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Figure 2. Illustrative diagram of fluidized bed drying system

Physical properties analysis

To reduce the stress inside kemel, the paddy after drying was kept in a
complete seal plastic bag at room temperature for 2 weeks before testing
phbysical properties. The properties of the paddy in terms of head rice yield,
whiteness and hardness were analyzed.

(a) Head rice yield -

Cleaned rough rice sample (dry and control) with a mass of 125 g. was
passed twice through a rubber roll testing husker and the resulting brown rice
was whitened for 45 min. Each sample was repeated twice and average head
rice yield was represented. The relative head rice yield referred to the ratio of
head yield obtained from the above-mentioned process to that obtained from
the control one (dry by ambient air).

(b) Whiteness of rice

The rice whiteness was measured by a Satake milling meter by the light
reflected at the surface of rice kemnel before measuring the whiteness meter was
calibrated with a standard pure white barium oxide having a value of 86%.

" (c) Hardness of rice

Texture analysis was determined in terms of hardness using a bench-top
Texture analyzer model TA-XT2i (Stable Micro Systems Ltd.). The milled rice
samples were cooked and tested individually at 20 min intervals. A 30 g.
portion of each dry-milled head rice sample was put in aluminum cylindrical
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cup (diameter of 7 cm. and height of 7 cm.) and rice sample was rinsed and
strained to remove excess water, and distilled water was added in amount equal
to 1:1.5 ratio of rice to water by weight. Rice samples were presoaked at room
temperature for 10 minutes and then cooked in an automatic rice cooker with a
capacity of 3 L. After cooking cycle was completed, the cooked rice was
continue to keep for 10-15 min in the cooker and then the sample was taken out
and cooled down to room temperature for 1 h. The cooked rice sample was
taken from the middie of cup (~50 g. £ 0.1 g.) and placed 1 cm. height from the
base of the extrusion plate.

The initial height of the compression probe (Ottawa cell) was set at 120
mm. The pretest speed of probe was 1.5 mm/s. The test speed for compression
was 0.5 mm/s and the post test speed was 10 mm/s. The maximum force
required for compression cooked rice to 90% of initial portion height 10mm as
indicated hardness of cooked rice. In the other words, the hardness was the
height of the force peak on the first compression. The value was expressed in
kilogram unit.

RESULTS AND DISCUSSION

Moisture content and grain temperature during fluidized bed drying

The average grain temperatures was in between 35°C and 75°C for
corresponding inlet air temperatures of 40-90°C and between of 83°C and 89°
C for corresponding inlet air temperatures of 100°C to 150°C. These grain
temperatures were used for setting-up temperature for tempering section.

Table 1 shows the drying time to obtain the final moisture content of
22.0+1.3% d.b. for initial moisture content of 32.5% d.b. was longer than those
for initial moisture contents of 28.2% and 25.0% d.b.
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Table 1. Experimental results of moisture content of paddy after fluidized bed
drying. (Varieties Suphanburi 1 and Pathumthani 1)

Inlet air Initial moisture Average Average final moisture content
temperature content drying time {% dry basis)

(¢C) (% dry basis} {min) Suphanburi 1 Pathumthani 1
40 250 230 22.0 22.6
28.2 36.0 22.4 21.8
32.5 58.0 223 22.4
50 25.0 13.0 20.2 20.9
28.2 20.0 226 217
325 30.0 22.6 22.6
60 25.0 7.0 224 20.5
282 11.0 223 224
32.5 21.0 21.7 223
70 25.0 5.0 20.1 209
28.2 8.2 226 22.1
325 14.0 21.5 22.6
80 25.0 23 208 21.8
28.2 53 226 22.7
325 9.2 21.5 22.7
90 25.0 20 229 212
28.2 33 22.6 229
325 6.1 21.8 22
100 25.0 1.5 20 212
282 3.0 21.8 229
32.5 4.4 21.8 22.0
110 250 1.3 22.0 214
282 24 215 22.9
325 34 22.1 21.7
120 25.0. 1.3 205 214
28.2 2.0 229 233
325 3l 23.0 23.0
130 25.0 1.1 20.5 21.7
28.2 1.4 227 233
325 2.5 21.5 22.7
140 250 1.0 205 214
282 1.2 22,6 227
32.5 23 21.8 22.7
150 25.0 ¢4 21.2 22.6
28.2 1.1 223 229
325 2.0 22.0 227
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Physical qualilty

(a) Head rice yield

Figure 3 (a) shows the influence of drying temperature on the head rice
yield at three moisture levels of Suphanburi 1 variety. The average percentage
of head rice yield for control rice was about 44. Drying at temperature below
80°C provides the relative head rice yield for the samples at 33% d.b. is fot
higher than the other two samples. This means that low drying temperature
ranging from 40°C and 80°C does ot affect the grain kernel to be gelatinized.
The gelatinization temperature for Suphanburi 1 varity is 74°C43°C. For high
drying temperature from 100°C and 150°C provides the relative head rice yield
105 and 115. Such a better quality is a result of partial gelatinization occurring
inside the grain kernels during the course of drying at high temperature. When
the gelatinization is being formed inside the grains, the starch granules are
swelled and at the same time, the protein is decomposed and penetrates through
the void spaces amongst the granules, thus providing the stronger adhesive
forces between them. Consequently, the kernels are capable of withstanding
the abrasive force while being milled.

For Pathumthani 1 rice variety as shown in figure 3:(b), the percentage of
head rice-yield of control rice samples was about 50 except for the initial
moisture content 32.5% d.b. showing a value of 45.3. The relative head rice
yield of the initial moisture content of 32.5% d.b. is higher than that obtained
from the samples at intial moisture contents of 25.0 and 28.8% dry basis at any
drying temperature comparing to the head rice yield of Suphanburi 1 after
drying, these head rice yield were relatively higher.
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Figure 3. Effect of inlet air temperature on relative head rice yield Initial
moisture contents of 25-33% db.and final moisture content of
22.0+1.3% d.b.(after fluidized bed drying)

(b) Rice whiteness

Figure 4 shows the effect of inlet air temperature on rice whiteness for two
rice varieties, Suphanburi 1and Pathumthani 1. For the initial moisture contents
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of 32.5% dry basis, the whiteness decreased when the drying temperature
increased. This is because of non-enzymatic reaction causing the yellowing of
rice kermel. For the initial moisture content lower than 28.8% dry basis, it was
found that the drying temperature had insignificant effect on the whiteness of
rice kernel. However, throughout these experiments, the values of rice
whiteness are still accepted for the commercials propose.
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Figure 4. Effect of inlet air temperature on rice whiteness for Suphanburi 1 and
Pathumthani 1 : the initial moisture contents 25-33% dry basis : final
moisture content 22.0+1.3% d.b.
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(c) Hardness of rice

For the hardness values of control rice and dried rice of two paddy varieties
are shown in Table 2. The bardness value after drying was slightly increased.
The hardness value of control rice was 19.12 + 1.36 kg for Pathumthani 1 and
35.63 + 3.17 kg for Suphanburi I rice. The hardness values of two paddy
varieties increased when the initial moisture content and drying temperature
increased. Firstly, the tightly packed with starch granules from loss of water
molecules in starch and penetrating of spherical shaped protein body in starch
granules causes increasing hardness of rice. This effect normally occurs on
ageing of stored rice [Zhout et al.(2002)] and drying by high temperature
[Irnprasit and Noomhorm (2001)]. Therefore, both low temperature drying (30°
C-90°C) and high temperature drying (100°C-150°C) of this experiment also
are affected by this phenomenon. Secondly, partial gelatinization during high
temperature drying affects to hardness values of rice. For gelatinization effect,
the rice kernel has been partial gelatinized so its starch was more strength and
hardness value trends to be higher than rice using low drying temperature.
Trends of gelatinization increasing will be predominated if paddy is high initial
moisture content and dried by temperature over gelatinized temperature of
grain. For this work, the gelatinization temperature of Suphanburi 1 variety and
Pathumthani 1 variety is about 74°C and 70°C, respectively. From the results
as shown in Table 2, it indicates that at higher initial moisture content of paddy

(32.5% d.b.), the hardness values of rice is harder than those of lower initial
moisture content.
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Table 2. Values of hardness after drying at different inlet air temperatures and
initial motisture contents : Suphanburi 1 and Pathumthani 1

Inlet air Initial moisture content Hardoess
temperature (kg)

(°C) (% dry basis) Pathumthani 1 | Suphanburi |

Coantrol rice 25.0 17.23 33.23

28.2 19.77 33.57.

32.5 20.37 40.09

40 25.0 19.17 35.61

28.2 19.77 36.50

32.5 20.37 33.23

60 25.0 18.92 36.31

28.2 20.57 38.89

32.5 21.76 39.70

90 25.0 19.86 3492

28.2 19.16 39.32

32.5 22.54 34.34

110 25.0 20.76 34,28

28.2 2148 31.22

325 21.89 38.38

130 25.0 20.62 35.79

28.2 20,56 34.35

32.5 22.19 36.30

150 25.0 20.57 35.72

28.2 19.06 33.19

325 21.56 39.01

CONCLUSIONS

Head rice yield of long grain paddy. containing the higher moisture content
of 25% d.b. when dried at temperature below 80°C does not show a significant
enhancement or a rapid decline, along with the whiteness to be invariably
maintained, comparing to those qualities of the control rice sample. However,
at temperature above 100°C, the recovery of head rice yield can be made
particularly for the initial moisture content of 32.5% dry basis whereas the
color of white rice has a pale yellow but it is still in the preferentially

acceptable value.

For the hardness, the value was slightly increased with increase the initial
moisture content and drying temperature.,
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ABSTRACT

The main objective of this work was to study the physical qualities,
chemical quality and physico-chemical quality of rice during in-store drying.
The prediction results of moisture content and whiteness of rice were
compared to the experiment resulls using a near-equilibrium drying mode
including whiteness kinetics of rice kernel. The long grain rice (Suphanburil),
containing of amylose content of 27%, was used for all experiments. The
experiments were set up at the average ambient temperature of 3044 °C,
average relative humidity of 7648% with a fixed bed depth of 1.0m. Specific
air flow rates of 0.65 and 0.93m’fmin-m’ of paddy were forced through the
paddy bulk at a initial moisture contents of 18.5% and 20.1% wet basis. The
final moisture content of paddy was about 3.310.6% wet basis. The results
were shown that the drying rate and the whiteness predictions were in good
agreement with those from the experiments For determination of energy
consumption, the consumption by this drying technique consumed low energy
input and did not produce notable effect on those of qualities of rice. For the
physical quality analysis, was indicated that the rice whiteness, head rice yield
and the percentage of paddy germination were insignificant affected by the
low-temperature drying. The hardness and stickiness after drying were slightly
increased.

Keywords. drying model, grain, in-store drying, rice quality
INTRODUCTION

Freshly harvested paddy contains the water around 18 to 23% wet basis.
The management of highly moist paddy during harvesting period is a serious
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Thin layer drying equation

An empirical thin layer drying equation developed by Agrawal and Singh
(1977) was used. It can be written by the following equation:

M-
MR - [.__M»q R @
: M, - M,
where x =0.02958 —0.44565 RH, +0.1215T, (5)
y = 0.13365 +1.93653 RH, —1.77431 RH +0.009468 T, (6)
where RH, = relative humidity of air before drying, decimal
M, = initial grain moisture content, decimal dry basis

Dry matter loss(DML)

The dry matter loss for rough rice was proposed by Seib et al (1980) and
described by the following equation

DML = 1 -exp[TERM] N
in which
e
TERM = a[wtm) exp[D(1.8 0 -28)] exp[(E(M,, — 0.14)] 3
where DML = dry matter loss, decimal
t = in-store drying time, h
0 = grain temperature, °C
M, = grain moisture content, decimal dry basis
For long grain
a,c,d,e = 0.001889, 0.7101, 0.0274 and 31.63, respectively.

Yellowness of rice kernel

The yellowing rate of paddy was described by temperature and water
activity and an empirical equation for predicting the yellowing rate was
developed by Soponronnarit et al (1998) as given by

@ _ g 9)
dt
and Ink - 7187 -2532a - 25%19.13 . 10712.;783 - (10)
where b = yellowness of rice, Hunter b unit
t = time, day
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k = constant value for the yellowing rate, Hunter &
unit/day

ay = water activity, decimal

T = temperature, K

The relationship between the rice whiteness and yellowness was
followed by

W, = 85.1-3.36b (11)
Where W), = whiteness of rice

The average moisture content and the average whiteness can be determined
by Equation (12) and (13), respectively.

= [EM(x)dx 12)
Mo = 5 dx (
av I([; dx
Where M = average moisture content of paddy, % wet basis
Wav = average whiteness of rice kernel, %
M(x) = moisture content of paddy, % wet basis
W(x) = whiteness of rice in each bed depth, %
dx = bed depth, m
MATERIALS AND METHODS
Materials

FIGURE 1 shows a deep bed dryer which comprises of a drying bin (Point
1}, an electric heating unit (Point 2) and an outlet air duct (Point 3). The
experiments were conducted in an insulated cylindrical bin having a 0.75m
diameter and a 2.75m height. The bed depth of paddy as fixed at 1.0m.
Ambient air is blown through a perforated steel sheet and then into the grain
bed. The outlet air is finally delivered to the atmosphere.
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Figure 1 [Hustrative diagram of in-store dryer

Methods

(1) Paddy drying condition

Long grain variety of paddy (Suphanburi 1) containing the amylose content
of 27% was used. Paddy (moisture content of 18-20% wet basis) was rewetted
by spraying water and mixed and then kept in a cold storage at the temperature
of 4-8°C for a week. The desired initial moisture content for the experiments
were 20.1% wet basis for experiment no.l and 18.5% wet basis for the
experiment no.2. The moisture content of paddy was determined by hot air
oven at 103°C for 72 hours [AOAC (1984)]. The paddy was dried by ambient
air with a volumetric flow rate of 0.93 and 0.65m’/min-m’ of paddy for
experiment no.l and the experiment no.2, respectively. During the
experiments, inlet air, moisture content, grain temperature and outlet air were
recorded and paddy was random taken out to determine head rice yield and
whiteness of rice. The grain temperatures, dry bulb and wet bulb temperatures
were measured by K-typed thermocouple, which were continuously monitored
by a Yogokawa data logger with a precision of + 0.1°C.
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(2) Quality of rice
Head rice yield, whiteness, viscosity and texture properties and
germination of paddy were determined compared to the control samples (The
control paddy was dried by ambient air ventilation with 2cm thickness). The
details were reported in the following item:
(2.1) Head rice yield
The method of head rice yield determination followed the guideline of
USDA method [USDA (1977)]. Samples, which were weighed 125g, wére
passed twice through a rubber roll testing husker and the resulting brown rice
was whitened for 45min, using a stone type laboratory testing mill. A testing
length grader with a log grain type (hole diameter of 4mm) was operated to
choose the head rice kernel. Percentage of head rice yield was determined by
mean of duplications. The relative head rice yield referred to the ratio of head
yield obtained from the above-mentioned process to head rice yield obtained
from the control samples, was presented.
(2.2) Whiteness of rice
The rice whiteness was measured with a Satake milling meter by the light
reflected at the surface of rice kernel before measuring, the meter was
calibrated with standard pure white magncsium oxide powder.
(2.3) Hardness and stickiness of rice
Hardness, stickiness of rice were determined by a Texture analyzer model
TA-XT2i (Stable Micro Systems Ltd). The milled rice samples were cooked
and tested individually at 20min intervals. The cooked rice sample was taken
from the middle of cup and this portion (50g+0.1g) was placed 1cm equidistant
from each other on the base of the Texture analyzer. The initial height of the
compression probe (Ottawa cell) was set at 120mm. During compression, the
test speed was 0.5 mm/s. The maximum force required to compress cooked
rice to 90% of initial portion height 10mm as measured as hardness. For
measuring rice stickiness, the cylindrical probe P50 was also used in this work.
Their values were optional expressed in kilograms.

Viscosity

The viscosity properties of rice samples were determined using an Rapid
Visco Analyzer [RVA] (Newport Scientific Pty. Ltd., Warriewood, Australia
Model 3D) with Approved Method 61-02 (AACC 2000). Viscosity of flour
was measured in duplicate samples as above. Those of RVA parameters except
time and temperature were expressed in RVU (1 RVU = 1072 ¢P).

Finally, the germination test of dry paddy and confrol paddy was done
following the method of the National Rice Research Institute.
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RESULTS AND DISCUSSION

Moisture profile and Energy consumption

Figure 3 shows the evolution of temperature profile of experiment no.l
during drying periods along the bed height. The average ambient air
temperature was about 30.0°C30.5°C. The experimental results were shown
that evolution of temperature was changed from initial grain temperature to
ambient air staring from the bottom (near inlet air duct) to the top of grain
bulk. This implied that grain was dried from the bottom to top of bulk. After
moisture content of grain kemel in each bed depth was reduced slightly, the
grain temperature also was close to ambient air. This was because mass
transfer between grain kernel and ambient air was in equilibrium state and their
moisture content were equilibrium.
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Figure 3. The evolution of temperature profile during drying

The paddy was dried from the initial moisture contents of 18.5% and
20.1% wet basis to 14+1% wet basis. Figure 4 shows the moisture profiles of
experiments and predictions. Figures 4(a) and 4(c) show the moisture content
at each bed depth throughout drying time for the specific flow rate of 0.93
m*/min-m* of paddy and 0.65 m’/min-m’ of paddy, respectively. The results
show that the predicted moisture content tends to be slightly different from the
experiment value. However, both of them were the same moisture profiles.
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Figures 4(b) and 4(d) intend to show the average moisture content prediction,
which was included and excluded respiration effect for the calculation. More
detail was presented in energy analysis as following.
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Figure 4(a). Moisture profile of paddy at bed depth of 0.05-1.0m
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Figure 4(b). Average moisture content throughout the bed
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Energy consumption reported in this work covers only the mechanical
energy used for driving the fan and heat loss at the motor was negligible.
Comparison of specific energy consumption between prediction and
experiment was significantly different. The energy consumption of experiment
no.l and experiment no.2 were 0.97 and 2.1 1MJ/kg of water evaporated which
was obtained from the prediction values while the energy consumption of .09
and 0.11MJkg of water evaporated was obtained from the experiments,
respectively. Due to grain respiration effect, energy liberation corresponding to
dry matter loss for experiment no.1 and experiment no.2 of 0.8 and 0.9%, were
about 0.8 and 2.0MJ/kg of water evaporated, respectively. These amounts were
used for evaporating the water and some energy loss in form of convective heat
transfer. These imply the energy from respiration effect is the impartial
contribution to reduce the moisture content of grain. So, the simulation with
including the respiration effect shows the moisture content predictions more
accurately than the excluded one. the average moisture content including
respiration effect as shown in Figure 4(b) and 4(d). the respiration effect is
more pronounced to moisture reduction in particularly at low airflow rate as

shown in Figure 4(d), comparing to Figure 4(b).
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Figure 4(c). Moisture profile of paddy at bed depths of 0.05-1.0m
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Figure‘4(d) Average moisture content throughout the bed

Paddy Qualities

(2) Head rice yield and whiteness value

The average initial head rice yield of the experiments was about 40. The
value of relative head rice yield after drying was between 0.92-0.98. The
results showed that low temperature drying insignificant effected to head rice
yield.

For experiment no.1 and no.2, which initial moisture content were 20.1%
and 18.5%wet basis, respectively, an average initial whiteness value of rice is
50.3 and 49.8 and after drying, the average final value of whiteness was 48.8
and 49.0, respectively. The whiteness values of rice were shown in FIGURE 5
(a) and 5(b). FIGURE 5 only shows one of evolution of rice whiteness during
drying time at bed depth of 0.05m and 0.8m for experiment no.1. The results
showed that an experimentally determined rice whiteness values at the higher
levels was slightly higher than these at lower bed levels.

Both of experiments, these wvalues were in good agreement between
predictions and experiments. It implied that the higher bed depth of rice was,
more yellowing was. The moisture content at lower bed height of paddy bulk
was more transferred rapidly than moisture content along the higher bed
height. This was concluded that drying rate at the lower bed height was higher
than that at the higher bed height. This was corresponding to previous work
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which studied on effect of high water activity and high temperature on
yellowing of rice [Yap et al (1988); Soponronnarit et al ( 1998)]. However, for
experiment no.2, the paddy at high bed depth of 0.8-1.0m was infected by
fungi thus the rice samples got more yellowing and damage so that its
prediction became relatively lower was [The results was not shown as graph
for this paper].
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Figure 5(a) Whiteness of rice at bed depth 0.05 m
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Figure 5. The evolution of whiteness of rice during drying period

Table 1 shows the amylose content determination and germination test.
The comparison chemical properties between control rice and dry rice showed
that it was not significant different in amylose content.

For the experiments, the germination test showed that they were
insignificant different. These results could be concluded that in-store drying by
ambient air ventilation was not affected the head rice yield and the
germination.

Table 2 shows the physical quality and physico-chemical quality of dried
rice compare to control rice. Hardness and stickiness value of control rice and
dried rice as shown in Table 2, the hardness value was increased when the
stickiness was decreased. This was because of aging of rice. However, the
stickiness was not measured in experiment no.l. The stickiness value in
experiment no.2 was determined by using P50 cylinder probe type. The
experimental result was concluded that the stickiness of dry rice is slightly
decreased comparing to the control rice.

(b) Viscosity ‘

From the physical and physico-chemical quality were shown in Table 2,
they indicated that rice after drying were changed in hardness, stickiness and
viscosity. The increased changes of the hardness after drying as above mention
were supported and correlated to RVA testing in terms of final viscosity
increasing as shown in Table 2. This is because rice after drying was tightly
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packed with polygonal granules and spherical shaped protein bodies and these
results were the same phenomena as previous work (Juliano 1985; Imprasit and

Noomhorm 2001; Zhou et al 2002).
Table 1. Change of amylose content and germination test of Suphanburi-1

rice variety dried using in-store dryer

Drying strategy Amylose Germination test
(%o wet weight) (%)

Control rice EXP-1 26.1 92.5

Afler drying EXP-1 28.6 93.1

Control rice EXP-2 27.1 94.5

After Drying EXP-2 27.7 94.9

Table 2. Physical quality and physico-chemical quality of Suphanburi-1 rice
variety dried on in-store dryer

Drying| Hardness | Stickiness Peak Final Relative
strategy (kg) (kg) viscosity | viscosity | Head rice

(RVL) (RVU) yield
Control rice | 16.6614.25 -* 293.33 380.50 1
EXP-1
After  drying | 23.87+5.28 -* 304.58 389.67 0.92
EXP-1
Control rice 16.14+1.89 0.11¢ 246.58 286.01 1
EXP-2 0.04
After Drying | 22.84+3.43 -0.07+ 266.81 311.47 0.94
EXP-2 0.06
* no data

CONCLUSIONS

1. The deep bed paddy drying using ambient air femperature has no a
significant effect on the average yellowing of rice kernel.

2. The grain drying model including the yellowing kinetics can suitably be
described the drying kinetics and rice whiteness in the deep bed drying.

3. The simulation including the respiration effect shows the more accurate
moisture predictions than that excluding one and the energy from
respiration effect is an impartial contribution to reduce the moisture
content of pgrain. So, the in-store drying technique is low energy
consumption process.

4. The in-store drying technique using ambient air ventilation is slightly
affected the physical qualities physico-chemical qualities of rice.
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QUALITY ASSESSMENT OF DRIED SHRIMP
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HEAT PUMP DRYERS
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ABSTRACT

The purpose of the present studv was to investigate strategies for rwo-stage
diving. This work concerned on the drying of shrimp using superheated steam
drver followed by heat pump drver (SSD/HPD) both from heat/mass transfer
and qualin: points of view. The moisture contents exited from the superheared
steam diver varied between 30% and 40% (w.b.). Shrinkage, color,
relndration behavior and texture of dried shrimps were determined in this
studv. The laboratory experiments were carried out in the 1wo different stages
of SSD/HPD. The first-stage superheated steam drying was performed at a

drving temperature of 140°C while the second-stage heat pump drving was

operated at 30°C. The results indicate that shrimp dried using SSD/HPD has
even betier qualitv than dried in SSD alone; SSD/HPD dried shrimp has much
lower degree of shrinkage. higher degree of rehvdration, better color and
sofier. In addition to the rwo-stage drving of SSD/HPD. the drving of shrimp
using superheated steam drver followed bv hot air drver (SSD/AD) was
investigaied. Laboratory experimenis were conducied by changing the second-
stage diver from heat pump drver (HPD) 1o hot air diver (AD) that operated at
the same diving air temperature as HPD. The results show that SSD/AD gives
redder and softer shrimp similar to SSD/HPD dried shrimp but no
. improvement in terms of shrinkage and rehvdration behavior was observed

Kevwords. color: hybrid drying: rehydration behavior; shrinkage
INTRODUCTION

Drying is one of the oldest methods for food preservation. Thermal damage
incurred by a product during drying is directly proportional to the temperature
and time involved. Conventional hot air drying at high temperature often
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causes loss m product quality. while at low temperature it takes longer drying
time and causes higher energy consumption. Heat pump drying has been used
tor solving this main problem with advantages of low temperature drying.
higher drving rate and high energy efficiency. However. various techniques
have been developed to achieve the more effective dehydration such as
variable temperature drying. Freeze drving can be applied to reduce thermal
damage and produce products with excellent structural retention but it is a
costly process and is only suitable for high-value products. Freeze drying also
cause major losses of volatile flavors (Flink 1975) and involves long drying
tme. Hybrid drying techniques have therefore become very interesting.
Stromumen 2001. for example. presented a new heat-pump drying technology
for drving frozen fruits and vegetables. The final products obtained using this
technique have very low bulk densities and high porosity. The color and taste
of the products are also favorable due to the low temperature used. The two-
stage drving is also an alternative for mumproving the quality of dried products.
Combined. for example, superheated steam and heat pump drying has high
potential for improving the quality of the final dried products as well as energy
consumption due to enhanced drving rates. Superheated steam drying can
produce many large pores (Seved-Yagoobi et al. 1999) with high drying rate in
the first stage. and then heat pump drving followed could maintain the shape
and preserve the color of product.

In this work. shnmp was dried in a two-stage superheated steam and heat
pump dryer. The boiling of shrimp prior to drying (in order to deactivate
microbial growth) was eliminated due to the use of superheated steam as the
drving medium in the first stage of drying and the product also tasted better
due to lack of nutritional loss during the boiling process, as suggested by
Prachavawarakorn et al. 2002. The effects of operating conditions in two
different and separated stages on the drying characteristics and quality of dried
shrimp. in terms of shrinkage. color. texture and rehydration behavior, were
investigated.

MATERIALS AND METHODS

Raw shrimp (Penaeidae) was washed and dipped in NaCl solution (2%
w v) at room temperature for 30 minutes before drying. One kilogram of raw
shrimp was used for each drving test and was placed proportionally on three
wire screens. The weight of shrimp was measured by digital balance
instrument (an accuracy of = 0.1 gram) every 13 minutes during drying. This
work was operated separately in SSD. HPD and AD units. For comparison.
experiments were performed using the three different drying processes (SSD.
SSD/HPD and SSD/AD). An SSD unit used in the experiments consisted of a
steam generator. a steam superheater rated at 13.5 kW, 2 0.3 x 0.3 x 0.1 m’
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Abstract : This paper describes damage of moist paddy afier hacvesting, affecting factors and
systematic approach for solving the problem. The solutions include aeration of ambient air through
moist paddy bulk during the waiting period for drying, two-stage drying, ie., fast drying in the first
stage, followed by slow drying in the second stage and intermittent aeration of ambient air through the
paddy bulk if it is necessary 1o store the paddy over several months.

Conclusion : Strategy tor managing moist paddy is recommended as foflows:

|. Moist paddy should be ventilated with ambient air during waiting period for drying with low air
flow rate, 0.35 m*/min-m” of paddy.

- Then moist paddy should be dited rapidly durving the lirst stage with hoCaic untif motsture content is
reduced 1o 18-19% wet basis. It is recommended o use uidization technigue due to last drying
rate, simple use and low cost.

3. From then intermediate moisture paddy should be dried stowly during the second stage until
moisture content is reduced to 14% wet basis. 1t is recommended to use technique of ambient air
drjying i storage due to low cost and high grain quality. Recommended air flow rate is 0.5-1.0
m*min-m’ of paddy. Or the intermediate moistwre paddy is dried in traditional dryer with proper
rate of drying.

4. 1f dried paddy is stored over several months, it should be venlilated fram times to times in order 10
reduce accumulated heat in the paddy bulk. It is recommended to ventilate about 3 hours a week.
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ABSTRACT

This repon has reviewed some works on in-store drying technigue in tropical region. The
mathemaucal models and drying strategy are reviewed with main interest focusing on the grain quality and
energy efficiency. Installing slirers and using natural airflow provide advantageously the effective energy
utihsalion and the reduction of moisture gradient in the bin together with maintaining grain guality. Slightly
supplemental heal is indispensably necessary for the worsl weather conditions. Initial moisture levels,
refative humidity and temperature are the main cause of grain deterioration in terms of head rice yield, dry
matier loss and the yellowing of paddy.

Key words: grain quality / in-store drying / mathemaiicai model
1. Introduction

The drying generally refers to a process of removal of moisture existing Inside the
product in which the convective air drying is often used. The approach of conveclive drying for grain may
conceptually be considered as a continuous’ grain flow and a fixed bed grain. Both techniques have the
advanlages and disadvantages. The types of continuous grain flow frequently found in the area of grain

drying are, for example, cross-flow dryer, mixed flow dryer (Giner et al., 1998) and fiuidized bed dryer
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(Soponronnarit et al., 1997b). The illustrations of mixed flow and fluidized bed dryers are shown
schematically in Figures 1a and 1b, respectively. Such typical diyers commonly use high air velocity and
high temperalure for removing moisture at high level, thereby obtaining high drying capacity. However,
when used with grain possessing very low initia! moisture contents, they provide very less efficient
performance in terms of drying eficiency, parlicularly the fluidised bed dryer which largely consumed the
thermal energy mare than 10 MU kg water evaporatled (Soponronnaril et al., 1988b) for reducing moisture
conlent of corn from 21.1% dry-basis to 14 2% dry-basis.

However, the ‘in-slore” drying lechnique known as the fixed bed grain drying may
compromise such a cause. Flgure 1c represents the in-store drying syslem, showing that the drying
system is not very complicated and mainly composed of bin, heater and ventilation system. This lechnique
has many advantages such as easy handiing, effective heat utilisation, less mechanical equipment and
low stress cracking if low drying temperature is used. Besides, it had a potential capability in storing
agricultural products for a long period without deterioration of quality {Amalachaya et al., 1997 and
Scponronnarit et al,, 1997a) after their moisture contents reached lo acceptable level for safe slorage.

This was accomplished by ventilating the ambient air about 2 or 3 hours a week through the grain bulk 1o

remave heat being generated ty the respiration of grain. The disadvantage of this technique is that it may

particutarly be applied with low inlet temperalure and low airfiow rale in order to avoid high-pressure drop
and lost the weight due to high moisture gradient in the grain bed. Drying will therefore be taken more
than a week il the initial moisture content of grain is very high. This may consequently result in a serious
problem of quafity aspect. To obtain lhe superior quality and the efficient heat utilisation, the drying should

be divided inlo two stages (Srzednicki and Driscoll, 1995).

A
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Exhausled air
Aur flow /

Gramin Now Gy e

a) mixed -flow dryer Giner el al., 1998)

b) fluidized bed dryer Soponronnadiiet. al., 19975}

c) in-slorg dryng system (Brooker et al., 1992)
Figure 1 Some typical lypes of

Al first, grain should be dried as fasl as possible in order to reduce the moislure content from its
harvest, usually between 20% wel-basis and 25% wet-basis, down fo a moisture level al which rate of
respiration and activity of micro-organism are relalively low. Al such range, motsture is almost
concentrated near the grain surface so that it can be transferred rapidly if high air temperature is utilised.
After the completed process of first stage drying, grain is ransported tc a storage, in which grain is to be
dried using lower air temperatures. Soponronnarit ef al. {1995) recommended for the second period that
the acceptable ievel of initial maisture contenl for agncultural products, which can be dried safely without
changing quality, should not be higher than 20% wet-basis. At this stage, the removal of moisture inside
the grain is very difficult since transport of moisture is extrernely controlled by the nature of chaotic voids
inside the grain, leading to the great reduction of drying rale. The siow drying in the bin, although the
moisture content of grain is refatively high, may play an important role in grain deterioration, both the
yellowing and the dry matter loss, especially in the area of hot and humid conditions at which the micro-
organisms and grain activity perform proficienlly. Many workers have become increasingly interest in the
study of how the operaling parameters for in-store drying technique and the wealher condilions affect the
gra-\in quality and the decrease of moisture content. In this review paper, we reporn some progresses of in-

store drying lechnique in the tropical countnes.
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2. Mathematical Model

The drying of moist grain in the fixed bed is a complicated process relaling to the phenomena of
heat and mass transfers. The moisture of grain bulk in the bin may change largely following the bed
height; moisture content of grain is low at the bottom near the inlet air whereas it is high at the top. This
consequenily causes grain delericralion. In order to undersiand deeply such phenomenon, the
mathematical model is needed to explain how the operaling paramelers, such as temperature, alrflow rate
and capacity, affect the removal of moisture throughou! the grain bulk. In addition, the model should be
able to predict the energy consumed over the drying period. In the simulalion of an one-dimensional deep-
bed dryer, the grain bed is divided into thin layers; the model is solved for each layer by considering the
outlet conditions of one layer to be the inlet conditions for the next one. After the model is solved for all
layers, the mojsture content and the air conditions along the grain bed deplh are oblained.

The deep-bed grain drying models can nemally divided into two categories, non-equilibrium and

equilibrium model.

2.1 Non-Equilibrium Model

Brooker et al. {1992) was proposed the non-equilibrium modei in which the drying air and a thin
tayer grain at any arbitrary location in the bed do not exist the equilibium. The detailed non-equilibrium
model consists of the following equations:

2.1.1 For enthalpy of air

L ha/(Gaea +Gac WNT - &) - (1)
ox
where

7 = air lemperature

X = distance

h = convective heat transier

a = particle surface area per unit bed volums

G, = flux of drying air flowing through the bed

c, = specific heat of dry air

c, = specific heal of water vapour

W = humidity ratio

& = grain lemperature

From the equation {1) the energy transferred by convection from the drying air to the grain is
equivalenl to the difference of enthaipy of air flowing in and oul the thin layer grain considered in a small

volume.
2.1.2 For enthalpy of graln

2~ 1ha/lppcp + CutDINTHY + [ g + CATIN o p(Cp + ) IG WX (@)

where [, = grain density
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, = heat capacity of dned grain
<, = heal capacity of liquid waler
by = latent heat

M = motisture content of grain

This eguation inlerprets the amount heat transferred by conveclion from air to the grain bed

corresponding to the enthalpy of grain using for heating the grain kernel and for evaporaling the water

inside the grain.

2.1.3 For humidity ratio of air

lid
= = —(p,/G, oML (3)
ox
where OMICt = single kemel equation which can be determined from the experiment. This

equation shows that the evaporated water carried by the air is equal to the moisture lost by the grain

kemels in the thin layer grain considered.

2.2 Near Equilibrium model

Thompson (1972} onginally moedified the nan-equilibrium modet to simply calculate the moisture
and temperature changes along the bed depths by assuming the thermal equilibrium conditions existing
between the grain and drying air in each thin layer grain during 2 small interval of drying time, resulting in
grain temperature similar to drying temperature. Similarly, Seoponronnarit (1988) modified slightiy the
Thompson's model by taking into accounts the dry matier loss, lemperature risen by fan and energy

consumplion. The main equations developed by Soponronnarit (1988} are as follows:

2.2.1 For Enthalpy Change In the Thin Bed

From the first law of themnodynamics, the sum of changes between the internal energy of a thin
layer at any bed level and the enthalpy of intet and ouliet airs is equal lo zero. The conservation equalion

can thus be wrilten as

C, T, * W, (2502+¢,TJ*RTC,.0,= c,T,+(2502 ¢, T )WRc,, T, (4)
where W, = humidity ratio before entenng a thin layer

7, = temperature before entering a thin layer

¢,.. = heat capacity of moist grain

(9,, = grain temperature of thin layer
T, = outlet temperature from the thin layer
W, = cutlel humidity ratio from the thin layer
R = ratio of dry grain mass to dry air mass
2.2.2 For humlidity ratio of alr
The amount of moisture removed from any thin layer bed being regarded ls equivalent 1o the

change of humnidity ratio of lowing air. This can be expressed as Lhe foliowing equation:
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W;-w, = (M-MJR (5)

where M, and M, are moisture contents of grain before and afer drying at time t. These values

can be calculated from the single kemel equation.

2.2.3 Temperature rise by fan
Although temperalure increases a few degrees, it is very important to improve the accuracy
particularly when using ambient air ventilation. Such temperature rise is caused by the increased sialic

pressure of fan. This equation is simply given by

¢, 41, =Pp,E, (6)
where 47, = temperature difference across the fan
P = pressure drop

E, = efficiency of fan

Figure 2.shows the evolution moisture content at various bed levels using air flow rate 14.83
ms:‘min-m3 and temperalure 54.5-58.4°C {Nathakaranakule and Soponronnrail, 1891), indicating that the
large gradients of moisture content, particularly at longer drying time, are found starting from high moisture
contents at the lop laid down to low moisture contents at the bottom. The nen-equilibrium model can
predict the results closer than the near equilibium one. When using higher airflow rates, the near
equilibrium model predicted the moisiure contenl largely different from the experiments. In spite of ils
limitation, the near equilibrium model is preferably used in drying simulation of in-stare drying system since
the running time is shorter and the mode! is nol so complicated. Jindal et al.{1996) was developed the
software for simulation of grain drying in deep beds based on the near equilibdum model. However, with

the recent advance of powerful computing, the non-equilibriurm model may be applicable due to no any

limitation.
.4 -T
- e
0.3 1+
— MNoo-oqd modd
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Figure 2 Comparisons of predicting moisture content between non-equilibrium
and near equilibium models (Nathakaranakule and Soponronnarit, 1991)
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Soponronnaril et al. (1995} employed the near equilibrium model to establish the charts in order
to facilitate in designing in-store drying system for which both intermittent and conlinuous air ventilation are
regarded. The impodant criterion used for obtaining the design charls for paddy was that the dry matter
toss shoutd not be higher than 0.5 or 0.75%. These values are certainly safe for acquiring an acceptably
preferred quality ol paddy.

Dry malier loss is an index indicated whether the dried grain has a good quality or not. If its value
is high, it means the mass of grain would be lost significantly. It is dependent strongly on the time,
lemperature and moisture content. The dry matter loss equalion for paddy developed by Seib et al.(1980)

is caiculated as followed:

DML = T-exp(-TERM) (N

Where TERM = A(t/1000)° exp(D (1.60-28)] explE(M 0. 14)]
!
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When dry malter loss equalion was included in the deep-bed drying model, ils prediction
approached the experimental resulls (Soponronnarit et al., 1985) . These are clearly indicated in Figure 3,
showing that the maodel inciuded heat from the respiratien predict satisfactorily in particutar at the top layer
in which il is dded latest whilst the prediction from the model excluding the respiration effect deviates
largety. In contrast, when the initiat moisture conten! is relatively lower than 18% wel-basis, the respiration
effect will not be pronounced notably due to low activity of respiration, thus calcutaling the reduced

moisture content from such two cases insignificantly diffecent.
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Figure 3 Accuracy of moedel in predicting moisture content (Soponronnarit et al., 1995)
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3. In-Store Drying Strategy

Works on in-store drying have been intensively interested In finding the appropriate ways in which
can conserve the energy consumplion and minimise the moisture gradient in the bin. Installing a stirrer in
the natural-air dryer allows the relative improvement of the drying performance. By verlically mixing grain
in a bin, stirer can simultaneously decrease the overdrying at the boftom layers that are the first ones to
be contacted with drying air and the spoilage chance on the top when compared to the system with no
stirmer. S0 far, it has more potential capability in reducing the drying time, electric-energy use. The lower
airflow rale might subsequently be oblained with largs energy savings 83.1% for 20% wel-basis initial
moisture conten! of com and 51.5% for 24% wet-basis moisture content (Wilcke and Bem,1986).

The use of ambient air for in-store drying process offers much better both grain quality and
energy efficiency than that of high temperature. The ambient-air drying uses a fan to ventilate ambient air
through the bin. Heat from the fan is added t¢ the air streamn providing a small increase in lemperature
and increasing relatively a capability of air in removing the grain moisture content. The powerful success
of such an approach depends on decreasing the grain moisture content so quickly enough that the
significant delerioration does nat occur, Airlow is therefore very important Fan management strategies for
continuous humidistat and time—clock controlled operation \'uere investigated by Morey el al. (1979) and
Srzednicki (1995). The influences of different management technigues on the performance cbtained by
low-temperature drying were studied by means of compuler simulations and experiments (Lynch and
Morey, 1989; Shove, 1983-1984; Morey and Peart, 1971; Soponronnarit and Chinsakeolthanakom, 1980).
Previous tests were shown thal grain could be dried safely for storage under cenain conditions without
significant mass losses or changes in quality. Futhemere, the important factors affecting the drying time,
energy consumption and equipment cost were the initial moisture, the grain bed depth, the airflow rate and
the temperature and relative humidity of the ambient air.

Simitarly, Cheigh et al. {1985) studied in-bin drying of paddy with ambient air under Korean
weather condilions. The results was shown that it was possible to dry paddy to safe storage conditions
within 5 to 17 days with no deterdoration quality, depending upon the initial moisture contents of grain
(19.2%-25.5% wet-basis), the bed depths (1.1-3.5 m) and the airflow rates (3.0-6.9 m airmin-m® of
paddy). Besides, the energy requirement was considerably lower comparing to the conventional high-
temperature drying. However, for lower initial grain moisture content of 20% wet-basis, the use of low
airflow rate provided the energy utilisation relalively mare effective than that of high airflow rate in spite of
using IongerAdrying time (Soponronnarit, 1968). In addition, Sopc;nronnan't et al. (1995) also suggested that
in hot and humid conditions, the ambient airflow should be used between 0.5-1.0 m /min-m_ of paddy and
the bed depth allowed 1o be varied from 3 to 4 m. Such conditions can only be applied for paddy
possessing Initial moisture contents between 18% and 19% wet-basis. Beside that, in order to save
economically the enargy consumption, the air should be ventilated only when the relative hurmnidity was not
higher than 75%, comesponding to paddy moisture equilibium between 14 and 15% wel-basls
(Laytong,1987). However, il the ventilated air with the property of relative humidity higher than 75% Is

flown through the grain layer, then some proportions of paddy which had already dried o low moisture
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contents will adsorb the meisture from the air stream, thereby causing seriously fower strength of grain,
higher yellowing and rapid growth of micro-organisms (Yap et al., 1988 and Phillips et al., 1989, Kunze,
1995). In order lo prevent such a situation, the slightly supplementat heat may essentially be required and

this is certainly sure that the grain quality can be maintained although it encounlers the worst weather

condition.
4. Grain Quality

The preferred grain quality achieved after the final stage of moisture removal does not depend
only on the drying approach, but also on the previous grain history, such as harvesting conditions, grain
vaneties and transportation. Different grain products possess different quality standards. The general
guality applicable to a wide range of grain types is the dry matter loss, as previously mentioned. This
factor can be determined by measuring the amount of carbon dioxide produced, assuming the respiration
process has been considered principally as the compieie oxidalion of carbohydrates into carbon dioxide
and water vapour { Steele el al., 1970; Seib el al., 1980).

However, for paddy, the imporant critenia to characterise lhe quality to be preserved during
drying process are the head rice yield and the colour, besides the dry matter 1055, The head rice yield, ~
defined as the rice having the long grain size as 8/10 of the fully complete grain, is reasonably sensitive to
condition of drying process and is usually employed in evaluating the success or failure of paddy drying
system. Numerous factors are influence to head rice yield. In tropical region, the paddy is harvested at
average moisture conient between 20% wel-basis and 25% wet-basis, relying on the harvesting methods
and the paddy varieties, In general, harves! al higher moisture levels provided effectively a high yield of
head rice, giving a maximum head rice yield al moisture contenl of 24-25% wet-basis
{Chinsakolthanakorn, 1987; Suwansathit, 1989), due to the fact thal the paddy rarely experiences the
processes of rewetting and drying occurring repealedly in the field. In addition, it is also relatively
dependen! on the paddy variety in which the medium =2nd short grain usually provided higher head rice
yields than the long grain variety (Brooker el al., 1952).

Besides such factors, the effect of tropical environmental conditions on head rice yield during
milling is also important. The head rice yield decreased relatively from 3.5% to 1.6% for increased
temperature of 20-35 °C at 40%. 60% and 80% relative humidities, respeclively (Noomhorm and Yubai
.1991).The highest head rice yields ranging from 55.3 up to 56.0% were obtained at 70-80% relalive
humidities comesponding to the 20-25°C temperature range. The cause of reducing head rice yield during
milling conditions can be explained by the fact that the dried grain adsorbs moisture from the air stream (o
which it was exposed (Kunze, 1995), hence the grain responds dynamically and physically to moisture
change in Hs environmenl, Moisture adsorbed through the grain surface causes the starch cells 1o expand
and‘ produce compressive stresses. Since the grain is free body, the compressive stress is balanced with

the opposilte lensile strength of the grain al its centre, When the compressive stress is higher than the

tensile strength of the grain, a fissure develops, leading 1o the grain breakage during the milling.
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Such a phenomenon of grain adsorplion can also be happened during stored grains in particular
on the top. This Is due to the temperature gradienis in grain bulk giving rise to moisture migration.
However, the temperature gradients In the bulk when the grain was stored at lower temperatures were
less severe than when stored al higher temperatures, hence lhe natural convection was not remarkable
and the air stream then carried less moisture from the warm regions of the grain slorage 1o the cooler
surfaces (Griffith, 1964). Propery ventilating air through the grain bulk can discourage the moisture
migration. Scponronnaril et al. {1997a) studied the field tral of in-stere drying and slorage using ambient
lemperature and aidlow rate of 0.57 mafrnin-rn3 of paddy. During experiment, the weather conditions were
average temperature of 27.7°C and relative humidity of 67%. In their work, the paddy was dried initially at
moisture conlent of 17% wel-basis down to 11.6% wetl-basis within 9 weeks and then foliowed with
slorage period for 19 weeks. In the period of storage, the air lven{ilation was laken twice a week. Paddy
qualities obtained in terms of colour and head rice yield were still acceptable when compared to reference
sample.

For rapid drying process, Kunze (1985) explained the cause of head rice yield reduclion during

the removal of moisture owing to the fact that the conveclive drying lechnique produces a steep moislure

gradient inside the grain. As the gradient reduces after drying, the grain surface receives moisture from .

the interior and expands, whilst the grain interior loses moisture and contracts, As this combination of
siresses, that is compressive al the surface and lensile at the cenire, develops with time, the grain fails in
tension by pulling itself aparl al its centre. The head rice yield is therefore decreased. Such phenomenon
was not occurred at end of drying period bul it took place after drying: a certain time interval after drying
was necessary before the fissures developed (Kunze, 1979). This also can be logically descnbed why we
do nol operale grain milling immediately after the paddy is dried.

In the fixed bed drying system, the drying rate is usually not very high, resulting in insignificant
change of head rice yield. Srhawong (1988) recommend for this system that 1o mainiain the head rice
yield throughout the bed, the inlel temperature should not be higher than 49°C for reducing moisture
content from 19-20% wet-basis to 14% wel-basis.

Another quality index of greal commercial imponiance, which is used as the criteria of considering
the price, besides the head yield, is the rice yellowing. If the rice has intense yellow, the price would be
dropped noliceably. The yellowing is frequently found in the areas where the weather has humidity and
temperature relatively high. Rice yellowing is therefore a major problem in humid tropics, especially in
Southeas! Asia, Thrashing and drying delays may cause the yellowing of rice {(Mendoza and Rigor, 1982).
1t was found in the moist paddy levels of more than 20% wet-basis, comesponding to the waler activity of
more than 0.96. The resulting rapid microorganism growth occumred and the grain then heated up o
lemperatures of 45.60°C. The yellow grain assodated with high temperalure was often noliced at the
central area of the paddy bulk within 2-3 days (Phillips et al., 1989) whereas the surface of moist paddy
bulk yielded fewer yellow. The mechanism of yellowing is not well known. A large number of investigations
have been attempied to pursue this cause. Pioneering work by Schroeder (1963) was staled that rice

discolouration can occur without healing of grains. A similar stalement was made by Wolk( 1913) in

-
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refation to yellowing of rice kemels. These reinforced the observations of previous workers thal yellowing
can result fram slow drying of moist rice without substantial heating {Phiffips et al., 1988).

Later, some researchers (Quitco, 1982; Chastensen and Kaufmann, 1965; Indudhara Swamy el
al., 1971; Phillips et al., 1989) atributed the yellowing of rice thatl it was mainly caused by the grater
melabolic activilies of microbial al the above-mentioned conditions. The subseguent high temperature
could be reached

However, in order to betler understand the yellowing, Yap et al.{1988) minimised the role of
microorganisms to yetlowing phenomenon in study by surface sleritisation of samples. For each variety of
rice, the significant progressive yellowing of milled rice and rough rice was much higher at 60°C than at
30°C. They reported thal both high temperature and high moisture content were necessary for yellowing.
The yellowing of rice produced inside the kernels was not uniform, decreasing a degree of yellow from the
exterior to the inlerior layers. This occurrence correlated consistently with the non-uniforrn distribution of
reaclants involving non-enzymatic browning or Maillard reaction, such as reducing sugars, epsilon-amine
group of lysine and terminal amino acid in proteins and free amine acids.

Recently., A quantitalive study of influences of the waler activity, temperature and stcrage
atmosphere on the yellowing of grain has been of increasingly interest. Some workers (Gras et al., 1989,
Bascn, el al., 1990) summarised that the water aclivity, and the temperature strongly affected the degrees-
of yellowing whilst the O, was very less significanl. In addition, the degrees of yellowing obtained from

paddy and milled rice had values insignificanlly different. Equation for predicting the rate of yellowing
&
proposed by Gras el al. (1989) is as {ollows: & = Q. eﬁﬂ(a,)r[O;J where & = rale of yellowing { Hunler b

unit/day), 7= absolute temperature(K), a_ = water activity, O, = oxygen content (mol!ma) and O, ﬂ & and

~

Y are conslanis. By contrast, Soponronnarit et al. (1898a) found thal the yellowing rate was found to
follow the zero arder kinefics. The proposed predictive model was given by /n k= €& - 53,, - &+ (Ya )T

where 5 £ & and ¥ are conslanl values. The apparent aclivation varied in a range from 130 to 145
kJ/mol, depending upon the waler actvity.

As above-mentioned quality aspect, the inherent characteristic of in-slere drying technique usually
using ambienl air ternperature or slightly addilional heatl may not detrimentally affect the reduction of head
rice yield. In this syslem, drying zone initially starts at the bottom and then slowly move upward to the top.
Drying time would be taken more than a week and thus, it definitely encounler a serious prablem of
yeliowing if the paddy with high moisture contenl is filled. However, this does not inherently imply that the
in-stare drying technigue will not appropnate for such moisture level although the drying rate is relatively
low. As already known that the paddy would be deleriorated within 2 or 3 days due lc either
microorganisms or non-enzymalic browning reaclion, it therefore reach 1o the questions how to apply the
suilable technique for in-store drying under such condition in order to dry paddy safely. The layer drying
technique seems to be an appropriate sclution. Using such an approach, many questions should be
asked, for example, airflow rate, bed depth and type of drying air {natural air and supplemental heat). All

these questions are worth to be pursuing and exploring further,
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5. Conclusions

1) The near equilibium model can predict salisfactorily the moisture removal only at the fow
airflow rates whilst the non-equilibium mode! is applicable to wider range. The heat from the respiration
and the fan should be included in the modeis, both having the significant effect when moisture content of
grain is relatively high and the natural air is employed. In addilion, the adsorplion and quality models
should be added. This leads {o realise reasonably how the grain quality can be deterioratad during the
complex interchange of heat and-mass ihreughoul the grain bed.

2) Improvement of drying performance via installing the stirer and using low-lemperature drying
air approves to have a favourable effect on energy saving and grain quality. Computer simutations using
long term of the weather data for tropical conditions recommended that air should be ventilated when the
relative humidity was not higher than 75%. If necessary, slightly additional heat might be required
essentlially.

3} In hot and humid condilions, the in-slore drying technigque using low airflow rate and ambient
temperature can sultably be applied for initial maisture contents of grain lower than 19% wel-basis. When
the initial moislure content is relatively higher than 19% wel-basis, the higher nalural aiflow or
supplemental heat is needed. However, it should be aware of larger pressure drop and high moisture.
gradient in the grain bed high due lo very high bed depth, usually 3-4 m in practice, if the airflow rate or
the inlel lemperature is set up too high.

4) Three significant factors such as relalive humidity, lemperature and initial moisture level affect
prominentiy the rice qualities The adsorption and rapid drying caused mainly the head rice yield reduction.
The suitable environmental conditton for milling was 70-80% relative humidities corresponding to 20-25°C
temperatures. Bolh microorganism and environmental condilions were dominant noticeably to the

yellowing of rice.
Acknowledgement

The authors would like to thank the Thailand Research Fund and the JIRCAS for their financial

support.

References

Amatachaya, P.. Soponronnarit, S., Prachayawarakom, S., Nalhakarankule, A. and Inchan, S., 1997,
Evaluation in Product Quality and Polential of In-Store Com Drying, Kasetsart J., 18, 73-85

Bason, M.L,, Gras, P.W., Banks, H. J. and Esteves, L.A., 1890, A Quantitative Study of the Influence of
Temperature, Water Activity and Storage Atmosphere on the Yeliowing of Paddy Endosperm, J.
Cereal Science, 9, 77-89.

Brooker D.B., Bakker-Arkema, F.W. and Hall, C.W., 1992, Drying and Slorage of Grains and Oilseeds,
Van Nostrand Reinhold Publisher. New York.

Cheigh, H.S., Muhlbauer, W., Rhim, J-W and Shin, M_G, 1985, In-Bin Drying of Paddy with Amblent Air;
influence of Drying Parameters on Drying Time, Energy Requirements and Q_uaiity, Korean .J.
Food Sci. Technol, 17(1), 25-32.



152

Chinsakolthanakom, S.. 1987, the Study of In-Store Paddy Drying at Third Stage, Master Thesis, King
Mongkut's Institute Of Technology Thonburi, Thaitand

Christensen, CM. and Kaufmann, H.H. 1965, Deterioration of Stored Grains by Fungi, Ann,
Rev.Phytopathal, 3, 69-84.

Giner, S. A.. Bruce, D.M. and Mortimore, S., 1998, Two-Dimensional Simulation Modet Of Steady-State
Mixed-Flow Grain Drying, Partt: The Maodecl, . Agric. Engng. Res., 71, 37-50

Gras. P.W.. Banks, H.J.. Bason, M.L., and Arricla, L.P., 1989, A Quanlitalive Study of the Influence of
Temperature, Water Activity and Storage Almosphere on the Yellowing of Milled Rice, J. Stored
Prod. Res., 9, 77-89.

Griffith, H.J., 1964, Bulk Storage of Grain: A Summary of Facters Governing Contral of Deterioration,
Melbourne, Australia, CSIRO Division of Mechanical Engineenng, Report ED8S.

Indudnara Swamy, Y.M. Ali, $.Z. and Bhattacharya, KR. 1971, Reialionship of Moisture and
Temperature 1o Discoloration of Rice During Storage, J. Foed Sci. Technol. 8:150-152.

Jindal V. K., Martinez, R.C. and Le Van Diep, 1996, Drying Simulation:a PC-Based, User-Oriented Decision
Suppon Syslem for in-Store Drying and Aeration of Grains, Proceedings of an Intemational
Conference Held at the FAO Regional Office for Asia and the Pacific, Bangkok, Thailand,
October 17-20, ACIAR Proceedings, 71, 282-283

Kunze, O. R., 1995, Effect of Drying on Grain Qualily, Internationat Conference on Grain Drying East Asia,
Bangkok, 17-20 October.

Kunze, O. R.. 1979, Fissuring of the Rice Grain after Heated Air Drying, Transactions of the ASAE, 22,
1197-1201, 1207 :

Laylong, €., 1987, The Study of Thermophysical Properlies of Paddy, MSc. Thesis, School of Energy and
Materials, King Mongkut's Institute of Technology Thonburi.

Lynch, B.E. and Morey, R. V., 1989, Control Strategies for Ambient Air Corn Drying, 32(5), Transactions of
the ASAE, 1727-1731

Noomhomm, A. and Yubai, C., 1881, Effecl of Tropical Environmental Conditions on Rice Kernel Breakage
during Milling. J. Sci Food Agric, 521-528.

Mendoza, E.E. and Rigor Jr., A.C.. 1982, Grain Quality Deterioration in On-Farm Leve! of Operation, in
Proceddings of the 57 Annual Workshop on Grain Post-Harvest Technology, 101-107.

Morey, R.V. and Peart, RM. 1871, Optimum Horsepower and Depth for a Natural Air System,
Transaclions of the ASAE, 14(5), 930-834.

Morey, RV, Cloud, H.A., Gustafson, R.J. and Pelersen, D.W., 1979, Management ol Ambignt Air Drying
Systems, Transactions of the ASAE, 22(6), 1418-1425.

Nathakaranakule, A. and Soponronnrait, S., 1991, Comparative Study of Mathemalical Models of Com
Drying, The Kasetsart J., 25(3), 345-357.

Philips, S, Widjaja, S., Wallbridge, A. and Cooke, R., 1988, Rice Yeliowing during Post-Harvest Drying by
Aeration and During Storage, J.Stored Prod.Res., 24,173-181.

Phitlips, S.. Mitfa, R. and Wallbridge, A., 1989, Rice Yellowing During Drying Delays, J. Stored Prod.Res,
25(3). 155-164. '

Quitce, R.T., 1982, Studies of Fungal Infection and Healing ol Paddy, Proc.GASGA Semin, Paddy
Deterigration in the Humid Tropics, Baguio, 1981, Philippines, 52-56, GTZ, Eschbom

Schroeder, HW., 1963, The Relation between Slorage Moulds and Damage in High Moislure Rice in
Aerated Storage, Phylopathol, 53, 804-808.

Se'ib, P.A., Pfost, H B., Sukabci, A., Rao, V.S. and Bumoughs, R. B., 1980 Spoilage of Rough Rice as
Measured by Carbon Dioxide Evaluation, Proceedings of the 3" Annual Workshop on Grain
Post-Harves! Technology, Kuala Lumpur, 29-30 Jan. )

Shove, G. C., 1983-1984, Energy Consumed in Low Temperature Com Drying, Drying Technology, 2(4),
503-511.



153

Soponrennarit, S., 1988, Energy Model of Grain Drying Syslem, ASEAN Jour. on Sci. and Technol, for
Dev. 5(2), 43-68.

Soponronnaril, S. and Chinsakolthanakom, S., 1990, Effect of Heat and Water from Respiration on Drying
Rate and Energy Consumption, ASEAN Joumnal on Science & Technology for Development, 7
(2), 65-83.

Soponronnarit, S., Wongvirojtana, P., Nathakaranakuie, A and Chinsakolthanakom, S., 1985, Design
Charts for In-Store Paddy Drying under Hot and Humid Chimales, Agri. Enginnering J., 4. 147-
162.

Soponronnarit, 5., Amatachaya, P., Prachayawarakorn, S., Nathakaranakule, A. and Inchan, S., 1997,
Fieid Trial of In-Store Drying and Storage, The Kase(sarldJ_, 18, 86-100.

Soponronnaril, S., Kittiporn, K. and Prachayawarakem, S., 1997b, Appropriate Operating Parameters for
Fluidized Bed Com Drying, RERIC intemationa! Energy J., 19(1), 1-13.

Soponronnaril, S., Srisubati, N. and Yoovidhyé. T., 1998a, Effect of Temperature and Refalive Humidity on
Yellowing Rate of Paddy. J. Stored Prod. Res., 34(4), 323-330

Seponronnarit, 5., Wetchacama, $..Swasdisevi, T., Kithpom, K. and Vitsutdipal, S., 1998b, Performance
Tesling of Industrial-Scale Fluidized Bed Com Dryer, , 6, Proc 13" Ciar Processing, 6, 307-
3i4

Srihawong, R., 1988, Paddy Drying Experiments, Thai Agricultural Engineering J., 3(1), Jan-Apr.

Srzednicki, G.S., 1995, Control Syslems for Aeralion and Drying of Grain, Inlemalional Conference on
Grain Drying East Asia, Bangkok, 17-20 Oclober.

Srzednicki, G.S. and Driscoll, R.H., 1995, Adoption of In-Store Drying Technology in Southeast Asia,
Paper Presented at 17 th ASEAN Technical Seminar on Grain Postharvest Technology, Lumut,
Malaysia, 25-27 July

Suwansathit, R., 1988, The Siudy of Paddy Drying in @ Small On-Farm Slorage Bam al Chinat Province,
Master Thesis, Mahidal University, Bangkok

Steele, J.l.., Saul, R.A. and Hukill, W.V., 1969, Deterioration of Shelled Com as Measured by Carbon
Dioxide Production, Transactons of the ASAE, 12(5), 685-68%9

Thompson, T.L., 1872, Temporary Storage of High Moisture Shelled Com Using Continuous Aeration.
Transactions ol the American Society of Agricullural Engineers., 15(2), 333-337.

Wilcke, W.F, and Bern, C. ). 1986, Natural-Air Corn Drying with Stiming: ll. Dryer Performance,
Transaclions of the ASAE, 29(3), B60-867.

Wolk P.C. van der, 1913, Protascus Colorans, a new Genus and a New Species of the Protascineae
Group, the Source of Yellow Grains in Rice, Myc. Centralbl, 3, 153-157.

Yap, A.B., Julianc, B.Q. and Perez, C.M., 1988, Arificial Yellowing of Rice at 60°C, Proceedings of 11 "
ASEAN Technical Seminar on Grain Posi-Harvest Technology, Kuala Lumpur, 23-26 Aug.



s1e3un1slszgNITInIgITInIs szl 2544

ANANIAINGTHINEATUMIUTTINALNE, VaULAY, 25-26 HNSIAN 2544

o A ] « -~ o L%
n']'iaﬂl:i']ﬂ'ﬂ'ﬂ Lmsmaﬂa%auﬁ'lﬁm?mmmmaLLa::F}mn'mmaﬂﬂ'nTﬂﬂ

Study of Parameters Affecting Drying Kinetics and Quality of Corns

r 1 - -y - s [
BHUTK LITNINY AUTA Tﬂnm':mqnn DRAANA NIHTIRHAANR
qeine dudcind’ uas gnimd luBawigna’
Samboon Wetchacama', Somchart Soponfonnartt‘. Adisak Pongpu[lponSak',

Wuttiat tuntiwetsa'and Suprarat Kos fteharoaankul’

1. 0190 uwdinnaumalulabnszvoundinug i) 91 ouwdszmgin MR NTaNNY
Lecturer, King Mongkut's University of Technology (KMUTT), Pracha.utit Rd., Tungkru, Bangkok.
2. paminAnenfiggnln nucwdsnuuasiag uas,
Former graduata studenl, School of Energy and Materials, KMUTT.
3. noshaRpus:IREAININ MRATMINEM mInrduinyeimand nusrwaloiu ININT nFINNY

Plant Pathology and Microblology Division, Departrment of Agrcutture, Kasatsart University, Bangkok.

UNARYD

qﬂu’}fiuﬁﬂfmqﬂ‘::mﬁxﬁaﬁnmﬂq{uﬁﬁﬁnﬁnﬂ&iaﬁmﬂmsﬂuuﬁqmﬁm‘iﬂ’)‘[wmﬁﬁmw%uuﬂ:qmuqﬁ
puwigednuimalagdlmoiy uRsimLIWUAReIeAdnaanfiie I un mesamnrouiy Tag
NMARDIBLWES 3 TuRou Ae 1) MssuwissdiradaorinsuwTuLgaladius AgaugisniaAny
Wia 130 - 170°C 2) nanfAulufdueania (tempering) Agamniudrininaudaniseuadis uaz 3) n1sul
windnTnadiusrnmAwsadon snnmassaiy TsduRininaredamnrouwialdun guugiivazdam
MM UIZIOI0 AR LW TuNrBuILruRIRBIAtGinAand Wufuuhoueanmmunednminisey
uﬁqﬁiﬁmnaummuuﬁqﬁmquﬂ (®UNTTEDY Page, Wang-singh WAT Lewis) AUNRNITHARDY WUTY /NN
Page WMuaN I MIUIUAD mﬂé’mﬁuuammﬁﬁmmnﬁﬁm

fwTuinqUrzaadBniouiisie ﬁamﬂaaauqmmmuﬁm?'n‘iwﬂué’qmummuuﬁquﬁa:'ﬁ’umﬂu oy
RATUAiNAMLAT 3 0deAe 1) Uhnnairuedameniuluwdie 2) nseanuazn1aig uas 3) F1ouufa wu
51 usirueraineniubiimsu@sunsamusnmzdeulinimasss mruanuazninseandaing
Twa%uﬂﬂﬁumw%uuﬁqmmuuﬁq -T;qqruw]fm1n’mauuﬁmﬂ:::u:ma’1n’n tempering FALRNTINUNOLIAN
Uaduudnfideunronisasudvaendainntnafo 2us8Ing tempering 39ANTUMAINNTRUTIUAS

{OIIHOINIASUIIIHATBUNTIN

ANAIATY: AN/ SAuANRATNITEULTS / ufiafe



155

Abstract

The objectives of this research were 1o investigate factors affecting on drying rate of high
moisture com at high temperature with fluidization technique and to develop a mathematical modeal for
predicting drying rate. There were three steps of drying process as follows: 1) rapid drying using fiuidized
bed dryer al inlet drying alr temperature of 130-170°C, 2) com tempering at lemperature of com after drying
from step 1, in tempering period of 40-180 minutes, and 3) drying with ambient air. {t was found that the
drying rate was affecled by Inlet alr termnperature and specific air flow rate. Among three seml-emplrical _
drying equations (Wang and Singh, Page and Lewis), it was found that Page's equation provided the best
prediction.

This study also aimed at investigating the auality of com dried in each step. Com qualities in
terms of Afatoxin content, percentages of breakage and stress crack, and colour change were considered.
Experimental resulls showed that afatoxin conlent in dried com did not change; breakage and cracking
depended on final moisture content, and did not rely on inlet alr lemperature and tempering period. The
colour of dried com depended con tempering period, while final meisture content as well as inlet air
temperature have no effect on the colour.

Key words: drying kinetics / grain / quality
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Effect of Tempering Process on Paddy Drying by Fluidization Technique
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Abstract

The objeclive of this research is to study the effect of tempering on the performance of paddy
drying by fluidization technique. The drying was divided inlo two passes in which the lempering period Is
between them. The simulation describing the moisture movemenl inside the paddy kernel during drying and
tempering process was modeled wilh the differential equalion of mass balance in control volume that
considered the grain shape as a finite cylinder. The explicit method based on finite difference was used to
solve the equalion. The results show that the simuiation can predicl sauslactorily the effect of tempering on
moisture reduction during the second drying pass and the drying rale during lhe second pass of drying is
significantly improved when the lempering is available. The tempenng pericd of 15 minule is recommend.
The required time for the 0.95 1empering index increases with the initial moisture conlent bul decreases with
drying air temperature and drying lime.

Key words: Diffusion / Drying ! Fluidized Bed / Grain / Tempering
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1. Introduction

Al the presenl, paddy drying by fluidization technique is widely used in several countries. The
advantages of this lechnique are as follows: rapid drying, small dryer size and uniform final moisture
conlent. if the product guality in lerms of head rice yield and whileness is 1o be maintained, the fluidized
bed dryer should not reduce the grain moisture content down to safe storage level at 16.3% dry basis by a
single drying pass. Several researchers {Stefle ef al (15978), Zhang and Lilchfield {1991) and Soponronnarit
et &l (1999)] suggesled 1o temper Ihe grain between each drying pass in order 1o improve the drying
perfonmance and the product qualily.

Tempering times used in the commercial nce drying vary widely. It is essentially imporant to know
the tempering time for different drying processes and differenl drying condilions. Siefle and Singh (1980)
simulated the mullipass drying of rough rice to delermine lhe eflect of drying variables on lempering lime
and the influence of tempering on the second drying pass. The resulls showed thal the drying air
lemperalure was the main parameter aflecting the tempering time. For the temperatures between 35-5500,

lempering was 95% completed in less than 2 hours and was fully completed in less than 5 hours.

Sopornronnaril er af. (1999) inroduced the lempering and the ambient air ventilation as the processes after

fluidized-bed paddy drying. It was found that the maximum rate of moisture reduction during the ambient air
ventilation was oblained when the tempering time was 15 minutes or longer. In addition, the quality in terms
of head rice yield was improved as compared 1o thal wilhoul lempenng.

In the simulation of drying syslem wilh including of the lempering eflecl between each drying pass,
the moisture profile in the grain kernel al the end of each drying pass musl be known. However, the
moisture profile cannot be predicied with the empirical drying equalion. i can be determined only by using
the theoretical drying equation, The differential equation wilh boundary and initial conditions for a paddy

considered as a finite cylinder can be writlen as follows:

oM M (1\om  m
CAS A A L o
a‘ af [ a( aZ
t=0,0__r_r0 M=M
—0<z5+4 M=M,,
>0 r=ry M=Meq
z=1/f M =M.,
oM
1>0, r=20 — =0
Or

During the lempering process, the moisture inside the paddy kemel migrates lo the surface. The
moisfure profile is not unilorm at the onset of tempering. The moisture distribution inside the kemel can be
described again by Egn. (1) with the new boundary conditions as follows:

1=0. M=Mlr.z)
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CM
>0 1=1, — =0
O
OM
z=x¢ — =0
Oz
OM
1>0. r=0 - =
Or

Due to the very complexity of boundary condilions the analylical solulion is not practical. The
numerical method can thus be employed to cbtain the solution of moisture profile.

The objective of this research is to study the effect of te:mpen'ng on the perfemance of paddy
drying by fluidization technique. The drying was divided into two passes in which the lempering period is

between them

2. Materials and Methods

2.1 Experimental Apparatus

In this study, an experimental batch fluidized bed dryer (FIGURE 1) comgprises of a cylinder shaped
drying chamber with a dimension of 20 cm in diameter and 140 cm in height, a 12 kW eleclrical heater and
a backward curved-blade centrifugal fan driven by a 1.5 kW motor. The drying air temperature was
controlled by a PID controfier with an accuracy of 110C. A mechanical variable speed unit can regulale air
flow rate. All drying conditicns were performed al constant bed air velocity {2.2 m/s}' and bed thickness (1.5
cm). The temperalure of grain, drying air and ambienl air were measured by thermocouple type K
connected to a data logger with an accuracy of 1100 The moisture contents of paddy were determined by
an air oven al temperature of 103°C for 72 hours. It was estimated that the error was approximately +0.1%
dry basis.

Paddy used in all experiment was rewet, mixed and kept in a cold slorage at the temperature of 3-5°C
for 5-7 days. Before starting of the experiment, the paddy was kepl in ambient air until grain lemperature

was close to the ambient temperalure.

2.2 Experiments on Drying and Tempering
To study the effect of tempering on the drying performance, drying was divided into two passes in
which the tempering is between them. During the tempering, paddy was placed inlo a sealed container and

kept in an oven at the temperature equal to the paddy temperature obtained after the first deying pass. The

_ experiment conditions were as follows: initial moisture contents of 24.0 and 29.5% dry basis, drying air

temperatures of 130 and 150°C and tempering times of 0, §, 15 and 30 minutes.

2.3 Numerical Solution for Molsture Profile
In this study, the simulation describing the moislure movement inside the paddy kernel during both
drying and lempering processes was modeled with the differential equation of mass balance In a small

control volume. The explicit method based on the finite difference was used to solve iL.



166

The effective moisture diffusivity in this study is modified by using the experimental data conducled
by Poomsa-ad et a/. (1999). It can be described as a function of drying temperature. It is written as :
D= 121.76 exp (-3433.8/T,.,) {2)
For studying the eflect of lempering on the moisture reduction during the following drying pass,
several researchers used the parameter cailed as a lempering index which is a guideline for the tempering

time. It is defined as follows:
. Mgy =My =)
e = {(3)
(Mg 1=c0 — Mg 1)

where the subscript s refers 1o the kernel surface. The average moisture conlent of the kernel

surface of a shorl cylinder can be determined by the following equation:
L D MA + D mA, “
sav
ZAI + ZAI o

where i and j refer {o the curve surface and the plane surface, respectively.

3. Results and Discussion

FIGURE 2 shows the experimental and predicted resulis of tempering effect on moisture reduclion'
during the fluidized bed drying. Drying rate during the second pass improves when the tempering is
included. The drying curve for 15 minute tempering approaches 1o thal of 30 minute tempering. Similar
results were obtained for differenl drying conditions. It can be seen thal the simulation can predicl
salisfactorily the effect of lempering on moisture reduction during the second drying pass.

The predicted moisture distribution inside the paddy kemel during tempering is shown in FIGURE 3
(grain temperature of 100°C). The moisture conlen! becomes more uniform after a cerain period of
iempering. Al the grain surface, The curve surface has faster change of moislure conient than that of the
piane surface,

Considering the calculated tempering index, it was found that the tempering index changed rapidly
al the early period of lempering. The tempering indexes after the tempering perods of 5, 15 and 30 minutes
were 0.78, 0.90 and 0.85, respeclively. Tolaba &f al (1999} reporied that for lempering index mere than
0.95. the drying curve approached the drying curve of complete tempering.

From the drying and tempering simulation, the predicled equation of tempering time for tempering index of
0.95 was established as shown in Eqn. (5)
L= 39.266 - 0.12125 T,,, + 0.77167 M,,— 574167 ¢, (5)

R' = 0,943
) The above equation is applicable 1o the range of drying air lemperature of 383 — 443 K, 20% dry
basis< M,, £ 30% dry basis, and 1 minute < 1y < 5 minutes.
The required time for 0.95 tempering index increases with initial moisture content but decreases
with drying air temperature and drying time. Stefl and Singh (1980) reporled that tempering tima of 120

minutes was required for the lempering index of 0.85 (drying air temperalure was 35-55°C)_ It was observed
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that tempering paddy at high temperature requires much shorler time as compared to the case of low

temperature. Consequently, the capacity of tempering bin can be reduced significantly.
4. Conclusions

1. Drying rate during the second pass is improved when the tempering is included. it is
recommended that tempering period of 15 minutes is sufficient {or tempering at high temperature.

2. The required time for the 0,95 tempering index increases with the initial moisture conlent but
decreases with drying air temperature and drying lime. The tempering time for grain dried at high‘

temperature is much shorter than that at low temperature.

Nomenclature

2
Surface area, mm

. e - . 2,
Effective diffusion coeflicient, mm /minute

suppori.

D

I Tempering Index

¢ Half height of the cylinder, mm

M Moisture content, % dry basis

R Carrelation coefficient

r Distance along the cylinder radius , mm
I, Radius of the cylinder, mm

T Temperature, K

( Time, minute

z Distance along the cyfinder axis, mm
Subscripts

abs Absolute

av Average

d Drying

eq Equilibrium

i Curve surace

in
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Abstract

Drying of soybean using a two-dimensional spouted bed dryer has been studied. Air velocity was
varied in a small interval of 20.2-20.5 m/s, with a fixed hold-up of 25 kg. The soybean with lnitial moisture
levels varying between 28 and 32% dry basis was dried to 12-17% dry basis, using inlet temperatures of
120-150°C. The experimental resulls indicate that higher temperatures and higher maoislure contents
provide faster molisture reduction rate.

The qualities of soybean have also been considered In tlerms of stress crack, breakage, urease
aclivity and protein solubility in 0.2% KOH. It is shown thal the percenlages of stress crack and breakage
depend on the temperature and the final moisture conlent with showing In a range of 50-60% and of 6-
24%, respectively. The urease activity and protein solubility can possibly be reduced to a standard level
with slightly changing the protein quality.
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