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Effects of Simultaneous Parboiling and Drying by Infrared

Charun Likitrattanaporn and Athapol Noomhorm

'Radiation Heating on Parboiled Rice Quality

Food Engineering and Bioprocess Technology, School of Environment, Resources and Development,
Asian Institute of Technology, Klong Luang, Pathumthani Thailand

An infrared (TR) radiation heating and vibrating apparatus was
used to study a simultancous parboiling and drying process.
Physicochemical properties such as milling yield, color, and pasting
properties of parboiled paddy were evaluated. Radiation intensity

| levels of 46.7kW/m?, variable exposure time, and rice samples at

fixed initial moisture contents (IMC) of 30 and 32% wet basis
(wb) were used. It was discovered that the radiation intensity of
46.7kW/m” and 32% wb moisture content yielded a quality level
similar to that of conventional steam-parboiled rice. The head rice
yield (HRY) of IR paddy slightly decreased with increased exposure
time. The HRY of IR heating was more than 60% compared to
HRY values of 67.68 to 69.34% for conventional steam-parboiled
rice. The b-values of 23 to 25 for IR samples showed lighter yellow-
ness than the 29.7 b-value of conventional steam-parboiled rice. The
pasting properties of all IR samples showed lower viscosity com-
pared to the raw-milled rice samples but higher than conventional
steam-parboiled rice. Initial moisture content of paddy affected
the degree of starch gelatinization (SG) by differential scanning
calorimetry (DSC). Under IR heating for 18 min of exposure time,
the 32% wb IMC sample showed SG at 80.15% compared to SG at
59.02% with the 30% wb IMC sample. Hence, while employing sim-
ultancous parboiling and drying with IR heating for an exposure
time of 18 miu, the sample retained more parboiled flavor as a result
of a higher degree of starch gelatinization. The sample showed lower
HRY, but yellowness was within the acceptable range. Encrgy

| requirement for producing 1 ton of parboiled paddy by the IR heat-

ing process is lower than the conventional steam-parboiled process
but statistically nonsignificant (P > 0.05). However, the process
time was reduced to one third of the conventional process, leading
to improved quality. In addition, initial investment cost was minimal
because a steam generator was not required.

Keywords IR heating; Parboiled rice; Simultaneous parboiling
and drying

INTRODUCTION

The simultaneous drying and parboiling process is
known as a non-steaming process. This is a quick process,
meaning that soaked paddy is not only dried but its starch
is simultaneously gelatinized.!"! This technique aims to

Correspondence: Athapol Noomhorm, F Engineening and
Bioprocess Technology, School of Environment, Resources and
Development, Asian Institute of Technology, P.O. Box 4, Klong

|Luang, Pathumthani, 12120, Thailand; E-mail: athapol@ait ac.th

climinate the stecaming process to reduce energy consumption
and investment costs of a steam generator. It is subjected to
quick conduction heating at high temperatures, which
includes hot sand, a rotary drum drying, and thermic fluid.
Electromagnetic waves, especially microwaves, can also be
uscd for parboiled rice processing.! In addition, rapid moist-
ure removal and improved milling yield under increasing
degree of starch gelatinization for high-moisture paddy and
parboiled rice drying can be obtained by hot air fluidization
techniques ™ During the drying process, starch is gelati-
nized and moisture in the grain is simultaneously lost. This
technique contrasts with the conventional steaming process
in which moisture content is added. The benefit of the
non-steaming process is that the lower initial moisture con-
tent of paddy allows for faster drying, saving energy through-
out the process Pillaiyar® stated that 50% of total energy is
consumed during the drying stage of the conventional par-
boiling rice process. Thus, decreasing the cnergy required
for drying can save substantial energy. Dash!'” and Pillaiyar
et all'" demonstrated a technique for saving energy using
conduction heating and thermic fluid heating to improve
the conventional parboiling rice process.

The conventional steam parboiling process of paddy is
commonly divided into three underlying processes: soak-
mg, stcaming. and drying. Paddy is soaked in hot water
to its saturation point and the grain is stecamed to gelatinize
the starch content. The grain is then dried before milling.
The major advantages of parboiling rice are to improve
milling yield. cnhance nutrition, and increase resistance
to spotlage duc (0 insects and mold infestation.!'?'4]

The yellow quality of parboiled rice and its aroma and
taste have become widely accepted as a result of the con-

ventional steam-parboiled rice process. At present only a
relatively small group of consumers accept the appearance
and flavor of conventional steam-parboiled rice in South
Africa, Nigeria. and other African countrics. Most modern

rice consumers  recognize the mnutritional qualities of
parboiled rice but are more familiar with white rice. Thus,
consumer expectations regarding the qualities of parboiled
rice substantially diticr from its typical flavor and color

1066
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‘ - An increasingly popular alternative heating source,
 infrared (IR) radiation, is widely used in many industrics
as a heat source for drying products. In reviewing related
literature, implementation of this technology in agricultural
products has rarely been reported. IR heating is accepted as
the most efficient method due to its significant advantages,
such as versatility, simplicity, uniformity, heat transfer, and
energy savings compared to conventional drying!'*'®
However, many rescarchers have indicated that IR heating
is suitable for only the surface of objects. Increased depth of
the grain bed causes a wide variation in moisture content,
leading to fissuring of grain after drying."” To solve this
problem, a deep-bed grain vibration system should be uscd
to keep the grain in motion so that each piece receives
radiation uniformly and dries more quickly.?%?!! Nowak
and Lewicki® stated that final material temperature by
IR heating affected the quality of apple ljiccs, in particular
mechanical propertics. Some papers have indicated that a
combination of IR heating and other drying techniques
can accelerate moisture removal.!>-2% Furthermore, several
models of IR drying were investigated to developing
advanced process control.?7-31

An IR heating and vibrating appamfus was designed
and frabricated to study the simultancous parboiling and
drying of high moisture paddy under the hypothesis that
the non-steam parboiling process could reduce energy
costs and produce the desired quality parboiled rice.
Effects of IR heating such as head rice yield, color, chalki-
ness, water absorption, solid loss, pasting property, and
degree of gelatinization were investigated with respect to
IR intensity, fixed grain bed depth, controlled vibrating
amplitude, varying exposure times, am{ initial moisture
content of paddy.

MATERIALS AND METHODS
Sample Preparation
The Pathumthani 60 variety of paddy, a long-grain type
with intermediate amylase (26%), was used in this experi-
ment. It was dried to 11% wb moisture content. The paddy
samples were cleaned, kept in plastic bags, and refrigerated
at 10°C. Before soaking, they were tempered at ambient
temperature for at least 6 h. The paddy samples were soaked
in hot water at 55°C until the moisture content reached 30
Eﬁd 32% wb. They were then removed from the hot water
d tempered for 1h before exposure to the simultancous
parboiling and drying process with the IR heating and
vibrating apparatus.
Two control samples were employed in the experiment.
One was untreated paddy and the other was conventional
steam-parboiled rice (steamed at 100kPa for 10 min).
Parboiled paddy was dried at 40°C in a hot air oven to 11%
wb moisture content. Finally, the parboiled paddy was kept
overnight before milling and other qualities were evaluated.

Adapted Infrared Radiation Heating and
Vibrating Apparatus

The IR heating and vibrating apparatus consists of three
parts: the heating source, sample tray, and vibrating table,
The heating source utilized three carbon shield infrared
radiation lamps (220 V, 700 W) that were installed in the
350 x 170mm shiny aluminum reflector. It was hung on
the heating source stand with adjusting level screws over
the sample tray The sample tray was rectangular
(150 x 300 mm) and 50 mm high. It was divided into eight
small compartments and clamped onto the vibrating table.
The vibrating mechanism consisted of an eccentric joint
with a speed-controlled motor and four helical springs.
The vibration was transmitted to the sample tray through
a 10-mm eccentric link and an adjustable-specd motor.
wis enclosed 1in tempered glass, which
increased the air temnperature to 100°C during simultaneous
parboiling and drying inside the tray. The infrared radiation
heating and vibrating apparatus is shown in Fig. 1.

The parameters of the 1R heating and vibrating appar-
atus were sct as follows: haight of IR heater (distance
between IR lamp and sample) was 150 mm; IR power was
2100 W. The vibration of the sample tray was controlled
at 25Hz frequency and /.1 mm amplitude. The sample size
in this experiment was cxpressed in terms of the sample bed
depth of 15mm, producing 350 g of parboiled paddy, which
was adcquate to conduct quality evaluations

The sample tray

Quality Determination of High Moisture Paddy Under
IR Heating

The soaked paddy at 30% wb was heated using 2100 W
¢ umes of 3,5, 7,9, 11, 12, 13, 14,
‘. The paddy samples were then
mperature for 4h. Next, they were
dricd under shade 10 11% wb and finally kept overnight

IR hcating for exposus
15,16, 17,19, 21, and
tempered at room e

IR Reflector —IR Lamp

—Tempered Glass

Adjustablic Speed “ @‘i Sample Tray

Motor

Helical Spring

N
/ |
4
<{‘ Ty
AP\
yase
\ 7/ \

FIG. 1

vibrating apparatus

Schematic drawing of the infrared radiation heating and
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[ High moisture paddy 1

A

IR heating at 2100 W for
3.5,7.9,11,12,13,14,15,16,17,19.21 and 23 min.

A
Tempering at room temperature for 4 hr.

4
Shade drying to 11% wb

y
Milling yield determination

y

Quality evaluation

FIG. 2. Experimental design for quality cvalualkLn of paddy parboiled
using infrared radiation.

before milling, and other qualities were evaluated. The
qualities of the paddy samples were compared with conven-
tional steam-parboiled paddy and with untreated paddy.
The experimental design is shown in Fig, 2.

Study of the Degree of Starch Gelatinization by DSC of
High Moisture Paddy Under Simultancous Parboiling
and Drying with IR Heating

Initial moisture contents (IMC) of 30 and 32% wb were
used in this experiment. The samples were simultancously
parboiled and dried using a 2,100-W IR heating for
exposure times of 10, 13, 15, and 18min. The paddy
samples were then tempered at room temperature for 4 h.
Next, they were dried under shade to 11% wb and finally
kept overnight before milling, and other qualities were cval-
uated. The qualities of paddy samples were compared with
conventional steam-parboiled paddy and with untreated
paddy. The degree of gelatinization of rice samples by
differential scanning calorimetry (DSC) was determined
and compared. Figure 3 shows experimental design of
simultaneous parboiling and drying with IR heating.

Quality Evaluation

Dried paddy samples were evaluated in terms of color.
moisture content, milling evaluation, and chalkiness.

Moisture Content

The standard oven method was used for moisture
content determination of gaddy samples. The samples were
dried at 105°C for 24 h.13%

h,l KITRATTANAPORN AND NOOMHORM
|

1' High moisti ¢ paddy 30% and 32% (wb) ]

A 4
IR heating at 2100 W '
for selected 10, 13, 15 and 18 min. I

A

Tempering 1 room temperature for 4 hr. J

— ‘ ‘
( Shade drying o 11% wb !

[ . .
[ Mitting yield determination 1

[_ou

FI1G. 3. Experimental i
infrared radiation.

4
. evaluation and DSC —]

+1pn of simultaneous parboiling and drying with

Milling Quality Fviilwiiion

All paddy sampic were dried under shade to obtain the
same moisture leve! dnder 12% wb before the milling rest.
Milling quality tes based on a 250-g sample and was
dehusked using a rubber roll husker (Satake, model THU-
35A, Japan) and w olished by abrasive stone (Satake,
model GTM, Hirostuma, Japan) and graded by 6.0 mm
mdented cylinder tcst rice grader (Satake, model TR G-054),
Milled rice, head i vield, and broken grains were calcu-
lated by percentage sud the results were compared using
analysis of variance « A NOVA).

Color Evaluation

The color of part:oiied rice was measured using a Hunter
color meter (Hunter! ab, Colorflex, Reston, VA). The color
was given values of | (light-dark), a (red), and b (yellow).
Only yellowness (b-vaiue) was considered a major quality
of parboiled rice. The whiteness of paddy was evaluated using
the KETT whiteness ester (model C-300, Tokyo, Japan)

White Belly/Chalk i

One hundred sample grains from cach treatment were
evaluated. All types of chalkiness were measured as a
percentage of chalkiness

Water Absorption
The method devel
modifications, was u

ped by Sangnikornkiat,®¥ with some
wd to determine water absorption
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' Pasting Property = Muliare content efer garbolling N
Pasting property of parboiled rice was qctennincd using a 30.00 - - |
'Rapid Visco-Analyzer (model 4D, RVA, Newport Scientific i T
Pty. Ltd., NSW, Australia). The viscograph was recorded £ MR e SN
and expressed in terms of peak viscosity (PV), breakdown 5 2090 ) TN .
viscosity (BKV), setback (SBK), and ﬁna{ viscosity (FV). £ 1500 - / S \‘\\\"
3 0~00 + = ——— SDT—— "
Degree of Gelatinization \ - 15 . -
Thermoanalysis of rice starch by DSC (model-3, Perkin 00
Ltd., Norwalk, CT) was conducted to determine the degree 0.00 = )
of gelatinization of starch. Calculation of the thermal para-
meters for starch gelatinization is shown below! ¥ 80.00 == Milling quality f
@ 70.00 o B a B e w . o —~—— A
e o » AH arboiled...rice 3 60.00 N S .
Starch Gelatinization (%) = |1 - - l;l — % 5000
raw...rice & 40.00 |
o 30.00 ‘
Energy Consumption \ b f;’ﬁﬂ |
The electrical power required to carry out various 0.00 o — ]
operations was measured in all tests. Encrgy consumption T S R W I
for soaking, stcaming, and drying of high-moisture paddy SEEEE FFF TS ”’? & v
could therefore be calculated separately. &\f

Data Analysis |

Results of all quality evaluations were analyzed for
significant differences among the various IR heating
exposure times and the control factors, untreated rice,
nd conventional steam-parboiled rice, using ANOVA
nd Fisher’s least significant difference (LSD) at a signifi-
nce level of 5%.

ESULTS AND DISCUSSION

uality Determination of High-Moisture‘ Paddy

nder IR Heating

The soaked paddy at 30% wb was heated by IR at
,100 W for exposure times of 3, 5, 7, 9, 11, 12, 13, 14, 15,
6, 17, 19, 21, and 23 min. The qualities of paddy samples

mpared to the untreated paddy and the conventional
team-parboiled paddy were as follows.

oisture Removal

Moisture content of all IR-heated saanles decreased
ith increased exposure time as shown i Fig. 4. Under
R heating, 10% of moisture content was removed within
4min. Half of initial moisture content was removed in
9min, whereas 23 min was required to remove two thirds
f initial moisture content. In fact, the moisture removal
ccurred after IR heating due to sensible heat during
empering. This phenomenon took place due to enclosing
he paddy sample tray with tempered glass; the vapor
eleased from soaked paddy could not easily escapc
)ecause moisture content was removed i mediately when
he tempered glass was opened. Vapor fr(?)m paddy under

e B e O S o W . W RO Gy

o

C o e

igh temperature continued to be release during temper-
ufg at room temperature, in contrast to the conventional

FIG 4. Moisture cont hange altcr IR heating at various exposure

1 head nice yield, HRY (below).

times (above) and eflect

steam-parboiled sarmple, whose moisture content increased
more than 2% after the stcaming process. The efficient IR
heating shows a high rate of moisture removal. As expected,
high IR heating o 100W cquivalent to 46.7 kW /in?
IR miensity showed 4 faster drying rate and consequently
horter drying tune,  consistent  with
arch 121,34,35]

resces

prévious

Miiling Evaluation

A IR-heated samples gained high head rice yield com-
i to the raw (about 35% HRY) as shown in
4 The samples inder IR heating at 5-14 min showed
the huphest level of HE Y range at 66-67%, which was lower

than the conventionil steam-parboiled sample by about
1" The samples 15-, 16-. and 17-min IR heating
deercased HRY abou (ranging from 64 to 65% HRY)

and shightly dropped to 62-63% HRY for 19 and 21 min
ot 1K heatimg. The minimum IR heating exposure time of

min gamed 59.4¢ HRY and the lowest HRY was
50.90% for the saviple undergoing 23-min IR heating,
IK-heated samples showed an incresing milling yield caused
by pelatinization of rice starch, which is similar to the hot
air fluidization technique.B%37 Ay stronger structure of
the rice kernel was obtained during IR heating,

naicator of |
ness vhite bell

quality parboiled rice is the chalki-
aused by incomplete gelatinizaton.
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The experimental samples showed no chalkiness i the
grain, similar to conventional steam-parboiled rice. This
occurred as a result of using maximum IR power of
2,100 W and covering the sample tray with tempered plass,

which increased the temperature in the tray to 100°C. This
was different from the results of the test unit without tcm-

pered glass in which the temperature was 70°C and vicled
2-10% white belly in all samples.

Color Evaluation

Color evaluation focused on the yellowness and white-
ness of grain as shown in Fig. 5. The yellowness (b-value)
of parboiled rice under 100kPa stcam for 10min wa. (he
reference value, and raw rice was used for a whiteness ref-
erence. The results showed that samples under IR heating
had a lower b-value than the control sample (steam-
parboiled rice) at 29.7. Tests revealed that 3-min IR heat ng
delivered the lowest b-value at 22.92. The b-value of sam-
ples ranged from 23 to 25 for heating times of 5-19 inin.
However, after 19 min of IR heating, the samples showed
b-values that rapidly increased and approached lcvels of
the control sample. This was especially true with the
21- and 23-min IR-heated samples that showed a mix of

6L et
oy Cadewsr (D aimq; gmd ¢ &
s
-
wes
\“.. ‘.‘......"‘ -
§ie0 A 0 ¢ etme—g o o o7 e *
=
0es
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G.5. Yellowness and whitcness of paddy sample under IR heating at
arious exposure times.

LIKITRATTANAPORN

= Water absarption g/g milled rice

£t

Sotid lass

L heated samples und

Flds

vd

for

i 6

Viscosity RVU

<1 NOOMHORM

790

65.00

=3

4.00

=4

>0

1.00

0.00

Parboiled 1
compared to stear

Hater absorpiion

tmples under (R heating at various exposure
irboiled rice and normal rice

&g S, i mmiannn —
Solid loss
0 - ]
! A
A o B —
I S0 // e 5 '.1:?,’—0‘:._ -
100 —

0.50 i .
0.00 +—— S A . N
s ® S P P .

(e"@?@&@f@« ‘ 4”‘\,\& 4 &\.\& \qo‘«“‘so @
: VTSIV eSS Ee;
«
<%
‘_\“
Changes in w absorption and solids loss during cooking of

150

150

OUS eXposure time

min

8. Viscograph o

arious exposure times.

/ Raw rice
/

_-3mia IR

_ Smio IR
—~ —7mia IR
7 19min IR
2imin IR

—~ 23min IR

Steam PR

gy Mt Scientiic P L1
4 8 12 16

Time (min)

we flour and rice flour under [R heating at
boiled rice flour under steam of 1 ko /em?



7€€8 61 09SyFES6E  SUEF6rE  6U8yFR06T  pEOTO8 pe weas) dwes (01U
20°65 6Ly (60FLIOIT  SOTFOSTT  00TFEEI01 SO0FIH¥YT Ll arw g1 ‘A 001°T %e0€
81°S $T'S (51 FSOEIl  €SOFLYEl  8SOFSSIL ITOFLIEL )0z arw gl M 001°7 Ya0E
9°6v 68'S CLTFSTSTI 00EFSSTL  pSTFEBET I90TFIST w ww gl ‘M 001°T “%0¢
1TLs PEL 6L6FTLSVL  PITTFLOE £'LF 85 LE 1 pT urw o] ‘M 001
(2
: 91 FT69LF  STHF 691 FLY'19€ 670F 891 (4! el s [01U0D
y (-3l (nal nAg) AJs0od
uoneziuneen Adjeyiug  ANSOOSIA [BUL]  -SIA umOpyEalg  AlIS03SIA yE3( am

DI

[ 479V1L

o0 YA srdwes pareay-yI jo £112doad rewrayy pue s

onadoxd Sunsed ‘uonen[eAd saniend

L

CPoswio ~ =

PR £

[ = P e

Feocowem

oo o messsil@ecanvie Bewcos? Fa mammncess o ==




cr o T G 691 F 1768 860+ 6¢ 11 €90 FroeR QLOF LSYT 0507 09°09 9¢’0F06°L1 M 001°T ATt

£T' U8 T8l 11F0001 88°6 F Y068 STOFOLVT  PEOFPSYY  L80FTE 0T A D0T'T TATE
arur ¢ |

o
¢
<t
>
[ele
H
o
c
t

78'¢9

! 99¢ 1 | Fvledl ZT0F L98LI 6L0FPLIT ¢I'0F0r 69 €E0FEr st "M 00T ¢ Yelt
I . e

funesy uauIIeal |

(2%) (, 30 nal) (NAL) AJSOD nad ,
uonezZiuijesn Adpeyiug  ANSOOSIA | umopyes1ig NNV Ned SSAUMO[RA

A O

AT %€ yim sopdwes pareay-yi Jo sanpzadoad [euayl pue sorpzadoad guysed ‘uoneEnjeAd AnenQ
7 414VL

s wuw Prowiw w® @ as® w o Ponen asnsnsew Mlevasessaaw o= Lovmom + wmw = )u-ll|h~4l|lit°t|(l|- P o amacmsmeen o1 ™ =

\Tl




b Sy R = Attt SNy S - emaa gy Sestirbisoy e - e e ey

1074 - | LIKITRATTANAPOR v

for the raw rice sample and convcntic;jal stecam-parbotled
rice. Ali and Bhattacharya®® indicated that the low level
of viscosity could be explained as a result of the higher
degree of starch gelatinization. The raw rice sample showed
the highest viscosity with nongelatinization, whercas con-
ventional stecam-parboiled rice showed thc lowest viscosity
with complete gelatinization. To indicate the level of pela-
tinization from the IR-heated samples, Lhe methodology in
this research followed the work of Marshall et al''" -rom
the experiments it was discovered that the degrec ol starch
gelatinization (SG) was in the range of 0-83 3%. SG of rice
receiving 10-min IR heating produced the lowest value at
32.4% and the maximum value was 53.0% for 18 min of
IR heating, which was significantly different from conven-
tional steam-parboiled rice. Degree of gelatinization
depended on the moisture content of gL"ain and parboiling
heat, so moisture removal from grain during IR hcating
may have caused a lower degree of gelatinization. In order
to prove this phenomenon, an experiment with higher IMC
of paddy was conducted. Normally, when the moisture
content of paddy exceeds 30-32% wb, the hull splits open,
leading to excessive hydration and leaching as well as
deformed rice after the parboiling ‘proccss. Thus, the
IMC of 32% wb was sclected.

Table 2 depicts the quality parameters of IR -hcated
samples with IMC of 32% wb. The results revealed that
moisture content changed after IR heating; HRY . vellow-
ness (b-value), pasting properties (P‘#, BKYV, and V),
and degree of gelatinization (SG) were similar to the paddy
sample with 30% wb IMC. The moisturf: content of samples
after IR heating was slightly higher, about 0.5 1.5% com-
pared to previous results. The milling yield was also aticcted
by IR heating; 18-min IR heating produced a significantly
low HRY of 60.66%, whereas shorter IR heating ime
yielded high HRY. This figure was close to the result for
conventional steam-parboiled rice of 69.34%, cspeoially
for those samples that received 10 and 13 mun of IR heuting;
15min of IR heating yielded an HRY value at 64.54%, The
yellowness (b-value) of all IR-heated samples with 327 wb
IMC gave a slightly higher b-value compared to IR -hcated
samples with 30% wb IMC. The b-value of samples receiv-
ing 18-min IR heating had the highest valuc at 24.57. which
was lower than conventional steam-parboiled rice (28 80).

The pasting properties PV, BKV, and IV of IR -heated
samples decreased with increased exporurc time, consistent
with previous results. However, the 32% wb IMC sample
showed lower values of PV, BKV, and FV than the 30%
wb IMC sample. The pasting properties of the 1R heated
sample exhibited higher values than ¢onventional sicam-
parboiled rice as a result of partiangclutiniymwu I'he
degree of starch gelatinization in the 18-min IR sample
produced the highest value at 80.2%. This was <l to
conventional steam-parboiled rice (83.3%), whercas other
samples showed SG between 50 and 60%. The deprec of

|

\ND NOOMHOFE M

starch gelatimization measured by DSC of samples heated
by IR increased with increased IMC.

The energy requitement for producing 1 ton of parboiled
paddy using IR heating and the conventional steam-
parboiled process was estimated between 1,499.8 and
1.524.7kWh, indicating considcrable energy and cost sav-
ings. These figurc: cxcluded the warm-up time and power
input of the stean yenerator. It was discovered that during
the parboiling process IR heating consumed twice the
encrgy but the drying process used less than 2.5 times the
energy. In addition. moisturc removal due to sensible heat
during the cooling stage without consumption of cnergy
was a very significant propomun.m) For example, under
14-min IR heating lcss than 1% of moisture content was
removed during heating and then nearly 10% of moisture
content was releascd during the cooling stage. 1t can be
concluded that elirnimation of the steaming process reduces
energy consumption consistent with research by Dash!1%
and Pillaiyar ct Energy savings under IR heating
was not considercd sipnificant, yet two advantages were
revealed: Investmont in a steam generator was not neces-
sary, and fewer drving stages were required.

CONCLUSION

The locally desipned and fabricated infrared radiation

heating and vibratug apparatus was successfully demon-
strated for parbotling paddy to meet the requirements
of moving gramn dunng the heating and gelatinization of

grain IR heating 2100 W (radiation intensity of
46.7kW/m"), selecied exposure time of 18 min, and initial
moisture content ol 22% wb showed optimum qualities with
IR parboiled rice near-white rice appearance, significantly
improved HRY acceptable flavor quality based on the
pasting  property (RVA) and degree of gelatinization
(DSC) compared 1o the untreated control samples of paddy
and conventional st

ples yiclded low moisture content, which could reduce energy
costs; however, that simultancous parboiling and drying
could reduce the process time of conventional steam-
parboiled rice by two thirds was statistically nonsignificant.
In summary, « process ol sunultancous parboiling and

)t 1R heating should be developed
otted rice processing industry

drying through th
and apphed mn i}
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