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BOONPIPOB TEJA: INNOVATIVE DESIGN OF PARBOILED RICE PRODUCTION SYSTEM
WITH HIGH FREQUENCY ELECTROMAGNETIC WAVES.
THESIS ADVISOR: ASST. PROF. DR. THANASET THOSDEEKORAPHAT, Ph.D., 100 PP.

Keywords: Parboiled Rice, Microwave Heating, Microwave Tunnel, Wastewater.

Parboiled Rice has been a key export product of Thailand for a long time. On
average, Thailand exports approximately 2.7 million tons of parboiled rice annually, with
a value of about 35 billion baht, accounting for around 25% of the country's rice exports.
The quality of Thai parboiled rice still has room for improvement, as the cost of Thai
paddy rice is lower than that of key competitors like the United States and the European
Union, both trading partners and major rivals. Therefore, parboiled rice is a product that
should be promoted and developed further. The competitive landscape has driven
Thailand to improve the quality and production processes of parboiled rice, as well as
its value-added processing. Parboiled rice production involves enhancing the quality of
paddy rice, particularly low-polished rice, to reduce broken grains during milling and
increase nutritional value. This process begins with soaking the paddy in water, allowing
nutrients and water to penetrate the grains, followed by steaming and drying before the
rice undergoes milling. Steaming gives the rice an appealing yellowish hue. Currently,
parboiled rice production involves multiple steps and lengthy soaking times, as the
water must be heated to the desired temperature before the paddy is soaked. This
process also consumes a significant amount of water. However, advancements have
been made in the production process, including the use of steam spraying during
soaking, hot water steam, and hot air drying. Despite these improvements, the physical
properties of parboiled rice grains still have room for enhancement. Parboiled rice can
be categorized into two shades: dark and light. The difference in color arises from the
nutrient transfer from the rice bran layer to the inner grain during the soaking and
steaming processes. The traditional parboiled rice production process comprises three
main steps: soaking, steaming, and drying. However, this method generates wastewater
during the soaking and steaming stages, which requires treatment and leads to increased
water consumption, time, and production costs. To address these challenges, steps have

been taken to merge the soaking and steaming stages into a single process. Innovative



approaches, such as heating with microwave energy followed by magnetic induction
heating, have been tested. These studies aim to reduce wastewater from the parboiled

rice production system while maintaining the quality of the final product.
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V. Chuwattanakula kagmy (Chuwattanakul & Eiamsa-ard, 2019)lavin1snaaau
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Lifinsaatesiidanisuyudhenisiuinde) (FBD) musiauildlumsvagey (U*=U/Umf ) 7
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Siti Zulaika#1, Rosemizi Abd. Rahim wazAniz(Zulaika & Rahim, 2018) lavinnns@nw
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1AMTIEANTUGY oAty gumRfiFuiudy uiilefisnadl 4 - sundi gumgiitsy

Y

o
AN

24  wiTefiieatesiunisuandai

Saniso NS LA MUY (Saniso, Prachayawarakorn, Swasdisevi, & Soponronnarit, 2020;
Shen et al, 202Dlgvn1sneaeulieafunavesnisnandadslnglifldmiudousioniseuusi
maamaumaiuiﬂmwLuaamﬂﬂ'ﬁvmuﬂ’ﬁmﬁmqummmaﬂwuammL,Limuamaz fiumou
mswdsgunasduney mAfeiluaueTRlmlunswdnimildnlnglideddletuasidunou

n1suussudesas lngldinatiaiiauainisseuwiiwuungdladiuadigausoutglulasiam

[ = 1

(MWFB) draiudenituganssays 1 avgnudluirfounsu nntuiseuwidagldaumgil MWFB

9 Y

[ [

111-169 °Cuazidslulasiinad 2 Tadse 1 nfut1ddanidun wanismeasuwandlmiiu

a

msalulasivegsaiilondungl 180 AUNALALSUNTLUIUNITOULIAIALYIELALTATING

auwislafmeillodnsnisevwiseglutgednsnanasnsusnvintduiazaiunsoyievinliuds
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USnamnuanduiamaatiuld JenisevwiesisansouazyliiAneaarfuldeinuin lu
SEMINNTEUINITOULAILUY MWFB Taseadrandnedn A azanadluvasiinoundndesilaa-a
Unvda V Aty Usinamanandudng anududiun (A a*) wazanandudmaes (i b*) sty
Tusaugiimuaini 1) wWasuwadussninsniseuwsis iednwinuaimsudniavesinnis
nseuLRitdendiudinl3asdeslifinia 22-24% db waysnududewhiuneusuliuis

NAIIINNITOULI

Air circulation
?=14 cm

Paddy inlet
Magnetron positions
(Backside)

5UT 2.6 wnuiavasasetaut it MWFB
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A Rawrice B Soaked rice

o FB111°C D. MWFB111°C

E FB149°C F. MWFB149°C

G.  FBIGYC H.  MWFBI6YC

1%
o a

JUN 2.7 AveatnaAenudtinIumMseuliees FB uag MWFB figaungilennelunsauwiis

Y

111, 149 wag 169 °C Iagldnszuirunisoulnunds (mm%ui‘fu@mﬁwasﬂiﬁ 20.2-23.3%

d.b.

U1IAUTAT L* 77.27, a% -0.13, b* 17.16 Jauansliiiuitduniusiidotignuail 70 °C

'
ISP

Wunan 5 99lus e L* anaadu 72.88 sausdien a* waz b* 1indiy wansdadnduduuasziiaiy
AnauINTu FuinaINN1TAREUEYRIANTELAL U TSEIUIINY FEUTNTOURAINUIT AT
L* anad sfini a* wag b* LTuTun1useesianauie neniseudl 111 °C vialidnig
Waguulastuidnies usigaumgll 149 °C wudiniswdsuwdadluen a* uay b* TmudAgy
X a4 o Y < ] ¥ ! [ a s | (%
WU Teaemgdiadnsviiiiusiueieg an L* 1umsdimesilisenssuiumsaiusousnn
d' A % a = Y a N a
Ngn e a* war b* Aedn1saamngiigunassreziiaruiuieliianisiudsunlandl

LY a

WedAyt1wienig MWFB figaumail 149-169 °C Hdnesinsaiuaiudenisiunain nedl

Y

A1 L* aglutne 62.8-63.06 Feldunnsnsaindramisluacndanigizg
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NANNISHAZNG L NNEIUD

3.1 umi
lunisTimsigrinazesnuuuaseszvunantiilalagldndsnuaiuseuainaiu
wimdnlwiaudawmaznisivierauiuwininalsaudas weanuilunisnand1iils

Vunszuulilugamnssuiazantunaunsndndnisas dsanunsoudadudiuddgladdiu

il

e

1) wanmsuanguinestesiupiuwdmaniniianudas

[ aa A ¥ [y ~ ' 13 d‘ o
2) vaNNSkAENg U NI T0NUNITMTEIEUINLINENAIAUDZIMAES
3) MaNNIsKaTNENNEITITUNITAIElaUAILTaY

o aadd v | as a Y = Ao« 9
4) vannsuaznguiingttedudinresnisisnisuantitamileglulagdu

5) d3U

1
=

o aa A ¥ Y a ]
3.2 Wﬁﬂﬂ'\iLLagﬂq‘Uﬂ%Lﬂﬁl?%@\‘lﬂU?\‘i"\]ﬁﬂauLLﬁJL‘I/iﬂﬂl‘l/\'ﬂ']ﬂ'ﬂ&lﬂgﬁ
mslimnuseusemdundivaninihanudgdugululasam (Microwave Heating) vlu
nsliaudeutuinlaenss dudussrusenouniwesanuduludnlaeg1esamsa Tunis

2anLkuUULAS aalAuSaufl8ad ululasndy wurd uauiuveandsnuliinasndsau

% 2 v

1 < [y A 1 [ Aa < Vv < =] [ =
LV NDYRIUNU %QQ@L‘UUQ@‘ULL@JL‘VmﬂVLWﬂ’WINﬁ’J’mLi'JWHﬂUﬂ’NNLi’JLLﬁx‘i UANTUNINEGLUDUY

Y

was waitlngdsaudesndt indeuiluguuundu dedurdululasiniggneuazgnasiuvsoge

Loy Juivingauilulasnwinufizesendnnisineulagende wsizdndulianand

(__DQ

Frunegitvanedunis TuanavesiluingivasFesesdlidussdeou Woldaniesils
Aandululasialudananudu luanavesiazniugaduadululasion feduluunid sy
dnauengui i satestuauide Geusenousneiadendn Taun noufvesadululasi
anauRvesnaulilasim viethadu nueuesnisunsnsznendu uazmimesiiieadosiu
nslndeusendululasim sinnginisesnuuuinissuasyaaeulvianumzauuas

IS a a ! 14 PN = Y a :.I/ 1
fusgansamsemsldnuuinian Feazlaesureluduneusaly
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321 wquijvasadululasia

Tuanavesdn H,0 Ysznoudiglalasiau 2 ezmeududiuin wazeandiau 1
azpaulutnay Wedidnnsaunisluszranveailasundnuainauulniivesrdululasi

wnwe zvilidianaseungaeenuaznateidudidnmseudasy wddwuiveznoudiudes il

UmamwLﬂmlmuwawumemuamﬂwumamm Qﬂ‘ﬁu

Y

sUt 3.1 wuushaedlnanavesi
“\

? &3 %)

6%

JUT 732 T,:,JLaﬂasuaﬂmmL‘Uaaumaaﬂﬂmamﬁama

adululasiadaud egluyas 300 MHz §19 300 GHz Fwdugrenudvildluwoy
awnasuresrdulimaniii TneflaunsnldluniseSurengAnssuveseaundivaniai A

dunisudnma (Maxwell’s equation)
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VxE= ﬂ (3.1)
t

Uxii=g+ D (3.2)

oD

V-D=p (3.3)

V-B=0 (3.4)

1Y Ao Mmsdunisiaesiaud

E Ao aunlnii

B A9 ANUMUILLLTRINANTLwan

H  fo anuduvssaudlai

J D ANUNLILLUTRINTE a i

D feo anuvuinduveananglln

Joj Ao AUNUIRUUYRIUEREsY

[

1 1 oA a X 3 [ a 1 A Ly Ay !
AANUIDUNLNATV UL U UNANIANNDATNIYT 33‘1/1’3']\‘1ﬁa“L!llliﬂ3L’3WﬂU'ﬂﬁ@VlG]8\‘1ﬂ’ﬁI®‘c’Jﬁ’Ju

9

vosaww iz lilaanavesiuinlnsilsigduvilvidn Dielectric permittivity vesdanlag

< a a ¥
anasnleulanuaunis

Tnen

EEE

g6 2¢ (g - je) 55

r

£

o AUesnRInvesWIaLUS801A 1A (Permittivity of Free Space)

(-2

AWNIAY 8.8542x1072F /m

jmd)}

(% v 6

UWNS (Relative Dielectric Constant)

'
1 I

Ao APnladidnasn

P

a A v v 6

NioALUOSIARIAAUNNS (Relative Permittivity)

Ao AleBianmsnasauniAmasduims (Relative Dielectric Loss Factor)

j=T
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| o &
nsmansazvioundululasiam

y=a+jf Hwhedu N, /m (3.6)
a Ao AduUszansnisanneau (Attenuation Coefficient)
B Ao ArAsTia (Phase Constant)

ABNSMPNULNIAAU A

A= (3.7

<
f

8 m
L 3%10 A

 2.45%10° Hz
A =0.1224489m.

e C Ao AUSETAMINAU 3x10%m /s

9

f=2.45%10" Hz

3.22 auautAvasraululasian

1) mMsazviaunau (Reflection)

[ A

paulalasilensenuiuinanidulany nsedruniesrUsenauvaslansy

9

mavaghiansonzqrulansle uavazagriaundunavun

o o
AAUFLNDU

3318 A U WUREEVaU  ygesntuarviou

JUN 3.3 MsagviouveIndy
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2) ANS&9WU (Transmission)

raululasiilensenuiuianilalelave wu uin 1l wsilin wanadin was

(% £
v [y 1 a v

) £ a 1 Y N = I o
N3¥AY LUAY ﬂﬁu%%ﬂ’m'ﬁﬂ%%qm’]ﬁl@ AUU ’JEWIL‘Via’]‘LlfilQuEJ%JITLIJNﬂW‘ZJU%IUﬂWiUWIUﬁ@

ATy
3) M3gAdy (Adsorption)
aaulslasmidonssnuiutaniitiwionutunmely aduuisdiuazgnga
Fulivhlilinanavosnigedundsnundu uarduufeudundsnunnufounusn rudins
indoufivesluanati SeiliAnaudouldisuiy Wendulilasvivdgngaduazaaisd

v = 1 ¥
it lddnisanaslugn

323 viewedu (Waveguide)

nvilng (Waveguide) wsoimiethaduiiJuanedsdayarauwuunilsnldlunisds

<

= o gy ] & = ° = a o
ﬂau‘llliﬂimw I@ﬂmﬂlﬂﬂgmaﬂﬁmgLﬂUW@ﬂaN RN ARIY/GIY I@SWWNWQWﬂW@QLLﬂQV?@@SQNL‘UEJ

pmt

'
o = o o td

wazneluagarumeRuiioidudniig anwsiasihdyaaazsesinduvednuuguin

9

17
Yyaa a o a

' 44' aa N a o o v v °
LT3N ﬂaUINIﬂiLQWV]NﬂUWNOqquqﬂ'ﬂgl’@quﬁlﬂﬂm FLIEUNWUNIVUBINIUN ﬂ’]cl/i']ﬂisﬁﬁ']ﬂuq

doyayrauvuialvasiliianisgadeanasnuld Sadndudewiiduaiietdesiunisgayde

% '
a

o A a o o A v Yo ¢ a ! o
WAWTUNWUNIVDIF YA Y eYEd ?‘n']lmWTV]q@mﬁ’]uqiﬂiﬂjﬁquvLﬂﬂUL'JWlﬂ@LﬁEJﬂ'J'] AUDARDDN

v a

FeanudfgainaunAnee azanunsaliunig vunnlndld diuanudndindidasliananse
WunuunInlnala Tunsmunisvesraululasnnlunnlndtu agmuniadaenisasyiountavie

waziiungldnuaNueITeialIndY kagaudnandnazasaaunslulalnandininud

i aeadygaluastaemillinaglifivssavsnmlunisanaleundsnuuivanivi

'
1y o w

Neuanudlulasiinil sgndnulzgnudesesnuilagnsud$ed wesnaudlilagndiin

Tunn q dru lvanglanenilgalusednsamuinnitange rdyyialunisdeatendany

A7)

waman I wszin1sInvaULRALFL

3.2.4 WNAaNIENUNNN

N1IMAMANTENUNRL (skin depth) LienAdauANEINITAlUNTNEANEAN
yanaululasIniinszyiiuTan Stainless steel wlin Austenitic stainless steel, 304 Series %11

Taanaunisaesaluil
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2
s= |2~ (3.8)
wpL
M= Ly pl w=2rf
Tnefi
S a0 1 o 2
p A Conductor resistivity (S /m) fAniiu 6.90x107 (N /m”)
0] Magnetic permeability of the material (H/m)
g, Ao A WAy 4zx107 (N/m?)
w4 P8 Relative permeability ffwiniu 1.003 4 7 @enageaauily
LNUAT
2
= |—P (3.9)
27 f iyt
2(6.90><10_7)Q.m
5 =

(27r>< 2.45><109Hz)(47z><10_7 Jy 2j(7)
m

U S =32um
INATAWINMIAT Skin Depth asulsinanuanansalunisveanzaisesniuiiannios

wnaulianunsanzarudanilglule

325 Tvuavadnisuwinszanendy
1) n3waisadidnainim (Transverse Electric Wave; TE) 3oi3eninnduilil
wwraudliInaene feaunuuindn (H) fdwusznaunsannnestesaglunnu X uay Z
vosaunliin (£) vienandndenisie lifaurnluilufidvosnisuninszarovesnduusil
awzausuiwdnlufismdu dufo
E,=0, H,#0 (3.10)
2) nsruaIfanunumsnan (Transverse Magnetic Wave; TM) #3eiSeninadu
filunauuuimdnauung Sseunalviin (€) fdulszneuvidennnasdovegluunu X uas ¥

YosauINwvan (H) vsenandnienils Ae luflawiuwivanluiaueinisunsnszatevanau

wodlamzauny i luieniadu Tude
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H,=0,E,#0 (3.11)
33 wdnmIuazngqufiiieadesiuisasmieaiusimin
Tundnnstivaiduiionldidusdiglunssunshnuresismemdnmsfiiiuan
dudwiazaduvasiidaanufou iteflazthaudounlilunisdananuduresdn las
nsgvaunsliaudounuumisnhiifunslienudeuisyaninmadudnguuuuiade
Wisufunsliaudeunuuraainamdeu esuuuudy 9 ludnvauzs AFeansliAnnm

Fouvwiunulagordenannismieni Suannsteuliihnssuaaduaudadviiuinaa as

JUN 3.4 Woedllwfihnssuaadulvaruvaainfagyiliiinnisassauiuudmdnlunedesiv

€

o)

anfinueaudAduansuivin (Feromagnetic) dawaliinnisindenivivisinssualndilvany

sgneluiantufiansatuiuiianisivavesnssualiihiilvaluveain nungierin esinlu

% Q‘I a | U

Janniluasuimanusazeinaziianusimumunssualiiy Gaudazeiaazdannusiumiu
nsgualniiniady auduniunszualwidviiifansgadondsaulunislvaves
nszuali Femungniseusnendanu Aendanuldamnsagymelulausansafsudla

[

v & [ = a A N < ¥ Aa X v v
Aetundanuigydeiifavasuslluiluanuseuninavulusaian

Magnetic field
Induced Current in Workpiece Current in Coil )
v &
> d \
Talallli

A 4

JUN 3.4 winnsiiansmllenhanuieu

lundnnisasiensewanudgeieldlunswienhlnfisanuiou MNanTINve99as

willgathanufou fgui 3.5 awnsawdanisinuesniuudentaezunsuld feguil 3.6 Tasu
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nunasIglnidinszhaaau 220 Thad AU 50 18599 JaulAnuI99ISe9nsema 39NNy

wlaswssiulninszuaadulidulniinssuanss diuisasnseussiunesinuednaazldi

19

v

Wulszuunalng iensaalninssuansslmseuiu waregliiuisesdunesinesdvim
wlaswssaulniinszuansdimdunseidulniinszuaaduanudgalagldniaiesled i

(Insulated gate bipolar transistor) innthiliuadndindaas iednglituynlnanslowuudds

ABLUUBUNTY
dlo.d'e buck conv. inverter |
rectifier |
— I | ‘ < Working
— * J T J < coil
] Lciz ld
AN
U 3.5 wasmileninnusou
AC ' | Resonant
Source Load
Rectifier

= [ N o 1%
;J‘IJV] 3.6 UaeNnlmezlAsNYeeasiuieltinnusou

3.3.1  ManN15a5192995mteUNANUS U

Tunrsasrasmilentanudausmsauiuivantnindulsznauniy 1935
\ a | P = Y &
gogdnranydiu Feilseazidunnanalul
1) 299sssanseualnviuuuuiag (bridge rectifier circuit)
19951 589n AL uuUsSaslusasssensenalwinuuidunaustnnil
= v

Feiltofne ausaldsuduntanlassssualalaglisndusedddnioulassinwumasuid @9

1933 senszualiihuuuuIndusznoumglalen 4 dq degui 3.7 Weilldygy a1t (input)
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Fruvanvesliiiinszuaadu laleadad D, was D;azegluaniizludanss (forward bias)
nszualwiihdslvansulees iindyananiesn (output) Inglalendadu aveyluannzluda
n&U (reverse bias) luvueadientu dedyaaandn (input) adududygruduavvestalon
i Dyuar Dy agegluannnzludanss (forward bias) nszualuiirdslnansuasasiindaym o

11980 (output) tnelalenddu 9 avegluaniigludandu (reverse bias)

V V
3 ; N
t ” T | >
input Brigge rectifier output

U7 3.7 Udenlneunsuensasisenssualiiiiuuuuing

\We9an9sisansesalniiuuuusadidunsasssanseualuiuuuiundy
¥ia NanN15AUILAIAIUAANS AT e wI Ml auAUIRTIS sansEral AL uULALAAY

s lusaunisi 2.36

v, =1616V_ (3.12)

2) 29958UB5MBS (Inverter)

Tud1ur9929958 U wes I uasN NN LUaslidnsznansslmdy

a I

nIzLAARUAINDANE 2 JULUU ARARTBUNIRTMBSHUUNAUTATLAL 19T SInaSUUUETEW
(% =<

U39 A93UT 2.14 B39ounni19iusenineiensBuliesineshuuyauinduaz19as duesines

Y

Aousaiuveasasdunesines (V) venvsuuunaviad aglisunduaunis Aflusaiuas

wiriu 7, uarussdusingawindu =V, nszuanulvan (i) Juguaiueeddagui 3.8 (n)

(3

dnnsduneswesenanuiadaslaaussiuringu 7, uasiiddaawintiu 0 waznseudlna

(%
&Y o w

Wulvan () Wuguadugetdguil 3.8 () daluiddliihvenasauiaddunesineses

11ANNENANUIAVDUNIDSLNDS
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(n) Buniesinesiuulauind (v) BuntesinesiuuaanuInd

JUTN 3.8 ARULTIAULAENTELALVAAYDINRTIULIBSINDS
1999777993 w871ANS D UMINA T A NBUL YD IAUULIIANLAZ N TS LA
Tyauduluunsehaadu (AC) AMUANITINUR VN TR NanTeNULT R (Skin effect) Ndanaln

| o @ A =~ v A A ) aNaa Ng v A o
mimzqmu’mq%aﬂaumum LAAANAITUANAINAUNAITUDF NN SLUﬂimmsﬂuqqumiﬂquﬂﬁuq

Anusoulidnvasidundnumuduiliiensnsedredvesnsyualvaiu (Eddy current) 71 14

A [y

whinlusgAuaudnisnaiu lngiinseiunuslnds wuRaingasiinszualvaiuaanuas anas
1508 9 aANUANRNTY 1n8L51a1315amIAN Skin depth (§) v3esrerAUENaIdail nTva
dlugvesnszualnilinidend aglnaseninsiuidinuanudnvesda § laan aunisn 2.37

1
muo f

V=V +W,+V.) (3.14)

dle & AeAranudndalunisveaniuvesauiuwiman ( Skin depth ), 4

5:

(3.13)

Ao Aran ndug ULl InanduRms (Absolute magnetic permeability), / AoAIAIILD VD9

auwlvaniay o Aemanmidiliin anansamlaainaunisn 2.38
Tagf p Asrranmduniulain Teranindruniulnfrveandnd
AT 10x10° 9 14x10° ToRu-luns (Qem) 1INTNGNNITIAU (Qem) 22L9AUlA 187

WINSTINIIAILANAINATEINIYINIL anidunisAIuANsEAUANENYe T UL ARSI

WnAusauls
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3.3.2  vaaslwuud (Resonant Load)

[y a

dmiulvanslowuudnldiuiasduneiinesanudgadaenaluigu tases

waoulnay wIBsyuLlsilans wseaisauuwimanuiieni wisudeunuias wasda

s [ A =

anandidnnsedind exilifeliseundAnfe annsagydelunsaindidiorinsainddnasd

o

L3

ﬂ'izl,l,afui‘ué (Zero current switch : ZCS) M'%'aaﬁmﬁaaaﬁﬁl,mﬁ’uqua (Zero voltage switch :

¥ a A

ZVS) wagtaldeiUSeundiAnyueeasislowuudae Adaunddndayaanuiislowuudnsvualy

299598 AANWN AWAIALTITUANATENWITHANNUINTUME dnTUrasislauuudnila Q g9

Aty adndidenldazdosanunsanuussiunnasenvay OFF ligeuay LC Tuasiidenldh

wWuiuaziodlvuialvegiieaunsaiundsnulaun dusvdunesinesislouuudinieiy 2

yinfe dunesmeasivanslouuudyiinounssuiarduesnosivanslowuudydauuiunans

nsilssuisutafnaztaidyinsdunesinesivanslowuudyinoynsuiag
YUY
Ianwslaunuudaunsy
Uoh
1) lpssasiedng 51e190
2) @unsademadniinszuansalalnensainisasiseenssualaglufed
299505 ULI Y Addliihisnsanunsausuldielaensusuanuives
WATOUNDIINDS
Uoldy
1) vadoudyaaiiedurasdunesinesiasinanizdnisseantils
2) Lianunsanunisdnisasiinanle nsmuauidslnfilaenisuiu
aruifiaiadliideusannanudislonuud vldnssualiaeedy
sudumet Fudunaviilfiinesuedndlun
TuanLslouuug U
Uoh
1) vaedoudyaaiiedurasdunesnesivanaunsadaaseentd

2) AN1ONUNITANTNIARLS
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3) guUnsal L wag C ildlursanslenuudlidndudosdfidauseiunie
nszuage ilesnnnszuadugunduauns Jaild1 peak Asifisumas
EIRNIT

Uoidy

1) lanunsagnemdlniinszuansaldlnenssniniavsiseanssuauds ol
nsUsuusaiunsldaindauny

2) dndudiedl Coke desanidu constant current

3) Sluwelngiiileaand Coke uazasasmuauusuliinnszuanssuii

TiU29953UID5HDS

3.4 wqufiiiieadesiunsdislouainudou
dmunsiessitazoenuuuszuunisitanufeutvadedmilai eiidesidde
AN3AIIANTTE8TaUNE 191USENI1RsmT B AuSouiuena Sadudnuazyesnis
pszindsnudmsuszuuiidnislvanuuasda aunsawdsldiduasawuuiessuuiidniglva
LuURsELARDILar sEULATnsIvaLUUIaNEnsEuadsIUR 3.9 (1) uaz (1) auddu Tedde

1 Tuseninanssuiunsninisluawuunsdl Usunns 1a wasndsnunglussuuaziiannai

Mass out 1

| Control volume

Mass in Mass out Mass in

Control volume

Mass out 2

| | AR

(n) (¥)
JUN 3.9 szuuninisivanuunseuaiel (n) ssuundnislvalvunanenssua ()

N3AEWNIAAINTUIINTER g 1NARATURINNTTNIANUTDUTDIRINAILLANFNS
w0310 uloU9dIU (partial vapor pressure) i1 uvay (boundary layer) luusiiusesne

AadulaveseInAwarian n1ssemelagnsuindudlaanuaulaluiidaninduaiiudu

U558n17 9g1agulunsalvesniseuwislugayInia (vacuum drying) Wagn1TBULASLUULY
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ule (freeze drying) NMTBULKILUUAITNIAIUSDUAN1IZVOUAIMSUSATINITEENANUTOU

(heat flux: qJ) WagdnsINsseivie 1, zaglugy

Tne

Heat transfer ~ ——» q.=h,(T,-T,) (3.16)

Mass transfer ~————» n,=K,(B,-F,) (3.17)

I
T, v gumnniiennFauLAs
P

Vs,

v A® water vapor partial pressure of surface

Pvg Ao water vapor partial pressure of air

[ '
= (XY

wazANNaNnsaluNsIEeIsuRgAuUSIaANSauT A I Tudagr ue AT

Y

USunuanusounionawlussive ¢, aunsauanslaniggunis

Tnen

3.5

Heat transfer in evaporation ' q, =UAAT (3.18)

'3
1

) a £ o 2
U e dudssansnisanewmaanuiousiu W/ (m” - K)]
A dqj lﬂl 1 v 2
4 fo Nunaemanuiou [m”]

AT f wasiagungisenineansazaieiudinaenuseu

nannsiagnguinelvadludiuvasisnisuantiideniieglutagiu

¥ =

917914 (parboiled rice) AonanAmaa1nU13 (rice) Nlaannisirtadenuiusluuiau
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nsanarudulussuuuiogiivssanalaiiu 60 ssmuaiua Taofnunrvesimnoufiasid
\A3esegil 30 BariTalTya yhmssumniinfivdelneuszuin @1 W, Aevdwtnaarie
Fansw), w, ForwinEudu (lansw), Az, Aemutuiiudu (Wesifud) uaz M, Aoy
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y) A (4.5)
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Analysis and Design of Parboiled Rice
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Abstract - This research proposes the design and testing of a new
parboiled rice production system to reduce wastewater caused by
soaking and steaming processes as a guideline for making a system
for use in the parboiled rice production industry by combining
soaking and steaming steps. Part one and the use of microwave
tunnels for heating In the beginning of production, a specified
amount of water and rice are added 1o a heat-resistant plastic (PP)
box through a 2-level microwave heating process (Steaming), then
a drying process. ), then rest the steamed rice to set for a time 24
hours and enter the inspection process quality of parboiled rice The
use of microwave tunnels remains an attractive alternative for new
parboiled rice production. Because water is used in the first
production only once. can control the color quality Parboiled rice
quality reduces production time and consumes a lot of energy in
production as well.

Keywords— parboiled rice, microwave heating, Microwave (unnel

I. INTRODUCTION

Rice is an important crop of Thai ecomomy and
consumption, Because Thai people have consumed it within
the country It is also one of Thailand's top export economies,
where parboiled rice is a rice product. (Rice) obtained by
soaking or steeping rice in water to increase the humidity by
30-40%, some of the dissolved vitamins and minerals can be
inserted into the seed and remain in the seed evens after being
exposed. Scrubbed off Then steamed or boiled until cooked.
Then reduce the humidity (Dehydration) or (Drying) and then
remove the shell color, Parboiling is the improvement of the
milling quality. This makes the rice less broken and improves
the nutritional value of rice. Parboiled rice can be divided into
two colors: dark parboiled rice and light parboiled rice
Because the nutrients from the rind layer will penetrate into
the meat during the steeping and steaming process, the rice
will have different colors. Thailand exports the most rice to
the African market, accounting for 44% and most of it is
parboiled. In addition, the country exports parboiled rice to
many countries such as the United States and Europe.
Traditional parboiled rice production process comsists of
three steps: soaking, steaming and drying, with effluent or

Thanaset Thosdeekoraphat
Electrical Engincering
Suranaree University of Technology
MNakhon Ratchsian, Thailand
Email: thanaset@sut.ac.th

_—

Chanchai Thongsopa
Electrical Engineering
Suranaree University of Technology
Makhon Ratchsian, Thailand
Email: Chani@sut.ac.th

wastewater from soaking process and steaming process that
must be involved in water treatment, waste This causes
wastage of water and time, The friend reduced the time and
waste water produced by parboiled rice. Therefore changing
the process of soaking nce and steaming rice To be one step
By heating from the microwave At a water temperature of 60~
80 ®c, the initial humidity of 13 + 3 %, adjust the size Sem,
10cm and 15cm, adjust the blade angle 30, 45 and 60, the
speed of the microwave stator rotor 10, 20 and 30 rpm. The
microwave constant of 4.8kw was found that the final
moisture content is 70 = 5 % The operation of the machine
can reduce the waste water caused by soaking and steaming
rice by 80-90% compared to the conventional soaking and
steaming rice[1]

II. THE CONCEPT AND CONSTRUTION

A.antenna design

To design a microwave waveguide to ease the dispersion
of the microwaves emitted by the magnetron, we used the
CSTSTUDIO SUITE program to simulate the dispersion and
to see the optimum efficiency of the waveguide designed and
be applied in the next section[2]

Po= § =271&¢, " tend | E,,

|2

(1)

=
2

4 (2)

o=

D=t _ (1+(zans)’)
27(2¢e,):

P, = power adsorbed/volume

Dﬁ = depth of penetration

F = frequency

£

o

= permittivity of free space
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&, =relative diclectric constant

fand = dielectric loss tangent
E =

ms

(Ene=E0/(2)7)

i)

root mean square internal clectric  field

20 = incident wavelength

Fig.1- Antenna design used to propagate waves by CST
STUDIO SUITE program.,
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Fig.2 - simulated s l|param‘§e?s of the best antenna.

B. steaming system design

From the design of the rice steamer that uses
microwave heating, 2.45 GHz frequency, the machine is
stainless steel, rectangular shape, width 40 200 25 cm. The
cabinet has Magnetrons for generating microwave arrays. 6
together, power 800 w, frequency 2.45 GHz. And there is a
belt across the cabinet. to put the experimental sample There
is also a cooling fan for the magnetrons to reduce heat build-
up which can damage the magnetrons. The hot air from the
magnetrons are passed through the steamer to allow the steam
to drain. Install a microwave stirs fan with variable speed of
the stator waive of the fan to control the distribution of the
microwave wave[3, 4]

I
Fig.3- Microwave tunnel system used in parboiled rice
production

C. electric field diffusion
Using the CST STUDIO SUITE program. To test the
distribution of the electric field. Because high-altitude
electromagnetic waves have limitations on the penetration of
the waves themselves. It will only allow us to know the limit
of the machine when receiving loads in production[5, 6]

|

Fig.5- Distribution of electric ficld at no load

1II. RESULTS AND DISCUSSION

A.experiment example

The experiment was done using rice paddy, Surin one
{paddy length x width x thickness = 10,1 x 2.4 x 2.0 mm) with
amylose content (13-18%), paddy moisture content of
approximately 13+ 2%.

B.test to measure the heat absorption of water in a
microwave funnel.

Microwave heat absorption experiment released inside
the microwave tunnel By using 1000 ml of water. In the
experiment, all 3 patterns were used. Type | microwave
power by turning it on for 10 seconds, then turning it off for
50 seconds (Low power). Type 2 working by turning it on for
15 seconds, then turning it off for 45 seconds (Medium
power). Type 3 working by On for 20 seconds, then off again.
30 seconds (High power) 3 types of tests for 30 minutes with
results collected for 5 minutes.

Tt e 45 1o b B I Sy i by 5 o ¢ L

Fig.6- The graph shows the change in temperature over time
when passing through a microwave tunnel.



Ctest produce steamed rice
Take | kg of Surin paddy with 12-16% moisture content,

add 1000 ml of water, and steam it in a microwave tunnel
(MW) at a temperature of 60-70, microwave power of 4.8
kW. Two types of rice steaming were tested. microwave
(MW(standard)) Model 2 Microwave tunnel with agitator
blades (MWistir)) to see how the distribution of microwave
waves affects the absorption of parboiled rice may change the
quality of parboiled rice for 2 h. 30 minutes to obtain a sample
with a moisture content of 54% or more. The sample was then
dried to 14-16% moisture, then left at room temperature for
the grain to recover for 24 h. go color Initially, the heat after
the experiment and the color of the results were measured.
Thereafier, the quality of parboiled rice was analyzed as well
as the gelatinization level of starch.

7 - Measuring the temperature of the rice after coming out
of the machine

D.Degree of starch gelatinization(%D8G)

The gelatinization level of DSG starch is onc of the most
important thermal properties of parboiled rice. The results of
the gelatinization time of the starch in parboiled rice,
respectively. The DSG value increased with the increased
steaming time (from 45% to 71%) of MW (standard) and MW
(Stir) (From 52% to §3%), while the gelatinization enthalpy
(peak size) decreased steadily (from 1.35 to 0.56 1/ g) during
stcaming. The enthalpy 0.56 J / g for the highest stcaming
time. The highest DSG wvalue of 83% was found after
steaming 130 minutes, indicating that 17% of the starch was
not gelatinized. Therefore, the lowest enthalpy was found in
rice in the sample that was exposed to steam for the longest.
These results were agreed upon by the report, noting that the
DSG content increased during the brewing process. DSG's
experimental data were calibrated with autoclave time using
the equation. [7]

€

AH
%DSG ={1—AH jlxl(}ﬂ
(3)
YDSG — e degree of starch gelatinization

AH — e enthalpy change of starch in the dried rice (J/g dry
matter)

AHc _ the enthalpy change of raw rice starch (Jg dry

malter)

Where DSG is the degree of starch gelatinization (%) and
steeping time (min), respectively, during boiling, as long as
the treatment heat is high, the granulation dissolution
progresses sharply. In addition, higher moisture permeability
ocecurs during steaming to reduce AH or increase DSG. The
amount of gelatinization of starch is an indication of the
extent of the boiling process and may depend on the time and
temperature used during the process. Process

=== MWETIH)
= MWETAMD

1% & L]
steaming mmei

Fig. 7 - The graph shows the relationship between DSG and
autoclave time.

E.Color value

Discoloration of rice duc to parboiling is another
important indicator of quality. It is directly related to the
value market because consumers do not except parboiled rice
that 1s the darker rice. A positive linear relationship among
the color values and DSG of parboiled rice. The results
showed a significant increase in parboiled rice color values
(P =0.05) with a DSG increase from the equation (CV =
0.0317 = DSG. + 16.499), where CV is the chroma (chroma)
model. Linear model is the best model for value scale color
compared to DSG steaming MW (standard) color value
increased from 17.92 to 18.74 according to (Fig.9) and MW
(Sur) color value increased from 18.14 to 19.13 according to
(Fig.10), reported color value between 17.0 to 21.0 afier.
Steamed at temperatures between 60 °C and 90 °C. The
cffects of the brewing conditions on color and DSG were
reported by several changes in color during the browning
without enzymes of the Maillard species and conditions.
Processing determines the color intensity during boiling.
Sugar can also be released during boiling as the rice husk on
top is broken off. Subsequent reactions of the sugar with the
amino acids of the kernels cause the grain to discolor. The
straw pigment produces a color value by dispersing. Enters
the endosperm during infusion The color value of parboiled
rice decreased while its brightness increased. The lower the
trend of brightness will be intense at higher stcaming times.
Therefore, high stcaming times can lead to poor parboiled

quality. [8]
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IV, CONCLUSIONS

The use of microwave tunnels may be an alternative way
to produce parboiled rice by reducing wastewater, between
soaking and steaming rice The control of rice steaming of
paddy at 13% moisture by microwave propagation can be
divided into two systems: | MW (standard), ie the
microwave without agitator blades inside the cabinet, 2 MW
(stir), or with Installing a microwave stirring impeller inside

the cabinet for better wave propagation. from the analysis
results Increasing the degree of gelatinization of starch,
gelatinization of starch during the steaming period. Increase
rice yield (HRY') to get high quality rice. The rice should not
be steamed to less than 54% d.b. moisture, after which the
sample should be dried and rested before milling at room
temperature. because of the great influence on the color
change in paddy Brightness decreases with an increase in
steaming temperature and steaming time while both yellow
and redness increase. The golden color of the product is
obtained by steaming at higher power and longer time[9]
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