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SaufuLundu (WIR) sednuwaizniseuniiaias ﬂmmw“uawnwaaﬂaumemmm%u 12% §u
Wen miﬂﬂwm‘lﬂjmuﬂaaﬂwuq na 47 wgﬂﬂumﬂmuﬂummmu 25% gulen waznadudu
AT 10 mm AnudeesidBunisIsa Ae 734, 853 waz 952 W/m- ansAnsnussuiiiou
NFBURAHUL VIR fiun19euiialuudunsiandgayinie (VIR) tagnisouwiuuuausou (HA)
flgumgll  45-120°C e Han1smagesuanslfifiuIInsouwisuUY WIR 71 738 W/m” T#
WesiBudvasinifudanasiutgs (38.31%) dsdarlndfuasidudnlianniseuniauy
HA 71 45°C (44.07%) ognslsfinnu mssuwanuy WIR Widhsiniseuwisgagauinniiuasldiaan
Tun1seuwiesinga (0.0108 + 0.0003 o/g dry matter'min, 25 41l AMTOULKILUY HA (0.0018
+ 0.0004 ¢/g dry matter'min, 360 W1¥1) ATTBUWAILUU VIR tag VIR duilrtniuaonauiiiedl

gauniianlugae 40-50°C Tuseninanisauiiane
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Research Title: Paddy Drying in an Infrared Dryer with Vibration Bed
Researcher: Jirapomn Sripinyowanich Jongyingcharoen, Ph.D.

Faculty: Curriculum of Agricultural Engineering, Department of Mechanical Engineering,

Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

This study aimed to investicate the effect of vibration-assisted vacuum
infrared (VVIR) drying on drying characteristics and quality of dried paddy of 12% (w.b.).
The remoistened paddy of RD 47 variety with 25% (w.b.) and 10-mm grain bed depth was
used in this study. The infrared intensities were 734, 853 and 952 W/m”. The comparison
of WIR drying with vacuum infrared (VIR) drying and hot air (HA) drying (45-120°C) was also
conducted. The results showed that WIR drying at the infrared intensity of 734 W/m’
provided high percentage of head rice yield (HRY) (38.31%), which was close to the HRY
obtained by HA drying at 45°C (44.07%). However, the WIR drying provided higher
maximum drying rate and took shorter drying time (0.0108 + 0.0003 ¢/¢ dry matter:min,
25 min) than those of the HA drying (0.0018 + 0.0004 ¢/¢ dry matter-min, 360 min). VIR
and VIR drying also generated low paddy temperature of 40-50°C.

Keywords: Paddy; Infrared drying; Infrared radiation; Vibration; Vacuum drying
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1.1 anuduiuazanudrdgvasdgm

‘Emﬁan‘ﬂuﬁmﬂwﬁaﬁéﬁm%awszLWZi"L‘Vlaﬁv'mmﬂiuﬂszmsziLLazsiﬂaﬂiszﬂ Aoud
gnanifundndasidninismieegluiioman Frdentuiliiuifsnnainuacn 3
AT UUTEIND 20-25% a]zé}’aamumzmumwﬁammﬁmﬁ%nLﬁﬂﬁautﬁaﬁqaﬁulm”l,ﬁt,méﬂsﬁn
Founanm nsanautuindadunssuiunmdnisduiedisudunszuiunimis min
Fpamslidnansaiulilauiuni 3 ey muiuvestnmsazding 12% (@uiniseuay
WAL ATUNITDNT, 2556)

mMsanmTuddenaiunsailavaisis aanldlaeinll Toun nsldwdanu
L@seing waznslaiaIeseu 393N sldeseseunarldsruumseuiIsIsanseu SEMInens
anAMLTLTN IsRRAELAnIese U EluLEnd T FeiliAnseswenmeluwdadle
dlodndendifisesusnlunssmzdenuaszd axvilmdansuaninusawdady dawalils
UStnaudnaudundnen Jaiboon et al, 2009) Lﬁdﬁlﬁ%”nLﬁumﬁﬂiuﬁmmqﬂ nsiaenwAia
Lavanmzmsevusimausaduzesfisndu

mseuwiuudursnsaldnstianuseusuuunsed Wuisnsilasunseeususu
iideRmienseuwiuuunismianuiou Wy nseuuisdeanseu vareUsenns Fedefindne
YBINATANITDULAIUUBUNTISA TAlA MMSaTNTzUUBULRILUUBUNTILSavialade nasliannu
Soushesasunssaannsalisiniunisidanuieusuuuuiug Idasen Ssddunssalian
$ouldisa Mazognmnireuudsdu uaglidnsnismemndaiugs tagndauniuainid
JunsusaanunsagniuiingTanndesnaslimnuieuldlaemssdegaidendsams (Khir et al,
2006; Shih et al.,, 2008; Zare et al,, 2012) d@ulug niseuwisnuudunsasadntoutunlgly
nseuusisnaldl waslinsdunuiinafaniseunfuuuiaunselfmiuseuudtandadnasenia
wallansouuisuuudy JdwmalinunimuednSueiouursiniadiae (Sakai and Hanzawa,
1994: Nowak and Lewicki, 2004) 91nWansaunys nasavusiauudunsisadadumaiianig
sunisiienaldnaienisanauiudraddenlugiusesnisananunansisvesaauday
(temperature gradient) mgludndn Feezdwmansidodlufinisanmiuuanaisvesmuty
(moisture gradient) Meluwdndn uazgaunsnanmsuaniinvaauantnle

wiinSs@duns s duas A usaunazeuwtiag1sq 35n1stinlasuainuiie

] i
Y

dmfuniseuwisiiiamiivestanuwiniu fnmsnsnuihnnunduressduasmiudnvesdutani
wngdmIunslauedsunsusaegsatinaue e 3100 83 4290 W/m” uag 12 3 16 mm
AU (Cakmak and Yildiz, 2011) dat iieluuladanslésusadsunsnsnluseninseuui
st nsldinaiiadina Wy msdu Suheafudselend venani anzguaIneluios
puwisannsaviliyaifenvesiransiasnitannzussenia lufuresnisauuis mssuuied
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1.2 InQUIzaIRYaINIIIY

1.2.1 WORAIUILATINOULIILUUBUNIUIAGYINATINAULUAGUA IS UNITO UM

91den

a0 (% 1%

1.2.2 \iafnw18NENaveIANUTNYRIT AR DAMENBALNITOULNY gl Uae

ANANYDIIT
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1.2.3 watdSeuiieuitniseuniminuudunsseaaniniasinfuiuaduiuisnis
BULMLUUBUNI IRy IN AN kiiuadl uas3Snseuuiuuvauseu

1.3 98UlYAYRINITIY
1.3.1 LA30v0 ULHIMUUBRNS L Ind g N IaTIuduIUAd U L TULAT O UIR
WoUURAnTs

1.3.2 shagratnnldlums@ne A 91awug nv 47

1.4 Uszlaninaininazlasu

1.4.1 linadaniseuwnstiaildeniidunisouwiawuududsisagyyinie
FIWAULUAFY

g

1.4.2 lodoyalngIfunsauuniadilaeniie3sn1sa UL UUBUNT UIAZ Yy INTA
Suluadu valusunszuiunssulitazaun IMvsIRdndusauwiila Jsaziludsslovd
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2.1 413ug nv 47

g nu 47 WumskatanumesenIdnuganssangs 1 fu $miug nv 64
sloldgnIailunaniu d1oWug CNTB6074-25-9-1 (U7t 2.1) finods Hudnigiifieny 104 -
107 Ju ANga 90 - 100 cm dwiuudaann 339817 30 cm GaLUFendving 812 10.4 mm N1
2.52 mm w1 2.08 mm asﬂ,uﬂamnnmquuaqmﬂwsmmauiaam (26.81%) \ilonsanidu
FrmvsiFvawalidentu fidoduiadoutrsiuuasude Sildnandniade 793 kg/rai 1l
anvaueiay Ae IVHANEREA fnstumunasnselandimaldfinindnaiug nv 41 uazdulse
Inffandndniusivedan auamwdanemenwdidudrndiudneiFer vieslites arnm
msarpssn dansadidudn 1009% 1 (ududaiuginveuun, 2556)

JUT 2.1 nMsRausiugUivestnaiug ny 47

fiun: gudwaaiiuginveuui (2556)



2.2 MsuusauNIWRItIWEeN
2.2.1 A mn1sd (Milling quality)

v v € (3 1% < 5 2 A £ [ < o

9121iug nv 47 aglunguiniudneidu 1 (long grain class) fie T1LAuLLAAT
fliywinaiug1in 7.0 mm Fapuamnisdlatafuudasazdudnnngelddesndn 36%
(FnULIAIFIUEUALNEATUAZ DI SUIYIR, 2555)

A mmsavesinyseiuldnnuiinadndusdonasiuin . 4l
amamnsdn udniiiunssuiunsdndudliinuiiiusdawasiuings fusinadn
windos dufu nsussifiuauaimnisAvesiniuinifesiunmsulsanmdrntenisidn ds
vanefis mavhliden 51 uazdwngeenanudnin msduszneusetuneuiiugu 4 Suney
uA (1) msvhmwazen (cleaning) werrdnusas Tudn wiadu wiaivity warduiovudueg
ganandnlien (2) msneinieg (shelling w3e hulling) \unsvialimldentnngaesnainuén
dafilsannduneut Ao unau uazdmindas (3) msdiarn whitening) itavilsswaaaniudadn
n&os Aiildanduneutl Ae $1 uavdnas uaz (@) n3mLen (erading) iiouandLfiuwdn &y
U917 UAZTIVNIUIAGINE) 8ONINNNU

daiilenanmisdtnn laud (1) wnau (hull %3s husk) Wuranaselédainnisd
i Wudunaureasddonudn ndudss Wi wasihwda seiUSunnssnn 20-24% ved
drudden (2) $1 (oran) Wudiunanveudoriuna (pericarp) 18evuudn (tegmen) WWorfuiile
\an (aleurone layer) Anng (embryo) WAZRIUBN Y VOIVNETT FaiuSunaszana 8-10% 294
drudden srilpaimiensgs mszdansiduussloniun uag (3) $17a73 (milled rice) 3ol
USunauussuna 68-70% wasnaUden Useneumlsudeussuna 90% dlUsiutinadniias
%’nmsﬁlﬁmﬂﬂﬁ*‘ﬁ’m’n%gﬂﬁﬂuﬁmLLEJﬂLTJu*’é’J’nLﬁmuémLazﬁu%’n wazdnn TuuSuraunn-
toariedlaiuegivamnmirildentoud

AnnwN1sdvesdiiazuUsUsuninvietdesiufudnumusvesiug
anmuInden uazmsguadnwiineutazdsmaiuien fuil (1) Wu§ auaminisdvesinens
wsusuldnudnvaissineg weniugdn Wy wusinndvuawdnsiannagliuiinudisy
windudnem (2) msufiguanowiufes msitheenanudanndewiuies 7-10 fu
weliudndianegsasinae Huultinessasfudnshlénsiuie uezmsnn azann ¢
draudks axinane Wevludesldusina fniduwdanasiudnngs (3) sternauagisnisfuien
fmnzan maiuisrindwdeiiiuluashlidmivinauasamnmnsds nanie $1:7
uRerlurasiwdndaudoinsadradedsbivimiunnde iWemnuiwdnilud awilidin
Wiudu (@) msnindm Wunsanmuduluwdnegluseduiimnzay deiludagyinlddng
AuansAguasiuinulildun  smndvildisdeutasvdiniiuan  udrasrileds
AunwRIdniian Ae dewilitiuisedwaiianenrudulundn 1214% aven T
dudouu wilimsmauuiuly (5) mawadn Wumshlsudadnvaainss luusasiesiy
A3 MU URLAnaAY Wy welasnisvhn 15dT nsuandenaildissessrlundadlad
finasonanwn)sd fdiniiiadu (6) maiuinw ilutumeumsufiavdmnifiuiier vaa uay



an inwasnsvsfiuinwdnliieselinmaisee viafulivilan mafuihadusses
- nauerhbiiednwdandswmiowdads saw“mamaﬂmmwmsawﬂﬁlmnmmmamau
sudmdevas (7) navuaumstnd Guumaumﬂaﬂum3ammmamaﬂmmwmsa fie msnsne
Waen uagmsdnun W 2 dumeuil dmesnnnviediestusgfumanissesinesninagnens
vdsfunnnsstueloansums  uassswieiumnusiuwiusdauiundnluedednm
Shsmsvyuregnetavideiuninngs  Shsmsinavesiniginieansimsnieiniesdn windl
gn51n3lvags 11Ie1avinunn wazssesianlumsdnd wndaduiu 91e1avinuin (nsudwnis
YRS NIENTIUNYATUATANNTE], 2556)

2.2.2 NSAATUINTIIRULLER FUTT wazT1IRn

wdsnmsatiu widniumniadusuasiie Tnendnnsutauadai
FAUNMIUUrdinueedn91nnsdInsIneRsnsENTILN YAsHATaNNSal Sad dduwse Ae
977 10 @3 AU AD 911 8 - 9.9 @1 UazTMn Ae 911 2.5 - 4.9 du éﬁ'gﬂﬁ 2.2 (nsu
FPNSINWAT NTTNTINNWASHASENNSEL, 2556)

ITAUNAR F1917 41990

P~ v - 4 vy [ Y
E‘Lhﬂ 2.2 FUINVDIVLAULNAA FUVIY BagY1INN

7N NFUAVINNTNEAT NTTNTINNEATLATANNTE] (2556)

2.3 n15anANIULIURBN

2.3.1 NISOULLUUSITUYIANTOTINAI91ULEI01%Rd (Natural drying or  sun
drying) .
msouwiisirensluaseiindfuumasmnuteulasiinisindeuiivesenia
\ustremeuduesnainwdn (Ui 2.3) wlvruturenudeanas Tnendsnuudsoning
Juunassuiinnnudeuitldulaslidondoaldsne uiiidedsdeldiuiiun wazliawnse
muauanwerneld sumgiinususiuasiliAamsinluwds (mslwihdondauisussme
na, 2556)



JUN 2.3 ANSOULIILUUSISUBIRNI D LU NAIULAID ARG

fiun: inwmslne (2554); dine lo.duidu. (2556)

232 MIDULTIRIYLASDIBUL (Artificial drying)

FnrseuwieieinTesouneiiden Ae awsavjualdynanitzennis
ansnnruaunsannatdlfegluseAuiidesnisifesnagndes 1dszoznatanmuduliuin
wazdanunsamuandesiuanudsmedeaunimdiy urddelds fia @edrldineAsudiegs uas
fifoufiResenn SSnmseuiiuuuiimaiueenuuusinsmarlinaaessfuranannisnisineas
angyila

dmsun1sauwIieIUden JUealssyialunisanaliududnailasn aadl (1)
acy v & v = S, v ad Y ' a A o
goumgiinldananuduinddontudedddgumginmnezanlivesuasliguauiuly wszletn

U 9

e o

<~

Fdenludanvagrilviwdntiinnisianiaale lunis@eviednidademdusidnnunsiaii

o w = =

v @ & a ) - 4 v g <
d1R8U A AMNINAIE muuiumaa@mm%u Qmwn‘juﬂ%‘mmﬁ%qqmu 50°C wagnudutuan

* 9

o 1 a X a & a ) <3 [ Y a $ A 1 =3 ° 1%
Wué:lumsqamu 43°C Mmiuu%SQJNaW@Luaﬂﬂﬂ‘mﬂﬂ’i@&’}i’ﬁ’éﬁiaLLG]ﬂi"l’]ﬂ’]EJEL‘t{L‘Mﬁﬂ ‘V]’ﬂ‘ViﬂiL!ﬂ’W\l

msdsla warluvaaarnuiulinsezaannuiubiassadusaniisuiuly lnsamnsluvne
fwdafirnuiiugeq wszasibiinaamndomeiundald uaz (2) avududninslagsouwan
dniifdiannnuiiursdewnndinududuivsiynaunaveandntiug n1sannuduiagling

TogunAnnuFudIAmSliAsIAAY 60% (NSUATINISINYAT NTENSINAUATLATANNTE, 2556)

2.4 ATOULNAT
2.6.1 MEANNSHAZNGYHVDINITBULI

MIBUWIA Ao N1sanemauseuludvingniianuduielitsemessnain
Tag nseuwisdiuuinazldennimdudinanslunisarsmanudouluginguazidudigian
AuTueenlianing WerringinlusuniaasiinnssuiumInug Iulunsauii 2 nssuIums
oA



2411 mamemaudou wintuilefigumgionudstiiaauiou
wazsaimquanstety msmemawdout 3 wuu fie (1) mahanudeu iWumstandsuaiu
founnluanafuluanadnafeos anmmahanufeussiutugumgiuasarmiou lasasmih
AradourssiharansnhanufeuldAnininguia (2) nsmanufeu anmnswanufeusy
Aetulasorforounauasiudusnadumsmanufeuindsing uaz (3) msusfadaudeu
%Lﬁﬂ%uLﬁaﬁﬂwsaULa,ﬁmuui%’%’qﬁuasmiauLLﬁQLquﬁUywﬂmﬂ NURSIEANLTDUILYINLIANTS
uanidsugumgiitintuetenaisunniudegamgifauuanieiugs fdunisevuisenald
NseEWANNTBUaIELUUTINAUlA

2.4.1.2 nsdeugieveniluemisluseninamssuwis Welaglasuaiy
fouhfleglulanfazindousuniiionimesinganiuiassavenataulelugussenne

2.4.2 ANSAUINBASAIIINAAIILYDIAIN NANAAIEASILNEITBINUNITOUL
2421 ®n51@uANTU (Moisture ratio)

gnsdIuANTY A Usunveshimaesgmeludannideeuuis
Weguiusunutdmmuenegneluiaasmunsassmelanelasannenseuwianile lag

anusadeuAuFuRusIduannis e
M- A
. 5 (21
bR —— )

M= M

Slo Mo e avduvesian o taanle (%guuiy)
M. Ao mutudunauesian (%51uuk)
My fo Areiudusutesian (%g1uun)
RY 2% mm%uauqa (Equilibrium moisture content)

Aruduausaunsimesiidfalunsfnnssuiuniseuuis
TnslamznsfnunszezIaInsauia (drying period) HsaInAuuAnAsEMIN AT LY
San o valanawmilwesmssuwisturuiuainavesian fe myiaanudullduieusedu
fulatisznineTagfueinieuandon anuduaugam i naunsimgul davaninlay
Henderson (1952) luaums#l (2.2)



1
1 1l -8H i
?‘sa%é: . as
180 Ty Tans

> - (2.2)

(%
= N

el RH A AnadudusinsenniAe Ul

b

a Y @ L4

Tas A8 RUUNNBINIABULAIAUY TR

9 U

a ' a & ° v v = a - @ -6
Cy, G AR ANAMINNTTAIEANINTY dMSUT1IUFDNNANNINY -3.146 x 10
way 2.464 MUAIRU

2.4.3 §n3INTOULII (Drying rate)

SnsmseuwiisvenisUTinaihissmeeeninfansesszianluniseuuis JUT
2.4 wanensmaudiiussewiadnsneuwieumNtl Fwansautteandu 3 91sveanis
auwtis Toun (1) Hren1susuanaesudi (nitial adjustment period - AB) \uthasusiuresnis
UL ATITUB LA uYeseIsEige FuRtvesemTasidnvusndentuun fianisdemaru
Sousswinsminananudeuiuenms SnsnsvhuiasAes ity auietasdisns s
(constant rate) (2) $298m37A13UIHIAST (constant rate period - BO) Lﬂu‘zmﬁifwmsiuﬁ’a@
\deufiunifioniin amnwdeuiitarldsuasldlunssemetioananntanetnsseiiies aruduiade
yosTanazanaiudndiufunmlunsouuis yaaaelugaanisaunisnnunine snsnsilu
nseuLsIzanas mnuTuvesian a bariiends muduingm (critical moisture  content)
uag (3) 119851 spuwiianas (falling rate period - CD waz DE) iiuasfimutuluems
wietesauunsluisimiivesewnsidetnsldreiies shsimseuuiazanas pmutuazanas
Bouqauiisimmiuauna (guiriethodeyasnsnsuasas, 2556)

4

Fallingrate Constant rate

D Critics! moisture
content

Moisture content
(kg H20/kg dry solid)
Drying rate (kg H20/m? hr)

=

Xe Moisture content

Time {kg H20/kg dry solid)

JUN 2.4 A5 mlanuduius s enuuiuna e INANNEUITLSTEnI198nTINSOURAY
ALY

fu: AudinIetnedayaeMnIATUINT (2556)



2.4.4 J9FuNiBNSNanadnsINITaULT

2441 ANYULEIITUVIAVDIDINT mmiﬁﬁﬁnvmuﬂmww fAUNTU
(porosity) 11 efignnisouuiemiiiesanihluemsanunsardeuieanunansuenléie
uam]wﬂummswuwuwmmﬂamwmsammwvmmsuulﬂmsuu Lummnwwmﬁwmwam'ﬂ.u
uam‘wmmmnumm

2.4.4.2 9un JUIN YSas uaziufiinvesens Wunmantinianieniw
Y9991913 NANARDTNTINITOULH mmiﬁﬁé’mwa’iwswdwﬁ”uﬁﬁwiaﬂ'%mjmmn el
sewEtIn AiERTMIouLTITEy fatumnensatiauunnngasImMse ULk iAn Ty
azdniewnsniianununtesniiieseinsnsnisriauisasdudadiunnduiuainunuives
aler!

2.4.43  USINY0IIMMINUINIDULIAN 9 msIdnaURAluUTINuNINg
EIRIINNTOUWIITIT AU LI NNUTRIVE @IV TUd U lda1unsadulanuanasoulnaga
i

&

184 Fsltiaunsaaamanuseulituaimsls IuilensInNseULRead

2444 aNuFUNUSURUVOT AMUTUFUANS mwm%aam LAZAIINTU
mmw“ (specific humidity) yosomadudsidaresnsinseunks menazsamelinvdelld
‘\]JUUEJEJﬂUﬂ’J’uﬂjU“UEGa’m'}ﬂLLauﬂ’)’]ﬂJLi'JaJJ

2.4.4.5 - AUy deunenlieiun1sseimevedtn asannlunainusy
iaswn ezenldngaumgiisnas daunsiniseuwisanglaausuasyinlyensinsiui
1570 (AUGLASEYLTRYEBINITATUINAS, 2556)

2.5 59aouUNININ

FeddunsnsagnAunulul a.m. 1800 lae Sir William- Herschel a1nn1snaaesuen
waedneq sonuiaankasdviilaeldusda dedesnisTaninusouvesuasdningg Jeldin
wieslufiweslunaliiuaudsneg eingumgl LLazmﬂmi‘mamwuiﬂammﬁmmLLaqlﬁLﬁm%u
nddelumanns Lmﬂmaﬁﬂﬁma'}ﬂlmnmuu,awmaﬂlumumuaaumnawammuawa@ R
maml,l,mul,ﬂumaﬂnulu%a SedvunsusanIalAnng

£385un5 190 A AauLmEN W ATALETENINe 1011-1014 Hz wasiiniue
AAUTZIIN 0.75 -1000 pm iednglasuiaddunsusazdmaliluanavesiluianinsduiai
WiAnAuFeu vinlnhlulanssiveoenun Seddunsisn aunsonuelady 3 949 Ao

(1) ZyasunssATeAaNaY (NIR) fiAue1InauUseanm 0.7 - 1.5 pm Tgluau
18N INANNS DY

(2) ¥a@dunsIATIAANEN (MIR) Tlanueniadulssann 1.5 - 5.6 pm 14l
yuvUMnvesasIndialaa
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(3) SaEBusUIATIRALeN (FIR) 2zdnnuenmadudssuia 5.6 pm 2uld 1y
PuFeEnmvuzaulunsldviauiou ﬁﬂﬁummmqmaauG]%l,ﬂumsfgzyLaawaamummafmsqa
egnasvioundumun

5% mwmmwsqaauﬂsnm wawwummnaulﬂmammamumuﬂmﬂﬂms
wWasuwvasluaausmedidanseiing msdu uas mwuumaaazmamt,awimaﬂamamammnmﬂﬂ
mﬂalﬂmsmaauuﬂawaaaumamaﬂuLaﬂeﬂ,mam LLG\ﬂGl’NﬂuI@&‘UHQEJﬂU‘U’Nﬂ”J’]iJEJ’]’maUVI
Janlesu (Sakai and Mao, 2006) aghslsAniu :,JmwmumsqaauﬂmLsm‘vﬂ,‘wmmmaﬂaua\aaﬁ
agluYa9 2.5 69 7 pm Fadorduraevesdiddursnsagiunaisgiulng angdmuniseuuii
aaammmama@mwm (Ratti and Mujumdar, 1995)

2.6 NISDULMINARANANIINITINEATALSITTUNTUSA

PNMsANYATETIRuL Snnsldmaliamssuuiuuudunsnsaioanauduves
TanemsuayTaqunuasmalevile lalin1suduiiniseuuisiuudunsusaldszeznailuns
suuiiduniuagldmdsnutesniinissuauvanou (Nowak and Lewicki, 2004; Khir et al,,
2006; Zare et al., 2012) Sharma et al. (2005) ﬂfind’mmmaﬂuﬂ'ﬁauLLﬁq%!uasJ'ﬁ’ummué’fu
V99598 1umsmam"lmqaauﬂswLsmmqﬂaua'na‘uu,mLuamﬁﬁuwmuuwm’]Luamwfmmmmmqa
Sunlsnsnvendueilén (Toryama et al, 2005)

dmsunisevumidniasn ladinsnaaesldniseuniiauuudunsnsamiuiy uasnas
\Wumseuwrsuuutuun wasiilufinisadiaiuusiassmendinmansdinsunisounds (Nindo
et al,, 1995; Abe and Afzal, 1997; Das et al., 2004) Laohavanich and Wongpichet (2008)
189U VU0 Modified  Page L‘T;JuLLUU?SWaaﬁmmmuﬁamﬁm%’umw’hmamsauuﬁa
LuUBuns At uUNTesUAen a1nnsAnwves Khir et al. (2006) ’L‘wmammsammumwu
UM 5F8unsIsavetdeniinudure $ed 5348 W/m  wagssgeiiannnsaundie 120

=

Jui m%wﬂmnuqmmugwum 63.5°C annsatimLTusensndaadentdss 3.2%
% a v g a g a o & ! v d v o v o &
wasnnldeslvifunusssuufidunal 40 ud visll wnuaeslmbussaudusuudiduidu
nan 5 Wil visebiBunmelagagniadunan 10 uii szaunsnihauuesnaindnuden

<

.19t 3.5 ¥39 3.8% audu

2.7 MIDULAUUEGYEYINIA

msauLLﬁqﬁama“ammﬂmmﬁvmsﬁumﬁw ﬁamﬁamﬁmdmmﬁamwiﬁ
‘Uﬁ&l’m’]ﬂ‘dﬂm mammmﬁlmummmwm meumumiauLmau,*uuammmﬂuum’tﬁzjmalumﬁ
Aadauay AndunsEuIunTas Jumnuny awsumamnmfmwumamawsamamﬂm%mmamﬂwu
mmﬁuumiﬂaluLﬂﬂﬂﬁmawmawwammm

LATOIBULIDIMNSNYINUNETHN1IENTAIUAUDINIARINIIAIILALUTTEINA $i0
bihszmgldngumgiiinasnsinbiifieannzaggyinalufeseuasiesddtuayyinmaiogy

]
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91N1MBBNIINTBIUNMTBULIITIELATBIBURRYINA F8783nIANAMYBI NS IAANIINS
uafinusuussemaUn Lﬂ%;aaauqzymﬁmﬂé’a’l‘?ﬁﬁ'amimmm%umaammiﬁhGiaqm‘m{]ﬁ
49 1y mmﬁ'ﬁﬁﬁﬂmaqa wiepmsiindunensymeidudiulsznou ievdndesniseud
gamgiige Mhlvinansinszsiianann

2.8 MUAWNNBIVD9

Das et al. (2004) l@amnuazyinisansnisduasifiouluniseuuiauuudunsise
T,msJmiauLLﬁﬁ"ﬂ’;LUS@ﬂﬁﬁmm%uqﬁﬁaai%miauuﬁmwuaumqﬁm Taglgainulgussd 3100
wag 4290 W/m” Lt,avﬂfnwuwaa%usﬁmﬂﬁaﬂ 12 uag 16 mm wudwé’mwﬂﬁaml,ﬁﬁyuaéﬁu
SEAUANULTUVBIS ST asmmiammamﬂwummuaaﬂusumumaqmmmmaasaa NSOUWINIRE
Angulutiednsinmseuusian ’LuaaumawummwwawﬂLﬂaaﬂlumamaamﬂmsauLmaamq
TedAny

Das et al. (2009) IévhnsAnupaidnuagnseuwkesinFenidausugilag
syhmsanmnielianniensdu innuduse@Bunsasm 5 sefu (1509, 2520, 3510, 4520 uag
5514 W/m’) uasiitunuminwesdan 4 528U (3, 6, 12, uas 25 mm) lngnuitanudvasiey
wagﬂﬁﬁﬂﬁﬁnﬁ%ummwm 25 12 way 6 mm a@nnsanansldegsadans e 20 - 22 Hz
LA 8 — 9 mm MUAITU MIBUNRRzRnTuluTIE s MseULTIanas Farmm TS duastu
mumuvesiniinasiomsunsvestinesalitud ety

Wi Nindo et al. (1995) l@s1e9uliinnisidiundusnadaslindafivsusedls
asiaueundy Seusi Das et al. (2004) axldviinisnaasdagldiundusuiuniseuniauuy
Sunsnsnuds uslinisenumaliisaussauaaninseunihii Lildfinsnaniwmuninves
nARAuTTa Ul



uni 3
ASAiuN15I

3.1 f1981991UFBnLasN15RS8UR29819

ueillddndeniug no 47 Fedlaudiu 13% §1ulen AeuNTNAABIBULIAS
o v = A & vl &g < = v v A P &
ifdeninAuanuduliiaudulu 25% gruten udniulingamgll 4 esrwagea u
wan 48 lus iy thiegdnidensenuniialingamaiivies umiddlummaass

3.2 1ATespuULRIUUBUNTILSAgINASIUAULLUAGY

sﬂw 3.1 LARILASDIDULAILUUBUNILSAA agapmﬂ%wﬁ’mmﬁu MRIaULHIInNa
wuladana lnedusunsvoaeseuwiadu 21x29x3 cm3 eéamaluﬁ’aqamﬁﬂgﬂLLﬁ@Lﬁuﬁaaﬁﬁ
‘Uu'lﬂwi’ﬂ fuonun 6 dos LLaUI%ﬂivﬂﬂwumm%fauLﬂul,muﬂwa@auuﬁq lunsazdosounmnall
msAnsanesluduida type K meﬂamwﬂummmaamamq NaanaunsILIn (220 V, 700 W) gn
mﬂmaamuwaaauL,LmLLaz‘wNwwmmmmawaaauﬂniﬂ 734, 853 uas 952 W/m’ fiRawii
YDININOULI um{lfuLmuaqmuamqumuuwawaamauﬂsmmwmﬂumamausqaauﬂswLﬁﬂ

ssuvduveunioseuwiseneudededegnifeiiinewmesinuauanuisseuld
(SF-JR, 0.4 kW, Mitsubishi, Thailand) lagauSeua 4 a1 lusenInanITouLm ﬁaaauuﬁqgﬂﬁu
fEIUIUTEU 800 rpm 1u'§zuuﬁﬂ'1ﬂ°ﬁ%ua;::y§g1ﬂm (VE-290, Value, Zhejiang, China) Litevinli
Ausuduysaldu 5 kPa Tuseinimsauurisme

3.3 LHUNIINAABY

thdmnwdeniug nv a7 fiflanatudssana 25% gruden uwinseuudslid
muduganedu  12%  guiden Tnesnsauukeililunsdnunil fo A8mssuuisuuy
au‘V\IiﬂLiﬂqmmﬂﬂﬂﬂﬁﬁmﬁULUﬂé"u (vibration assisted. vacuum infrared drying, WIR) 35013
suwAsLuUBuNs ISR INA (vacuum infrared drying, VIR) uagisnseuuisuuvanieu (hot
Lair drying, HA) 3v3n1svnaedlasaziBeadniunisevuiiusiazisuansegluinded 3.3 Tu
su‘mfNmiauuﬁqﬁmidwﬁaaéwLﬁaﬁﬂmé’ﬂwmzmﬁauLLﬁwaﬁmU%aﬂ wazdiudenfiouusia
auumm%uaﬂmawmaqmiﬂﬂmmaLﬂiw VRN LAl Lﬂai%uﬁsﬁnﬂé’auﬁmuﬁm Woslgus
Ifumdatuaudnn wazauT? iuwﬂmiwmaammimmmwm 3 Asa vl finsuana
Lmumwmwo\aawaaﬂﬁﬂnmuag’lugﬂw 3.2
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fIAUANUUYL

a & a ag a

anUa-Unviaanaunsiin S ] .
(= [
feuaunsdy — ] -

» NADABDUNTIIA

¥ T ¥ v a
p= UNUEENDUNE

| | vindauwiis

Uugayanne Q T 12

" s g

€ v <
UBLABIUIUANIULSY —]

JUT 3.1 inseseuiinuuBursnsaganesmiuluaduildlunsnnass

3.4 ANSNAADINITOULIY

d’ld v v < ada %4 I adl v ad v
AsVAasstiinIsauLeTIEen 3 35 Lawn 3Tn15aUWALUU VIR 38n150ULAY
LUU VIR Lagisnseuwisiuy HA Tngsieasidenvedisnisouniausazisinemaludl

3.4.1 35159 ULAUU VIR wag VIR

dwFuanngluniseuwianuy WIR kag VIR multueedsaddunsiise Ae
734, 853 waz 952 W/m’ uazanududuysnd fa 5 kPa dmsuismsouuriesiuy WIR deliundu
Sue 1n1sduveaun 800 rpm lagfeuhnmaasieuuie Weavasasunstsalimihaudu
a1 5 Wit widddindenidludeseufimmmuivestudden 10 mm (Uszanes 500 g)
yhmseuursaunsyiiadeniiarudugariiedu 129  gulsn Tusewinemsauuss fims
Lﬁuia;gammﬂ'?'i”uﬁl,ﬂﬁsmuﬂaalﬂmmmnawi'mq YOINTOULY IileFnwdnuanIsauLafe

3.4.2 F5NTAULVILUU HA

nsouwisuy HA  1dgeuauieu (ULM 500, Memmert GmbH+Co.KG,
Schwabach, Germany) Faduniseuuauuduuns Tneanumuvestudidden fe 10 mm
(Uszuney 500 g) qquﬁmﬂumiamﬁmw HA @8 45, 60, 90 wag 120°C TusewINanNISOULRS
ﬁm'ﬁLﬁu%’agamm%uﬁLﬂﬁauuﬂaﬂlﬂmmj'aanawhq6] YDINTOULII LROANYIENBUENTS
DULILTUA
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Frddeniug nu 47 ANuTUSHeY 25% g1uden

v

A 4

v

ANOUWMILUU VIR

734, 853 and 952 W/m’

ANFOUWILUU VIR
734, 853 and 952 W/m’

ANTBULAILUU HA
45, 60, 90 wag 120°C

[

A

TIERNOUWAY ANNTU 12% FIuden

A4

MINATIVIAMENYIENITOULNY

MIIATEVAUNINGT

n51dUMNNTU (Moisture Ratio, MR)

-M
mr =2 =M.
M, - M,
Tagl M, fe USnaenutiudnwdenivailaeg
M, fie USunmanududiieniiiaisuau
M, Ao USuuauiuaunavesdiGen

9MIINITOULINY (Drying Rate, DR)

DR = M1+dr _Ml
dt

W7l M,y Ao Usunaanutindnideniiniansuau
M, fe USunaeuiudnadeniinanlag
dt  fe naldluniseuunis (u1i)

€ = & ¥ (=3 [
LUBSLYUAUARANAANUAUYY

= o= wooer
EIPNEEs + auen

ALY (AUIINAELUsEuU CIE Lab)

Whiteness =100~ [(100 = L% + a*2 +b*2 |

Feley

JUN 3.2 UNUMIVAERINTEULALAEMIATIZRMA MY e
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3.5 MyIATEimIuTuLazdeyadnBuzn1TauLiITasdIGen

mMylasEinNiurestdenldisnseuniuuvanfeunanmgll 130°C 1Ju
1281 24 92l (Jindal and Siebenmorgen, 1987)

m’m%'uauﬂa (equilibrium moisture content, M) dmSumseuuiauuy WIR uag
VIR gnunsarmusailiidu 0% 18 eswnnmseuuiasessddunsisadunannuasdmali
6?7’1:1Lﬂéaﬂl‘mﬁuaﬂﬁﬁmm%umﬁaagi (Assawarachan et at, 2011) A1 M, dM3UN158ULIRS HA
gﬂﬁﬂmmﬁaaumwialﬂif

1

_ 1 |In(1-RH) |G,
MG_IOO[ T } (3.1)

abs

Tog@l RH o mdudusmsenrouuss

T.s  PB QauMalieINAR USRIl (°K)

C,, C, A masfinsmernududmivdndeniiniaiu -3.146x10 * uay 2.464
AINGPIU

FRT1EINANNTU (MR) LazdnIINIsaULIA (DR) annnsasmuinlensaunissaludl

MR = M M, (3.2)
M, M,

M M

PR A t+d:1t_ t (3.3)

Te9l M, My, Me Wa2 My, 7D #9084 (/g dry matter) Mnasusy 1ailng Baiiauns way
181 t+dt AUEIAU BaT t A LIATBULIY (WT)

3.6 AsnsEmazilasnuaziadin

fhetheiudenauuieiiianiutu 12 % swiden Usie 250 ¢ :nnsauuiiuuy
11499 QﬂﬁﬂmﬂszmwmﬁaﬂﬁwLﬂ‘%"aﬂnszmwLﬂﬁaﬂuuuqﬂﬂ?:qzm (THU-35A, Satake
Engineering Co., Ltd, Osaka, Japan) Tugul 3.3n feersdnndemdaninnssmnzildengn
ludnrnmeniosindy (TMO5, Satake Engmeermg Co., Ltd., Osaka, Japan) IuSU‘VI 3.3%
waatluAnawe (TRG 05A, Satake Engineering Co Ltd., Osaka, Japan) mmmammum’tu
'gﬂw 3.3a Faagldtnvniinmde dudnn wagdhavinesnn
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drldsnsuuis Amutu 12% gruden

I

AsEWNzasn

ARLLEN

'

IOUT?

A 4

IMES

5U# 3.3 ATEUIUNISNSZNZUADNIATEY:
A 1ATAINTEWNLIUADN U LASBIINVII WAL A LAIBIAAVUIN

3.7 NITIATIEIAMAINTIINEINTITOULNY
3.7.1 Wesidudvasinifiuaatasdudnivdinisd

dmsumssnnamesiduivesiniduubauazdudiimdinisd drduwde
wazdudnansaiasanldnunuminasgIuduRnYas uny. 4004-2555 Aseluil

v 1~4 @ <~ %4 -3 1
FNAUNEAR  AD T1AY 10 du
AU Ao 917 8 - 9.9 @
47179N A9 917 2.5 - 4.9 d7u
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3.7.2 AU

dvestndengniiasienlussuu L, a* uag b* Tnefian L* (Lightness) wans
mAuELaiiadefidnduuinuazaunuadiu wazar a* (Redness) wansanAududung
wieddrndlefianduvanuazaumuddu uazan b* (Yellowness) uansmanuiudivdemsed
dhudlesidfuninuazaunmudidiu Smunmsmuamumneesinilainsdl

Whiteness =100 — [(100 - L*¥)* + a *? +5%* " (3.4)

3.8 MTATIERYaYaneEda

n1INAaeInuainty 3 91 LIukalinisseylilagianizluldastunaunisnaass
mMsnadaunsanfminTulagledt one-way ANOVA UagtUSeuiguauLANAINsEnINLAazas
nAadlneds Duncan’ New Multiple Range test Ni5zAUAMNTDIU 95%



uni 4
NaN15738

4.1 §n¥aizn15aULRITRItUFenA8ISN1TaULTIRUUBUNINTAFINIASINAY
WAFU

"i]’]ﬂi‘IJ‘Vl 4.1 ‘(NLLﬁﬂQLﬁUIﬂ\‘lﬂ’]i@ULLMx‘i‘U"I’JLUa@ﬂW}EJ’Jﬁﬂ’]’i@ULLVNLL‘U‘UE]UW'ﬁWLi(ﬂ
aiUviUu’m’]ﬂi’JﬁJﬂULUﬂﬂu (WIR) ‘Vlﬂ’l’]llL%M‘U@Gﬁﬁﬁ@u‘l’\li%iﬂﬂ%‘l‘] WU3N m’m%wawnwaaﬂaﬂaa
mmnmmﬂa&mlﬂ IG]EJSLUSU’NLLiﬂ?JENﬂTiaULL‘MQWJ’]ZLI“UU&@@QE]EJ’N?'JG\L?’JLua\‘lfﬂﬁﬂ‘U’]’JLUa@ﬂN
mwmuaamn LﬂJE]L’Jﬁ’]N"I‘L!I‘U amﬂmiaﬂawmmmwmaﬂa\‘\ Lll’e']LU?BULVIEJU?“W’J’NF’YJ’]@JL‘UJJ
28959E@BUNI IR Ao 734, 853 uay 952 W/m W‘U’J’]LLU’JI‘LJ@JiUﬂ’]ﬁﬂﬂﬁQ‘U@\?ﬂ’J’]ﬂJ‘U‘U?,Jaﬂ‘t}mcu

ey uamnlgaam LTUYB IS IFDUNT AL ﬂ“UU@(ﬂ’i’]ﬂ’Tia ﬂaQGUENﬂ'J"ISJ‘UUﬂEJ”Iﬂ‘UUWJEJ

Shsnseuwisgeanuazsssziaiililumseuudisuuu WR  itelidhadentd
audugainedu 129% gulen uanseglunisad 4.1 maiduvesivdilnasednsniseuuis
guanuavszaznaiildlunssuwis Tneflmuduve s adBursisn 738 w/m’ 4ian 25 wil lu
mseuwis dewdsuifisufummiduuesiaddunsisn 952 W/m” THuadiss 15 unil uavld
Snsnseuniageaasniy

1.0 %
—5— 734 Wim2
0.8 - —8— 853 W/m2
—=— 952 W/m2
0.6 -
&
&
0.4 4
0.2 A
0.0 T T .
0 5 10 15 20 25 30

Time {min}

sﬂ‘vn 4.1 La‘uiﬂﬁﬂ’]ia‘uLm\‘i‘ua\iﬂ”lia‘ULm\‘i‘U’\’JL‘Uaaﬂﬂ’JEJ’}ﬁﬂ"ﬁa‘ULL%QLLUU@UW?’]L‘SW GRVelaeld
samuwmuwmmmmamaauﬂmmmm
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A15199 4.1 R31NTBURIIGIgARAETEELIa1TLElUNTBULILUUBUNILIAG Y YINTA
swiuusduaulamuiuresdiriddenily 12% gnuden

ANUTUYDITIFBUNTUIA gnIINITOULINEIAR nan
(W/m°) (¢/g dry matter-min) (W)

734 0.0108+0.0003" 25

853 0.0134+0.0008" 20

952 0.0160+0.0004 15

4.2 AnYUNTBULIIYIT1IERNAIEASNTOULIHUUBUNSUIAGYINTA

JUN 4.2 uanadulAen1seuumtniuaenaig i Nse LA UUBUN T WS AZY eI
(VIR) MA1ULT198933@0uNs15na199 TUATToULAS WU UL IUNY0INITana U9 IA LT UL

ANULANANSAUL BN AUAITL YRS BB UNTILIATILAR A Y I WREaTuNISaURTILUY
WIR Sapnnuiduvesdedinniu mutuvestnidenianaslasingiiu Sasduiusiuaise
1.2 TuansShrnmesuuiigeaauagsrosnaildlumseuuiulinnuturesinidondu 12%
guden Anuduvesdiddunsise Ae 736 W/m’ ‘lﬁ’é’mm'ﬁauuﬁqqqqﬂﬁmﬁw Ao 0.0098 g/g

5 v S a4 A~ o A v v Aa 2
dry matter'min wazldiaanuiu As 40 U9 EalNBuNUNAIUITNYBITIFBUNIITA 952 W/m

FalnIIN1TeULMNENERAtAIges 0.0151 ¢/g dry matter min uwagldiaanlunisaunaiiios 20

U9

1.0 4

0.6 -

MR

0.4 -

02 -

0.0

—5>— 734 W/m2

—8— 853 W/m2

—+— 952 W/m2

JUN 4.2 1dulAINITOULIIT0IN1 TR UM UABNAETENI oUW UUBUN I LI ey INIA

ANULTUYDISIFDUNTUIARC)

20 30

Time (min}

40

50

=b.
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A15197 4.2 Sasanseuuiegedauazsyezanfildluniseuuisuuudunsisagyainiaaula
AuTuvestdenly 12% gauden

ANULTUYBITIFDUNT IR SMIINNTOULIAIGIEA oo
(W/m?) (g/g dry matter min) )

734 0.0098i0.0010b - 40

853 ©0.0102:+0.0011° 25

952 0.0151+0.0016" 20

4.3 SnNWZAITaULINTBIT17ABNA283S 15D UL ULaNSBY
4.3.1 AnuTuaNnavesiniuGen

Adugina (M) westnidenannmssuuiuuvaniou (HA) figamgd
s1eq 1duandlilunsned 4.3 9nnsemnme M, sesihaden iwdeniieuuilagisns
ULAILUU HA ‘ﬁqm‘mgﬁ 45 way 60°C 4f1 Me Ju 0.0017 was 0.0015 g/g dry matter
gy Taedn My vesthauAeniiouwidagiBnisouuianuy HA igauugil 90 wag 120°C die
i 0 ¢/g dry matter viai) ?jqqmuqﬁiumsauLLﬁqﬁﬁ'w‘haq mm%yuauqamaﬁﬂL‘Uﬁafﬂuamaz
SenamBeiAnunnty

A15199 4.3 AVUTUANAATDITTIUEBNIINNITOULTNUUY HA Vigaumnilangg

gaunindl (°C). mm‘?}juauaa (% g1uien)
45 0.17
60 0.15
90 0
120 0

4.3.2 ANYULNITBUMA

U7 4.3 uanaduldsmseuuisdidenmeinseuuiwuy HA igumgll
45, 60, 90 way 120°C %mwiazqmmgﬁﬁé’mwmiauLLﬁqﬁLmﬂmqﬁuashmﬁuléfsé?ﬂ INRN519N 4.4
Fauansdnsnseuwiigeanuassseznaildlunseuuiuuvaneusudniudoniinmuiudy
= 1A a op =& ad o 1% % a 6§ v
12% guilon wuirfigamgll 45°C Fudugumginideuuvunseuwiilagliuaseiindlyidns,
suuviegeansnfian fe 0.0018 ¢/g dry matter'min uagldiatlunssuunuie 360 wiil
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——45°C
—H— GOC
——90°C
—s—120°C
0.2 -
0.0 ; ¢ ; .
0 100 200 300 400 500

Time (tnin)

sUfl 4.3 WduldsnseuwiweinseuuisiiddenseismseuuiauuvauSauiigumgiisneg

A13199 4.4 Shsantseunisgegauazsseziaatnldluniseuiasnuuaniouaulanuiuyes
druudeniliu 12% gruden

QEUNNI SMIINTBULINEER nan-
O (g/g dry matter min) (u)
45 0.0018+0.0004" 360
60 0.0036+0.0017" 150
90 0.0064+0.0010" 70
120 0.0104+0:0097" 40

4.4 n15WUSeULTgUANBAIZN1TaULINYBIT1LUANA2835N15aULAILUUBUNS LA
dynasuiuueduuazlisaniuiuady wazdsnseunisiuuaniou

Ui 4.4 wdmaaegrendulfsnisauimnmseuuiaieansds i niseuus
WUU WIR uay VIR finrudunesisddunsiisn Ao 952 W/m” uazn1seuuiauuy HA figaumgdl
120°C \ilesmnanmiglumseuuiavanilidnsniseuwisgeaaifsnniigadmiuniseuuiaus
2233 Tnsfimsmuniseuwiauuy HA - figamgil 45°C Bilunsmisne esanifunisouusied
gaumpiidudsunuunmssuuiuuunaeiindgaiuitinensnsdaingludsanelned el dey
muitauelae Toyoda (1988) Triudendieinszneulusmessrusznavassdiu 1fun wnau uas
11IN784 mwﬂwmaﬂwmiﬂsaaswﬂmaﬂummum lusgwinmssuukilugiousn unavazgn
BULINBUBEI9TIALEY Maqmﬂuu Tumwaawaamiamma dnnfesisazgnanannudy wén
ShmvesmInmALTuADe ammamaaq agwlsniany msﬂ‘w 4.4 iuldeeetnauiied
sunsusavldinniseemeuiuiiadnaendianfeu Wil oraiflewrainnisgadusd
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sunsusanglusuasnduasulmianisiedsunvesmiuauainnieludndenunniavinlan
FJu (Meeso, 2008; Khir et al, 2011)

ﬁqﬁuamasﬂumswﬁ 4.5 5@3’1ﬂ’]§§)ULLﬁ<‘IﬂQﬁ®LﬁM%ULLaL’LQm‘Luﬂ’ﬁE]ULLﬁQaﬂa\?Lﬁ@
memmwmaasaaaummm (NMBUWAILUU VIR %38 VIR) maammmaaamau (NMTBULNAY
WU HA) Wil 86\3’1ﬂ’ﬁa'ULLMQ&QE‘!WU@W’I’JL‘Ua’aﬂVIBULLWQG]’JEJ’JSﬂ’]S’e]ULmﬂLLUU WIR wag VIR 1y
wanR1s U lTyd1AYN1Nana LLauaam”LuLmnmqammuﬂmﬂﬁumaaﬂmnuamwmiammq
aqaﬂwlmumﬂmiauLLWLL‘UU HA wammu 120°C #n8 ANTBULIAILUU WIR '1/1 952 W/m ’lm
amwmiauLLmaaawmﬂmﬂwaﬂ Av 0.0160 g/g dry matter mm FaiAruszanal 9 Wiveedns
miauLmaqﬂqmwlmumﬂmﬁauLLWLL*UU HA i 45°C wumm’mqﬂ A 0.0018+0.0004 g¢/g dry
matter-min L’;a’ﬂ,umsauLLﬁaﬁéu’uﬂ’i’]LLazé’mwmsauLLﬁﬂqaqﬂﬁmnﬂdwmmiauLLﬁaLLUU WIR
anansossuelalaenisliudidsunsusnetsaiianevesiieg1eiideniilesainszuung
Suaziiouresainauwiis (Nindo et al.,, 1995; Mujumdar, 2004) uanmnf‘j FINUINBNTNAVDY
mMsduasiouvesnneuEnnT el Fe I IYesTEsuNs s AN Al 738 W/m failiiulu
M19197 4.5 SAnuuenasTsnIanallunse UL iaresiSnnsauwsiaLuy WIR waz VIR u’mﬁqmﬁ
AnadivessadBuns s AsTRUT

1.0 §
&\ T YVIR i 952 Wim2
0.8 - e | A
VIR 7 952 Wim2
g YT HAW 120°C

MR

0%

0.0 g :
0 10 20 30 40 50

Time {min)
’5U‘VI 4.4 LﬁUIﬂx‘lﬂTﬁa‘ULL‘VN“UENﬂ'TiE)‘ULLWQ’U’Y}L‘Ua@ﬂﬂﬁEJ’JSﬂ’I?E]ULWNLL‘UUEJuW’i’]Liﬂ iyjiyﬂﬂ’lﬂ
3’33Jﬂ‘1JL‘UﬂﬁULLﬁ$13J3’J§JﬂUL’Uﬂﬁ‘u LLﬁS’Jﬁﬂ’ﬁaULmﬂLLUUaﬁﬁﬂu
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A15197 4.5 ShsnseuniegedauassrazatnldluniseuuisinideniuSouiisussning

IFNsRULIANENLTT

anTrlunseuun SsINTOULINEER nan SRV HNGEVRENER
(¢/g dry matter min) (uh) ImiUaenauun (°0)
1. MIDUBIAILUU WIR
734 W/m” 0.0108+0.0003" 25 44.50+1.97
853 W/m- 0.0134+0.0008" 20 49.67+1.51°
952 W/m’ 0.0160+0.0004° 15 48.33+1.03"
2. MSBULMAILUU VIR
734 W/m’ 0.0098+0.0010° 40 40.83+1.94°
853 W/m’ 0.0102+0.0011° 25 47.33+1.86°
952 W/m’ 0.0151+0.0016" 20 46.83+1.47°
3. ATDULILUU HA
45°C 0.0018+0.0004" 360 42.50+0.41°
60°C 0.0036+0.0017"° 150 56.00+0.41°
90°C 0.0064:+0.0010° 70 80.12:0.85"
120°C 0.0104+0.0097" 40 107.38+0.48°

4.5 niswSsuiiisuaninvesdialfeneiiun1sauuiiaie3sn1sauniLuY
surssagynmasuiuuasuazlismfiviuady uardinsauuiiuuuauseu

Aaunwvesindensuudi loa wWesidudveriniisudauasdudnuazau
uanseglunisnsil 4.6 wieldmnuduvessiddursusaviegamgiilunisouuisgs iwesidurves
Frifunudauazsudnisiag lnedSnssunianuy HA - figamgdl 45°C Fafuguuaiiauusis
saafililunsinuilivesidudvosinidundauazfudngan semmndumsevuiauy
WIR 7 738 W/m’ athslsfionu winlddaiansouwiaiuy WIR i litaarluniseuwisindaunn
Faganiniseunsis HA Tigamail 45°C Usvanas 14 1w

dlauTeuiiguseninansauuiauuu VIR @ 736 W/m® fluniseuusiakuy HA
120°C @sldinanlumssuuiainiu fe 40 wnil Wesdusvesinfiuudauassudnildainns
gUWHILUU VIR fidnnninedifudvesiiifumdauasdudniléainniseuuiuuu HA 8
U804 2.6 W Meeso et al. (2004) l@uainisauusiauuy FIR silfidansihamutuesnuay
nMsUSusERuANTuIInlanananiianivesianwiou fu oy Fsanannuuandeas
auduLazaduiAatunelumEaiden wazdwaliuesidusvssifuudauasiu
e RGREN

AU MTesdIdsnsunieglugie 60-67% wan1snaasaiansiiiailunis
suwiaduiladeiidfyiidmadeninuenvestiiion mawssuiisuluisnmseuuieisiAeatu
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nartunseuuieiduninildmaurnvssdnideniidigaindt snfunseuukuuy HA - &
Wosiusvesmmummiidgsaniiosuurisiigumai 00°C sl dunalgimsiiunuduvedded
Sunsusavdeaumpiouwsis feiliannailuniseuutas danalimurniiaigstu wans
neassinssiwduitinisseaulag Taechapairoj et al. (2003) dwfumssuursdniudende
wellamseuskwuugBaladiuauuulodeinds Fandiiitogangfiouuiisgstu mmmdnves
Inivdenanas .

‘ a € < cv ] < v v % P (xu P P=
A15197 4.6 WasEUAT LA LLLEALAZAUTIILAZAINNUNVDITNWABNB UL LABLUS B ULNE U
SIS NNTBULRANNTD

anmzlunsaulA FrPuaALaTAUYTT (%) AUV (%)
1. NMFBUWIIRUY WIR |

730 W/m’ 38.3141.63 61.83+0.69™

853 W/m’ 31.00+1.48° 62.52+0.54

952 W/m’ 28.30+0.89° 64.99+0.79°
2. MIBULAILUU VIR

730 W/m’ 35.41+£2.70° 63.21+0.62°

853 W/m” 28.31+3.44° 63.42+0.29°

952 W/m’ 21.08+0.13° 64.68+0.37"
3. AMSAUUILUY HA

45°C 44.07+0.97" 60.08+0.48'

60°C 30.60+3.09° 60.82+0.01°

90°C 17.79+0.49° 67.08+0.18

120°C 13.57+0,78' 65.23+0.56"




unh 5
a;ﬂwaﬂﬁ"‘aﬁ'mtaz%'aLauawuz

5.1 @3UNan1side

nsUsfiudnuuzaseuuianazauamluniseuwisiiiudeniiug ny 47 910
Pwdusuiy 25%  guden audianutugariieduy 12%  guden lngiBnseuuiuuy
SquLsqugﬁgﬂmm'mﬁuwmé"u (WIR) A3nnseuukeuuudunsisngaainie (VIR) uasisnig
puuauuandou (HA) aunaldail

5.1.1 mseulsisuy WIR Wisasmssuwisgeaaanniian sesenseuiiauuy VIR |
waz HA pudadu mssuwsiauuy WIR sy VIR fdldnarlumseuwisdundt Tuvassdivialsh
Fruvdeniiovusdigumniisngt Wetilsufuniseuuiauuy HA Msauwianuy WIR i 952
wW/m’ Iﬁé’m’lmﬁauLLﬁqqaqmm'}ﬂﬁqﬂ A9 0.0160+0.0004 /g dry matter'min wazldiiarlunis
suutiniian Ao 15 uiil luvasiigamglantevesiniudeniia 48.33:1.03°C diumseuus
WU HA 71 45°C "lﬁé’mwmiauLLﬁqqqqﬂﬁaaﬁqﬂ A9 0.0018+0.0004 ¢/g dry matter*min uagldy
nanlumseuwsianniian fe 360 i luvasfigamaiigavnevesiraidenilen 42.50+0.41°C

=

5.1.2 MIouutisluy HA 91 45°C Thdesifuddniiiuudanazsuingsign Ao
s <

b4

I v ' ) P 2 = ) ¢
44.07+0.97% willa1lunIseUIILIUNIINTOUWALUU VVIR # 734 W/m~ deliidesidusivn
Eudauasadudniludususesasun Ao 38.31+1.63% Daussuins 14 1 9l AuUnI9899198
ANgTULLIATUNITOULNAIAS

5.2 YaLduBLlL
5.2.1 esansiUSeuisunasunislumsauwisaayio

5.2.2 AITASANYAUTUETIDUY WNaLAY
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ABSTRACT

This study aimed to anvestigate the effect of vibration-assisted vacuum infrared (VVIR

drying on drying characteristics and quality of dried paddy of 12% {w.b.). The remoistened paddy

of RD 47 variety with 28% (w.b. }md 10-mm gramn bed éegx}s was used in this study. The infrare

infensities were 734, 853 and 952 W/ny’. The comparison of VVIR drying with vacuum infrared

{VIR) drying and hot air (HA) drving (45-120°C) was also conducted. The results showed tha

VVIR drying at the infrared intensity of 734 W/m? provided high percentage of head rice vield
(HRY) (38.31%), which was close 10 the HRY obtained by HA drying at 45%(C (44, {)"m

However, the VVIR drying provided higher maximum é@mg rate and ook shortar drying nma
{0.0108= 0.0003 gz d;'} matter i, 25 min) than those of the HA drying (0.0018 % 0.0004 g/g
drv matter min, 360 min 1oVVIR and VIR dwmg also generated low paddy temiperature of 40-
s0°C,

RKeywords: Paddy; Infrared drving: Tofrared radiation; Vibration: Vacuum drving

%
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ABSTEALT

Thiz stedy simed o investigaze the offect of vibeatd
sesisted  sacuun Infaved (VVIR) drving wn dny
soteristios and gualine of doed paddy o 12% (b
The remuistenad paddy of RD 47 varioty with 33% (wh)
and 1anm graln bed dopth was wsed in this stady. The
infrared intensities were 734, 853 and 952 Whan', The
vomparison of VVIR drving with vacoum infrened (VIR
drying and her air {E’in} deving (45-120°C7 wis also
condueted, The rese howed that VYIR doving ot the
infraved intensizy of ‘»34 Wit provided Bigh poroeitase
of head noe viehd IHRY N8 30%), which wes eltse © the
HRY chuined by HA drving a0 4570 (34 87% However,
the VVIR drving provided higher maxipum drying rste
ard took shorter drving tipe (00108 & BOOG3 g dry
matternein, 28 mind thon those of the HA drping (00018 &
GO004 g dry matieemin, 380 min \"‘\‘?R Lmd VIR
drying sleo genergied Tow paddy finporature of 408090

INTHODUCTION

e fbod msd hag bean considered a5
o That eeonopy. The
i»*mrwv%xa& iz wpically w?mcd
guality maximi éxstrs. Harvested paddy has g 2
content in the mnge of 1% 1 48% {(dbiThe dryving
process must be gmploved for o safe storage. Howewver,
this provess bas o conviderable influence on development
of imemal cracking in the endosperm of the rice kerssd
Jwhich consequently resulis in kernel breakege during neg
aper drving of paddy is necossary
vice vield and gualtiy. Although
Ay rescearch h;y* kmn dane on paddy dryving, research on
sew andior hybeid diving svstems for paddy drving s still
reguirnd,

Far-infraved (FIR) drying has been reviewed s w
potential method for drving various agrioaiturs! prodacts
such a5 fruis, vegetebley and eoeal grains UnderFIR
dryving, material can be dried dirscily by sbsorption of FIR
radintion. Pepwrmion of FIR radistion provides muore
uniform Besting than hest tensferred by hot ain Henee,
medsture gradient and siress development in rice kornels
during drying wre reduced 12.3] Hewever, ponetratic
depth of FIR adindon, Lo 12 mm into graing, tmin

proveasing {11 §§r:m
ny order o m

~abiliy to ealy suwrfbce  hes

o applivation
Mechanical svsiem Hke vibrution would be am
agitate rice grains in the bed 1o allow e
the radiztion wniformly 15 i‘!} Dias and Hal
bed ¢ mm of paddy Insignific
whn drving the paddy In 8 vib
ﬁi’yf:ﬁ?{‘%}\
1n addition, vactem condit
o7 benling point of water, D
is desirable aad leads W preva
during the drying prodess.
E"i’wrnf‘mu, this smudyoombined the :
witwntion, vecuues drying and infrured radiotion for pa
ng. Deving chamctoristios and gualine of dried pas
andergoing VVIR deving were nvestipsted sad compraed
woith those of the paddy subfected 10 VIR and HA doving,

MATERIALS AND METHOBDS

Paddy Sample
Paddy of RDAT varlery was used a8 a sumple of
sy, Batore exing in cach exporiment, the paddy of
¥ was remoistened to the modsiure congent <
3 andd kept 5t 43°C for 5.7 days to ensure un
wve throughowt e kemels, The paddy was allowed
to comd 1 roorn temperature before drving.

Experimentsl Drver
Fipure 1 shows the experimental set-up of the K"MK

dever, A stunloss steed dwazm charsher th
dimeusions 02152953 o’ was eousl 3
channels  and  coversd  with ewmpered  glese TypeK
thermocouple wis embedded on cach channel of the
drying chamber to messure the e sre aof the pad
heed surface. An FIR heater 220V, 700 “i*w wEs s
aver the ﬂf*y‘%'}Q chember 1o be R o ated o1 the nvfrared
inensities of 734, 853 and 952 W ot the bed swface,
An shuminum cover was plaved on top ﬂf the FIR heater

an infraved reflector. The vibration system consl

istest of an
eocentrie jeint with @ speedeoonmrolisd motor {(5F-IR, 0.4
W, Mitsubishy, Thatland) and four hebicel springs. The
 chamher was vibrared of 360 pan during operat
A vpcussn pump {VE-280,
wsesd to naintain absolutepress
charnher during opuraiivn.

Wikue, Zhejiang, Uhing
@ of 3 kPain the &
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Fig. 1 Scheomat

o dingram of the VVIR dryer

The VVIR éﬁ'iﬁi} experiveniy were performed at
redd insensities of 734, §53 and 932 Wiy, vibmardon of
SH0 rpan and 'éﬁgﬁam prasze of 5 kPa Beforg nmaing
ch experhment, e infured henter was gllowed o
e for 5 min The paddy of 10anm gt

win hed depth
was then fed inio the drving ohmdber and deied
gezdl s fnal molstre content reached sbowt 1296 (why
For the VIR drving, no vibration wes apphed in the drying
swstemn. For comparison purposes, the ponventions! drving
method, Lo HA diving, wis  also  conducied at
temperatures of 48, 60, 90 aad 13070 g HA oven {ULM
539, Moranet GebB+ o KG, Schwabach, Germany),

Daring the process of drving, e dried paddy was
sarppled ot predeermined intorvels o wensure 1 modsture
gonten: by HA deving et 130°C B 23 5 170

The dimensionless meistine mse (MR and diving
rare (DRY were calculated as o

whoreld, AL, M, ond M aro molsturg conlent {gig dry
matter} at initisl, specific dme, equilibriam and eids,
vely: and tis deving fime (min),

As prolonged madistion viglds &Lmi :’f“trm}w o
remsonable o omit Mer VVIR snc
valves of A, for HA drving of puddy mmpm wers
determined wsing the following souadondl:

whorefH 15 relative humidity Uledimaly
sommpermiure Ky and € spd Corseguation &
which are -2146= 107 andd 2464 for paddy, respe
The M, of the paddy samples ﬁi’&%}j%,i" o HA drving

o

35

and 60°C were 00017 wnd DOBIS gy dry maner
respectively while HA drving st the emparstures of 90
and 120°C both provided the 3, of zevo gl dov matter.

HRY and i&?’*?;em:ss e éz:tm;?e»:i
defined as milled rice having # komel length of feast 8%

Hesd rice i

L 250

of its origingl length. To measare HRY
was delusked by 2 rubber voll buller (THU35A, Sauke
Enginewring Co., Lid, Osska, Japan) wmilled by g slee
polisher (TMO5, Suwke Enginewing Co. Lul. Osulin
Jupan} snd graded 1o obtaln whole grajes and head rice by
a rice grader {TRG 084, Swake Engineering Co. Lad,,
Osaka, Jopan), Whiteness of milled rce wes caloimed
using Equation (43 Uolor of milled rioe i the € 32 L*
thighimess 1o darkpess), o8 g;e:x:ixm» @ greenness), b¥
ivellowness 1o bluoness) L was obiained fmf EY
spectroslotimetsr (imSean XE Plus, Funter Assostaies
Laboratory, Ine, Virpinds, USA)

g of paddy

H 3 ” % 58 s an
Whiteriess =100 - 1100 - 29" s et 459 | (@)

Sratistical Analysis

Al exporiments were fripliome. The data were
abyeed wsing the moalysis of wrlance in 8 comphoely
randomized  design.  Signifieant  difforener moong
treatrnent was determined using Duncen™s multiple range
test at U5 confidence interval,

RESULTS AND DISCUSSION

Pryvi haracterisiics

Fleures Z-4illastrate the dhomge In MR of paddy with
dowe by VVIR, VIR and HaA drving vespeotively, As
propesed by Toveds (W, o paddy kol could be
constdersd 10 consist of twe components, husk and a
brown rice kernel, which are sssumed 1 fanetion w8 waig
ke, Pruring doving, the husk is mainly dried in }w %sm
shary porind, In the seeond Jonger periad, brown rice
kool s principaily drisd sod watgr tansfer from broan
siee s the iy slows down, However, sy seen i these
figures, it i ebvions that infrared radiathon provided wmore
uniform molsture transfer than hot B dhenld be
because of the absorption of Inflared radiadios inside the

e

paddy kemel which promotes the migration of molsmre
{13

from inside w surfaoe of the kel

Ag shown m Table
DR norensed with {ncreasing elther wmirared
intensity or hot air temperature (Teble 13 It appears that
dammrm DR of VYIR snd VIR toatments

and

maximam

werg

nsignificantly different. They wore alio sidsdeally the

same 2% the maxkmem DR obtined by HA deving of
IR drving ot 932
Win' pmmisad ﬁ*e %s* est maximum DR of 60180 pig
dry matter-min, which was about 9 thnes bigher than L}m:,
est mavimum DR of HA drving at 45°C She
2 time and higher maxinuan DR of VVIR dnd
be explained by uniform radintion cremed by @ vibration




swstem [5,6]Efort of vibraton was more pronounced at

wrond lotensity of 738 Wine® as the Jargest
difference botween the drving times of YVIR and VIR

drving st this infrared Intonsity was observed,

the lowess

T3 Win'

E4] 1] 2% ks
Time (i}

Fig 2 Drving cury m‘w»&*‘&‘&"’&dﬁmg of paddy at different
efrared inte

SETHeE

e T34 W2
e B3 Wi
et 957 W2

MR

ign
Find

4] i i 3% A0
Time {miﬁi

3 Dy ing curves of VIR drving of paddy v differom

s} Bt

i

] £ 204 30 4143
Time fomda}

4 Dirving carves of HA doving of paddy
Irving wamporaiures

are shown

Final tempe s of paddy during drying
i Table 2, Fisal femperature of the paddy w&émg{?mg

.

by higher than that of the ymm‘“*
smg E’!R iir}éng, It should be due 1o the effest of
u which provided well-distibuted mdiation It was
also cheerved that infrered sadintion could promote high
value of maximum DR while geserasted low paddy
semperztyre in the range of 30.3

Table 1 Drving times and maximam DR of VIR, VIR

and HA drving of paddy &
Deving Mazimem DR

condition (/g drv matter ming

L VVIR dry

%

3, B deving

fswi; 1R20.0004°

455 3
s P

=001 T

N 0 (00680 001 077

12670 40 GLOF040 0097

Differsnt superseripts in the same column areen that the
walues wre significendy difforent (0 < 005

Table 2 Figsl temporstures  of
sdergoingy VIR, VIR and HA drving

paddy

Lyvims condition Final wemperstine of

dried padidy ("0)

LOVVIR drving

T3 Wony

358 Wy

932 W

2 VIR drvi

T34 Wi

853 Wi’

983 W'

3HA drving

A5 TALA0e0 418
6o Sh 041
S0°C EY TS

120°C

kx5
fri

P
=
v

svalues are significantly differsnt {n =

Diffevent supe w*i»)is in the same ¢

Milling Quality of Paddy

The milling quality of dried ;w;kia; i
and whiteness are shown in Table
comditdon {elther infrared Intensity or o
the greater the HRY lost. The highest ;\c«g Caage ml K R"a

ned by HA drving @ 43°C, the lowes :
wimperature wed In fils stedy. The second  highest
percentsge of HRY was provided by VVIR drving &t 734

was ob



Wiy
operated &
HA drving).

Compparing hetwesn VIR deying at 734 Wi and HA
drving ot 12000, which wok the same drving time of 40
sain, HRY of padéy sublected 1 the VIR drving was about
2.6 thmes grester than that of the HA deyving. Medso of ol
suggosted  thet FIR heating  provides
modsture removal and moistare leveling [11L Hence
motsture pradient end stress development : ¢
keme! decresse and HRY could be maintaingd,

Sl is imporant e notice e laer can be
o (more than 14 tmes faster than the 4570

shmrlianeous

Whiteness of dried paddy wes in the range of 60-67%.
Deving time wes an bmportast factor affect the

whiteness of paddy. In the same drving owibhod, te
shorter dryving dme cansed 8 higher valup of whitencess,
exoept the HA drving, of which fhe paal level of
whiteness dained at the drying seaperaure of Y0°C,
Ir should be note that an nerease in infured lntenslty or
drving temperature which led toa decrease o drying toe
consequently resulted fnoa higher valoe of whitoness.
These results are g oontrast with fhose roported by
Taechipaire] ot al for superhensd steam fuidived bud
drying of paddy; higher dryving temperature lod o fowyr
weliteness value [ 121

Table 3 HRY and whiteness percentages
undergoing VVIR, VIR snd HA drving

< ol dried paddy

Drying HRY Whitencas
codition {99} (%3
1 VVIR drying
Va4 Wi 38318167 £1.8350,65%
853 Wom' 310027 48 GRS
952 Wim® 28380 89 64,900, 78°
2, VIR drying
T Wi B4 632 ﬁ,v,{tfz:‘f

833 Wom' 28312384
932 Wim* 2108015
3 HA drving
43%C 44074097 HELELH AR
BIC 36043067 BlLE8220.01%
B 1ETes0 AV ToRR
1290 13,57 [REE IR
Enfforent supersoripts m the same u,%umgz e that the

values are signi

CONCLUSIONS

In svemmge. VVIR drving prowided the highest
i DR, followsd by VIR deving and Ha deving,
r&xﬁ&ﬁﬁﬁzy, VVIR and VIR drying also reguired shorter
drying time while generated lower paddy temp
HA deving. HA drving st ow wemperture of 45370 was the
Best way o preserve HRY of paddy, However, B ek
abodt 14 fimes longer fhan VVIR drving ar 730 Wi,

rare thay

which offered the second highest percentage of HRY.

£

Whiterress of willed ree was bigher when drving thoe of
paddy was shorer,

ACKNOWLEDGEMENT 7

The finencial assistance ﬁ?ﬁ?‘x’é;’iﬁi;i-i by the budget suppon
from Faculty of Fngineering, King Monghats Institute of
Teshnology Ladkrabang Is gratefully sckoowledped.

REFERENCES

i Bonass, MA.
Influence of drying conditions

and Themelin, A

an the processing
quatity of rough rice Drying Technology 15 1140
1157 (19975

2 Khir, R, Pan, 4, Salim, A, Hosoogh, BR and
Mohamed, S, Muoistore diffusiviey of rough rice uder
infrared Tadiption drvisg. LWT ~ Food Sclence and
Technstogy 440 112611322011}

. du Peuty,

3 Meeso, N Farinfered hwéag i pasidy deving
pracess, pp. 225-256, in AP, Urwaye (Ed) New Food
Enpinpering  Resswch  Trends,  Nowve  Scionee

Publisher, Tne, (2008)

4 Das. 1. Das, 8K and Bal, 5. Research nove Drving

performance of a baxh type vibeaton sided infrared

dryver. Jowrnal of Food Engincering 04 120033

(20043

Nindo, Cl. Kudo, Y. snd Bekki, B Test mooddd for

sudying sun drving of wough rice vsing Brdnfrared

rediation. Drving Techmology 13; 225238 {1985}

& Mulumder, AS. Research and development in drving:

Repen:  wonds  amd ftows peespostss Diving

Technalogy 221 126 (2004

Jindal, VX, and Siebenmorgen, T Efect of oven

drying tempersturs and drving thme on rough dos

meisture poment determination. Americen Soud

Agricutora! Engineers 3 LIRS 192 (1987

& Assawsrachan, R, Sripinyowanich, 1, Theppadung
porn Ko snd Noowhorm, A Dryving paddy by
microwave vilwoluidized bed deving using single
mode spplonerdoumsl of Food, Agricolmre and
Erviromment®: 30534020113 '

9 Headgson, SAM A basic congept of exgg

modstere. Trans, Am. See, Agrie z:gs\ 3329 ()

Toyoda, K. Study in Intormitent drying of mg;&z fatesd

in a rechreulation drver. Proceedings of the &7

.Zmemwc nal Dieving Semposium IDE'8E, Versailles

France, pp. 1T117R (1988

11 Meess, Muhakaranakule, A, Madhivason, T, and
Sopowonnari, 5, Influgnee of FIR mdistion on paddy
meisiure reduction aad milling quality after Duidized
hed drying. Jowrnal of Food Enginesring 63 293-30]
2006

12 Taechapairei, O, Dhuchadaflava, L, Soponsomariy, 5.
Werchacuma, S and  Prochovawarbom, S
Superheated sieam fuidized bed paddy diving. Jouraal
of Foad Enginesn %0 67-73 (2003

T

]

f%xmtzm

i

i




i

e
Sk

P o
(€] (%)

B
E &3

P
k31

P
£

TOR Y
oy

B
.y

Ped
3k

38

The ‘!6”‘ TSAE National Cm&re:‘;& and the 87 TSAE International Conference
z;mz’%asmwmw %ém 18 U‘m*:ﬁ 2558 mmmww& as&é 8

Scientific Committee

Prof. Or. Somchart Soporronnant

Assoe. Prof. D, Wink Chinsuws

Assoc, ¢ . Parunanas Sirsormboon Committep

%‘:

Assoc. Prof. Ur. Sakamon Devahastin Committes
)

5%
&

vawarakom

k Nathasarangkule

Yerpohat Avihem Commities

Serposh Sudajan Committes
Asst, Prof O Sunate Susbkar Committes
Dr. Waragt Abduilakasim

Dr, Nyanskom Sutassgnamerles

Dr, Aruchit Cheesing

Commtien

. Vasu Udompetal
Dr. Daruwat Thangdes {ommittes
7, Damoimn Bunturst {ommittes
Prof, Viays Raghevan Crernittae
Prof.dvun 5. Muiumdar Corpmitles
Agst, Frof Munehiro Tanaka Comrmitie
Dr. Getrge Srredrick Comimitiee
Agst. Prof, Dr. Ross Prabin Kingsiy Ambrose Commitise”
Asst Prof, Dy Klain £ Heled . Comymitios
Prof. Dr. Xiag Do Chen Commities
Prof, Donsld T Slack
Prof. O, Dirk £ Mater

Prof o Nobutaks

trs, Dares Kittiyopas Committes
Mr. Akkapol Senanarong ' Commitiee

N, Viboon Thepent Comraites

. . R, T i
tiee and Secretary S il

Comenitien and Asst, Se




3

The 16" TSAE National Conference and the 8™ TSAE International Conference
W@x«%wﬁ%@mw awmzm&wms&m et 15 ii*z:ém 2558 mwm&st@ et 5

wwnnseansl (REVIEWER)

sivmiulaBussenn

£

e 2 &
& 55 s o Fomannn
% &% Ki,@%: BRI YN
5

7 repvnmadarueneds S
o o)
8 sevetintnsruaninis B
G
.
I HM B p fis IRELw

w

[
(%)

ot
&2

RRLEVENR an e




i e %4 s 3
17 sy Tewunn ufandy

. Bachadapom Kaowsium

1B onA RLIERA Hanafud

. Jeturong Langkaoin

1% 85 sLETURGen Sedes

st

£

g, Dares Kitthaooas

. Chorawgt Munkd

The 16™ TSAE National Conference and the 8" TSAE International Conference
ek melno sy R a5 16 Ui 2558 sesnduunred oii e

40

Wﬁmﬁg@:’gé‘z {REVIEWER)

s d

s N A
o

sfhumslalabraees &

W

aprfuveiuials

P E S e




41

AMARUIN UV

agUaldiemsaiiulasansive

TR JulsEUInEIY e s .
MUINA1 LG8 y Arlgane (Um)  AuMAe
N4lATINg -
mqﬂmns:ﬁﬁw%ﬂsn - - _
JUALTUIY

ANMDULNU - B _
Al 10,000 10,000 -
ANIER) 50,000 50,000 -
Arans1saUlan > - _
IUANY: ANATAUN -« - i




3)
e
)]
€

Uszn 3]

1. Uszifdiuda
Fo-ana 3513 eidAnladivg 2s8uaTey

Jiraporn Sripinyowanich Jongyingcharoen
Insénn 02-329-8337

E-mail Addresskjjirapo@gmail.com

2. amndsuiagly

PN 213158
AN/ N1AIBY VANGATIAINTIUNYAT
ALY AAINTIUANERNS

antuwmaluladwszaounddiaummsainnszds

3. UsziRnisAnen

Uitau AR RPN an1tumsAnw oy Ussine

N15ANEN

2554 Ph.Dj Food Engineering and Asian Institute of Uszinelng
Bioprocess Technology Technology

2549 M.Sc. Food Engineering and Asian Institute of Uszinalne
Bioprocess Technology Technology

2547 Ingenanstadin | Rausaadusigramnssy | anfinerdeinunimans | Usznelng
LNYAT

4. @ MAAUTIUIGY

® Processing of Food and Agricultural Products
® Drying Technology and Drying Modeling
® Rice Research and Development .

® Statistics for Agricultural Research




43

5. Uszaun1sainiIsvingu
2555 — 2556 91SIRLAWIT “ADANDNITINNITNNEWINABU” AAITNIFINTTUFINADY

AEIAINTIUAANS W TINEIFemAlULAENTEIMNATUYT
2554 - 2555  pnsdnAwmIes “Ioendntulunszuiunsulsglewns”
AnszwAlulagiinIm umninerdesedn

2552 AY88139138 WUsinsuiuuintuive gty Usednd wa. 2552 lngadn

SilaszrinauIngnaslaeltazanvumalulaguaeide

Y [

2549 — 2550 N9 Amnssuamiswazmalulagiinin anvumeluladuviasde

6. WAITUIY
Thanimkarn, S. and Jongyingcharoen, J.S. (2014). Thin-layer drying characteristics of Cissus
Quadrangularis Linn. and selection of suitable drying models. In the 7" TSAE International

Conference, 2 — 4 April 2014. Krungsri River Hotel, Ayuthaya, Thailand.

Jongyingcharoen, J.S. (2014). Thermal and non-thermal processing of functional foods. In
Noomhorm, A., Ahmad, I. and Anal, AK. (Eds.), Functional foods and dietary supplements.
Wiley-Blackwell.

Sonsanguan, N., Sirisomboon, P. and Jongyingcharoen, J.S. (2012). Selection of objective
test for cooked rice texture determination in research and industrial work. In the 2
International Conference on Engineering, Applied Sciences and Technology (ICEAST 2012),
21-24 Novemb_er 2012. Swissotel Le Concorde, Bangkok, Thailand.

Anal, AK., Ahmad, I., Sripinyowanich, J. and Noomhorm, A. (2012). Sustainable food grain
processing. In B. Tiwari, T. Norton, N.M. Holden (Eds.), Sustainable food processing. Wiley-
Blackwell.

Sripinyowanich, J., Sopanattayanon, O., Assawarachan, R., Theppadungporn, K. and
Noomhorm, A. (2012). Effect of moisture content of dried coconut residue on its shelf life,
quality, and sorption isotherm. In the International Congress on Food Engineering and

Technology 2012, 28 — 30 March 2012. Impact Convention Center, Bangkok, Thailand.



a4

Sripinyowanich, J. and Noomhorm, A. (2012). Effects of freezing pretreatment, microwave-
assisted vibro-fluidized bed drying, and drying temperature on instant rice production and
quality. Journal of Food Processing and Preservation, DOI: 10.1111/j.1745-4549.2011.00651 .,
available online March 2, 2012.

Assawarachan, R, Sripinyowanich, J., Theppadungporn, K. and Noomhorm, A. (2011). Drying
paddy by microwave vibro-fluidized bed drying using single mode applicator. Journal of

Food,AAgriculture & Environment, 9 (2), 50-54.

Sopanattayanon, O., Sripinyowanich, J., Assawarachan, R. and Noomhorm, A. (2011). Effects
of temperature and thin layer on quality change of coconut residue. In the 12" Annual
Conference of Thai Society of Agricultural Engineering, 31 March = 1 April 2011. Cholchan
Pattaya Resort, Chonburi, Thailand.

Sripinyowanich, J. and Noomhorm, A. (2011). A new model and quality of unfrozen and
frozen cooked rice dried in a microwave vibro-fluidized bed dryer. Drying Technology, 29 (7),

735-748.

Sripinyowanich, J., Assawarachan, R. and Noomhorm, A. (2010). Microwave vibro-fluidized
bed drying in a single mode applicator. In the National Science and Technology Fair 2010, T-
22 August 2010. BITEC, Bangkok, Thailand.

Sripinyowanich, J. and Noomhorm, A. (2009). Effects of heat moisture treatments using
microwaves on properties of rice flour products. In the 4“7 International” Conference on
Innovations in Food Processing Technology and Engineering, 19-20. January 2009. Asian

Institute of Technology, Bangkok, Thailand.

Sripinyowanich, J. and Noomhorm, A. (2007). Identification of @ non-aromatic rice (Chainat 1)
in mixing with an aromatic rice (Khao Dawk Mali 105). In V.M. Salokhe, H.P.W. Jayasuriya and
P. Soni (Eds.), International Agricultural Engineering Conference, 3-6 December 2007. Asian

Institute of Technology, Bangkok, Thailand.

Sripinyowanich, J. and Noomhorm, A. (2007). Study on quality of Thai aromatic rice. In
International Workshop on Food Safety and Processing Technology, 29-30 November 2007.
Nong Lam University, Ho Chi Minh City, Vietnam.



45

Sripinyowanich, J. and Noomhorm, A. (2006). Identification of a mixture in a Thai aromatic
rice (Khao Dawk Mali 105). In International Conference on Innovations in Food and

Bioprocess Technologies, 12-14 December 2006. Asian Institute of Technology, Bangkok,

Thailand.





