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Abstract

Project Code: MRG4680033
Project Title: Drying of cooked sticky rice by superheated steam and heated air.
Investigator: Mr. Nattapol Poomsa-ad
Faculty of Engineering, Mahasarakham University
E-mail Address: nattapol.p@msu.ac.th
Project Period: July, 2002 — December 2007

The objective of this research are to comparative thin layer dying kinetic of cooked
glutinous rice for superheated steam and hot air temperature 130,150 and170°C . In the
experiments, moisture content of cooked rice are 12,14and 16%db. And comparatives physical
property of drying product and frying products in term of bulk density, true density and
expansion ratio. The experimental result show that at temperature of 130°C, the drying rate of
cooked glutinous rice using the hot air is considerably higher than that of using the superheated
steam , However, when temperature in crease more than 150°C, the moisture reduction rate
obtained from the use of both mediums is almost same. The two term equation was suitable for
predicting the drying rate of cooked glutinous rice . The physical properties of cooked
glutinous rice in term of Lightness a after dried and after frying with hot air were higher than
superheated steam. But Redness and yellowness superheated steam were higher than hot air .
The moisture content affected the bulk density and true density after dried and fried . The
moisture content increase bulk density increase from 536.57 to 568.14 kg/m3 for hot air and
from 541.92 to 563.96 kg/m3 for superheated steam , respectively, with an increase in
moisture content true density decrease from 1077.84 to 1001.33 kg/m3 for hot air and from
1186.29 to1057.98kg/m3 for superheated steam . The fried product also ,when the moisture
content increase bulk density increase from 285.77 to 307.72 kg/m3 for hot air and from
273.44 to 308.35 kg/m3 for superheated steam , respectively, with an increase in moisture
content true density decrease from 371.66 to 309.12 kg/m3 for hot air and from 409.69 to
375.90 kg/m3 for superheated steam . The expansion ratio after with out significant difference (

P> 0.05)

Keywords : Airless drying; Dehydration; Drying equation; Grain; Sticky rice
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2. qmﬂgﬁmaaﬁaﬂa’mgaﬁ%a@‘hﬂ’h inversion temperature ﬁﬂqmﬂgﬁmaﬂaﬁn

3a%e708959n97 inversion temperature myaunitadas latihseusiaisazisininanson
3. ANNAK baTad beinTaueaf luszuUauwY tnltanuan latinTauuai

a X o a £ ' o = o Y v = &
LWNTuﬂqﬁNﬂizaﬂﬁﬂqiﬂ’]ULﬂﬂ?qwiauﬂ"ﬂzg\‘]@nu Yl’]l%ﬂ’]ialll,m\‘il,i’mu

gumMIaULAITRLIIRTonLd e 3 1fiafie sunInenged, suniang
noujuszaumaey iwiifs lasfisunseuuiinmgujfnonnnefauiivesiluisg
Aa Y & A A iy [ ] o A
nilassaumolwdugngu muefeuniveshluisganlngeglugdvesweanainiduug
a9 N ANV VT UYDIA NN TUFINNIN N BT UFAINTILANAN IR anNVa Nl
% U { Q a a Ilg/ 1 a v 1 ]
snauzmIuniiladulaninsuniluagiugmngiinreuuis udatslsnauaunis
o =) o J 1 1 a Q
nnqujihwinneslumaliensddwwinniuegiuunweiniadiud
o & o o \ o
sumsauuiinengedidusunisdiiassmssuuisuuudng g lasmsisunsnongeg)
a U J [ o a Qs a lé o v ]
nAenzAliiedu uazlidesihunssvesnfadmiinnfianson Svildaunislidfiana
TUTaY
& A a A o o o !
suM3 Henderson t{ugumsninguiuuuusniianlglunsdswimsansdin

d‘y a a a4Aa s dy
AUDTU IGIEJW%’]‘EEWWLQ‘W’BL‘Y]aﬁJLLiﬂI%ﬁﬁJﬂﬁTﬂ’]\‘]'ﬂﬂEQ NNE‘LJLL‘]JTUE‘UJT]’]?@N%

M, -M
MR =——==A exp(k,t 1
e = Aexp(ky) ")

1 e
FUNT Two term 1JURNNINETUIEMTOLUAINITOUUAIHA LIAIHNRIIY
usdanfiad (Lahsasni etal., 2004)LLazmsauLLﬁdﬂTﬂLﬂﬁaﬂI@UmﬂﬁﬂWgEVL@GELU@@T’m"la
1}¥ausai (Taechapairoj et al., 2003) laatgnssinnala I@ﬂﬁgmmuawmimﬁnﬂ N3

WIIBNFDINOWWINIUFNNIINNING ) G99

M, - M
m = Ab exp(kot) + A1 exp(klt)

(2)

MR =



sumsauuwisenwsadadlnaumsiltlumsrmsdanmsauuisled ued
Fosrfansdanlumisuuisdesasanuan1IzMIMAsas suM3 Logarithmic equation 1iu
sumaanlwsadaillumsvwesannsauudslunianani Doymaz (2004) and
Yaldiz et al. (2001) 'l¢d I@ﬂgﬂaummnﬂumnﬁuwwmﬁmaﬁ‘LiT’]"Lﬂ&LuaumiamLﬁamaa

Henderson 3UuLULY8IFUNT Logarithmic diaads

M- M,
M, —M,

o A a a g A g dAa < A a o A
ﬁl]ﬂ’]jalll,l,%\‘]l,a&lvlawciﬂLﬂﬂaﬂLLUUVIuﬂqﬂLﬂuﬂuﬂmﬂ’]qﬂﬂaﬁwﬂqi Page NEﬂLLUUﬁNﬂ’]i@Gu

MR = A, exp(k,t)+C (3)

M. -M
MR = ———= =exp(k t" 4
MM pk,t™) (4)

i e

sumsiugunsildlunmsinmesanmssuudaninlnauasDoymaz and
Pala, 2002)n3auL#dd13lwa(Doymaz and Pala, 2003)asaimasen laa

nnneasuMfinandedulslunsinsdnsmsanzrssmaLITes
amasaulaa

gmsumsauuesglerindousaaislusozdudumssuuisaziionseuuing
Arvaswaasme  (Dutemug  usstasudunseuwdias gilifuundisaseuniims
ATAAMRAS FNU18T293a109na12 b6 (Tang et al., 2004; Taechapairoj et al., 2003)31NHA
é’andnazﬁﬂﬁé’mwehum’]u%ugaﬂ’hé’mﬁ’mmmeﬁuﬁuﬁmﬁﬂﬁazl Gatiw Tang et al. (
2004) FguNTaLLAY  Page’s equation andaudasindrnfiaslusunisialw
Nzt UMYhwsmstianseuwikuesnmsauuisdeletinfausaaduazden

FUNIHIT FUNIAALUKY Vad Page

MR =M _ o expt”) ©)
M —M,
8 MR fa SANFINANNTY
M, fa anwauiiaala 9, % dry basis
M, fa mm%uamga, % dry basis
M, A8 ANUTUSUFU, % dry basis

=y =
t A IR, WIN



Ao.Bo kokin A winliaasuasaums
lumsilaneharwinieesans guesaunimssuuisielasldinafiauasmsienet
aanasuuy i ugaau (nonlinear regression)“ﬂaoé'mﬂmiauLLﬁ\‘J(MR)@ianm(t) ARIP]
AerEnIInanay IAMIANNFNRUSLULNAILATI(The exact fiting)3znisgmngiinig
AULAINUATWITI RSN IaLUAIR 8NN IQuadratic

r=aT°+aT +a, (6)

=

W y dwniieesnmimasasannauniauwiiniianigmunniiane g

q

waznananHeslsdn The sum square error (SSE) A9aNNNT

N
SSE = %Z(MRexp - MRpred )2 (7)
i=1

2
[

L AT LI TN LRAIANRINITD NI U 8T aIFUNNIINYUNNN 8T LU NN INARAILAZTIA

FRUNTIALHA mzauﬁqﬂiumiﬁﬂﬂf@i a
2.6 n9tilagwniladuoda1nistibasaINnNIsaLnREY

nsauursvh ldiAam sl asuulasuasanvisuinniasiagy %uagﬁuﬁismﬁmaa
dl v o t:l»d

ATWIILAZ NN T IWNNTaLLRS adtkaa

2.6.1 MINAA MILFDINTNALTARaIMITRAAIINNEINEN FIRNUTIIZAIRATN
16 grundannitaz gl amnndinuinaznasidaidsiuin mMsvinuidatneasas
NAMUNITNNIVIUAIDE9T

a a P ° v o Aa o &L A o =

262 MIUIIBT 9 MMITNHIWAIYNUAINN D RIT U WLIEIINNAMNTOWATD

Ujiteaiimiaifafmiens gangiinastamnenmsianuou 10 — 20 % Inasaay
o P a A a \ & X

CINYBIR TIAITRANL mqmﬁgugalumammmuu

2.6.3 nmInaLlaanuds Lf‘ﬂuﬁﬂwmzﬁﬁ’gm‘mmﬁaLﬂﬁaﬂﬁwmﬂuﬁﬂ‘a"lajuﬁa"ﬁ
LA lwgsnanlwvinssveisaan il inannewlwafaunnuiNEg linw ialansazans
Aa9tea 1UsAAFawNILTIAINH mmmﬁﬁﬂL§mI@U"L&ﬂ%qm%gﬁgmaﬂ%mmﬂﬁ
ﬁmm%ugmﬁa"l,aﬂﬁﬁ’smmsttﬁaﬁaunaﬁumi

2.6.4 MIFIANUFINITOIWMTARIAIN  DNMITLFIL N TRAG DU AURATN
uensAnaN N laam Nt a2 lulazrniwinianiau Lwa:msﬁaﬁmmmﬁmmmﬁwrg;u
°ua<1NﬁfqLsﬁaa’uaﬂﬂiamﬁummmmsnsl,umig]@ﬁﬁ 2WINYLAIT I8N TUTL o NIz R

A AaA V o o A ° o & A A

mmmmsﬂlumsmamww@‘nq@ e L e lwanusaunazinaantidiraswIatlfun

U 6 a
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265 MIFENMIaIMIIUAzAIREIMY iRNsLReNaMsTasImiuduszue
safiwnndfsmeandiatulslunadvainnuasinezfuananuion Seldiavmukanu
miggzyLﬁﬂﬁﬁwm ls@uiimsgyiioundudioanuiawdwdsiniu maguidoas
sumpiflasnnanuiowiliniurasemsuissatosssndauandrslanidy

2.7 ﬂ’J']N%%iWQJ'ﬁG}

A & o a S Aa Y A A ) o A A @
aNuTULIuaIUanUIN WY aﬂu’]ﬂ&laﬂlu'ﬂ ﬁ@! LUBLNYUNUNIRY DN a@!“ﬁu'ﬁfa LA

U

AMVTWRINIIOUFAI LG 2 WLy e

1. mm%ummgmﬁ]m
w-d
M, = (_j (2.1)

A A & A .
Wa M, A8 anuTuNasziwdun (wet basis)
w99 128U89IRY ke

d A IMIFQUIAY ke

v
a

anyruupuifioulslumemdn laem 9 ldazdedslugdvesdaiigud

2. ANUTUNIATIINLAY

M, = (WT_dj 22)

A9 ANTUNIATZIRURAY (dry basis)
w A2 NIAVBIIRY ke

d A8 WINTEQUAY ke

AUy ionlslunsinnsinszuiumsauuiininne sz

v o J { v s 1 d 1 v
Iﬂmimmma:mﬂmu Whasanunauie E]\‘]’Jﬁ@lﬁﬂ’]l,ﬁ am:mﬁlmzmwmiau A
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INFUNT (2.1) Uae (2.2) FNITARIANVFNAUTIENIN A1WTUNIAITIN

= d‘y 3 v d‘y
11 ENULRSAMNTHUIAIZIWLAI VL@]@N%

Md
—-— d 2.3
"My @3
M
M, =— _ 2.4
T (1-M,,) @4)

2.8 AMURB BT

e umnnfimaifadydmiedldlunsoonuuuiesanuis uazld
Usznavlumadienzinszuaumasuuiy uvesnlaidusasoiia faanunuiniuads uae
AMURINUIRITING ANAInIUUKATIMINsRIEaTEIuTeNIN TR TRgdaTINaTIa TR
mumm%mLLu',uﬂi'mg]ﬁ'ﬂl%ﬁuﬁ'a@;%aﬂaasawﬁ'ua%il,ﬂuﬂ'%mmmﬂ LRZHUNLTITAINRIN
PaaRIRGaLINAITINNG %amuﬂ%mmmaaLﬁ@i’ﬁ@LLa:ﬂ%mmmmﬁﬁLmiﬂé'ha%imu
T893 FAFIUTAITNVBIOIMA  ANVAUILURITILATANVAUILUULIING &
AANRUET WS

e=1-2 (2.5)
Pt

=) [

Wa € A9 RARIUTDINNIDINE
A ' 3
p, A8 anunwwuunlIIng kg/m

P, A8 ANURWILUUIIFI kg/m’

Taunm ey FUNWETERI AN VAL U HITILAZANT Y HIDAMNRILUL
& o o A v A = V¢
Usnguasanun wmwu’l,ugﬂaumsmmau FIENNNI L AR 3T
p=a+bM (2.6)

Wo P A9 anunuutn kg/m’
M @8 ANUTUVDITHG % dry basis

A ' P
a,b @82 AaIN



@hé’ﬂmuﬁaodwmmﬂﬁ'ﬂﬁuagﬁUﬂawu§u1u§ﬂwm:L%aLﬁumuﬁu dawledn
e=a+bM (2.7)
e € e dedimtosinseime
M @8 mw%umaﬁa@g % dry basis

A ' A
a,b A8 AN
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uNn 3

A5N1INAaas

NI RFNININARDIRIIAUAIFAINITOULRAI NARAILUTHUAIUMToUWAIAE
lasinFansiadiuazainasand qmﬁgﬁﬁ 130 150u8% 170°C maauﬂ%ﬂmﬁwqmmw
v wa v & { v v U Z/ v AI >
AR LLazaummommmwmawnmﬁmmqﬂﬁ"l,@mﬂmiauLmeU"lauﬁiaum@mﬂu

NIAULRIAILANNFAI DY ;ﬁ%’ﬂﬁ@htﬁumsé’aﬁ

' d: = ¥
aUnsaln1InNAaBILAzLAIBIND IR
6
1.Qﬂmmmsmaaa
1.1 L.e3adauuraaae tatinsanaiab
dl' v d' =1 a v a? & dl' % d'an s
LATDIAULFIN M lnIINaaasdnEn lvn1T3 8% WA sasauwiIniaaszau
YSana3aaimnITumansiaiodna(MInea) 4 aw uaz AxaszaulSugiInaan
INALIAENEIING NN UEABNITIARI  ANBHSAIINNBIESNINNNTTaw lasind
U "laﬁw:gﬂﬁﬂﬁ%au‘[mﬂqﬂmnﬂﬁmm?aunmmﬂuvl,aﬁ'l%’aum@@a PRINTIUDL
HuwdingiasauuiuiesaanuTuIaINAATTUN I@uﬁvlaﬁﬂmwm:gﬂmuﬁﬂuimu
= Q { v v : v AI { ‘é
NAAW am:mmwU&:Lﬁﬁ@mauﬂ%aaammamﬂ"l,amsaummw,l,amlugﬂﬁ 3.2 493
6 % £
qﬂmmmnﬂs:ﬂaumu

1. AaIauwid Lﬂugﬂmam:uaﬂﬁ’]ﬁwﬁa Schedule.40 @200 mm. WAZEY
600 mm. mumaém%umsgwﬁmﬁmeﬁ BN FUAULAF

a

2. qﬂmrﬂﬁm'}ﬁau( Superheater) 4TU10 9 kW I@mﬁl,ﬂ'%f'aamquqmﬁgu
LUY PID AeNAugndad + 1°C

3. ﬂ’@aw( Blower ) Lﬂ%LLUUL%%UdIUﬁ@IﬁG%ﬁG( Backward-curved centrifugal
blower ) a1315aU5uANSITaU e

4. w39 Lfialatin (Boiler) 3119 200 kg/h
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1.2 gaulW#(Oven)
LNAAURIAMNTUYAITNIRTEEIA88190 103°C LTWIaT 72 3. WAIAIWITE

aURNNIA (3.1) uaz (3.2)

A A o
1.3 Lﬂiﬂd&la’miuﬂ’]i‘ﬂ@aad
& Xa v A A o Y
luﬂqiﬂ@aaﬂﬂj\ﬁuwﬂ']{LTLﬂiaﬂuQ’J@ﬂizﬂafu@jU

1.3.1 gannfizasenmedeuuaslothiouniadsladiomasluduiia Type

1.3.2 NN VDIAINAIAULRINANILLATAIIAANNLIIRNLLLUARIN
(Hot-wire anemometer) £98 Testo g’u 425 ﬂ"]ﬂ"l’mgﬂ(ﬁ‘ 29 + 4%
1.3.3 10309591 MIN B8 OHAUS 31 Explorer A114azt880 0.01 g Uaz

0.001 g

NSLAYNAIDLN

ihdnwileaiug n.6 10 Alaniulvinisugi(soaking) 12 Tl AU
o & U o 1 A 1 v & N a
WU (steam) 52010 30-40 w171 w2 lanaustladsaslwiiuad lwnnsusdaiduaan

12 1. AAUILTILATAIALILA

NITHIRIRIB NS

A

o @ a a o & @ [ ¥ [ P [e} &
mmnmummaam‘smm%ummavlﬂausluglauamaumqm%nw 103°C iwm

U

72 Tlastahwinnasnesuis  ndayatihminuiiaansananedu w nalagld

AIRNANTN 4.1 Uazs.2

W-D
M(d.b)="— (3.1
D
W-D
M(w.b)="" (3.2)
W

Wo M(db) A8 ANMNTULABRIUNINITINLAY, kgke
M(wb) A8 ANNTUABFIUINIT TN, kgke

W fa wun m nanla 9, ke
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D Ao shmeinust, kg
V.3
Drying chamber
V.A
V.2
V.4
Superheater
Blower Boiler

MWUIZNaY 2 ITULNTaLLRIAI8 latinTanaa b

2 a P
NIINARDIDUURIV AR EIRIFN
1.4 nyauuwstnmieieylatinTausiass
1.4.1. 17e718207% 1 (V.1) Lﬁasl,%”'l,mi’uﬁ']gjszuu I@mﬁ'ﬂmzuunﬂé‘sgmﬂ@
u,azqﬂﬂsm‘lﬁmmﬁ”auﬁﬂmmumzﬁaL‘ﬁuvl,aﬁnaaﬂmmﬁ'sizmnm%ﬁuﬁalﬂaﬁﬂvlé
A o '

mmﬂwmaaglm:uuaaﬂvl,ﬂ

1.4.2. Ta1Na2101N4.(V 4)

14.3. Lauﬁ'@awm"ﬁlumimuﬁsm"laﬁﬁaummﬁa USUaaTIMT IMaTad baiin
FAULIATILRININDATINIT MARTAI Lot TansI0 8 INY 1 m/s

1.4.4. U5uievasldanusan lﬁqmﬁgﬁmaﬂaﬁﬁaum@@a 130°C

1.4.5. TIAINAZLATI LASHIRBNNRAN NN NALUNTINDWNITOL LIS

1.4.6. TNRONUNWIDNATWINITHBIAU
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L ¥ o a o & a A . A ' ” o
1.4.7. TamsnEAaAusinn 10 Jwh Tug19 2 WALIn AaNNFIN
hniinniadmsinng 3 wiil awnsznahninkRa uyiam
1.4.8.L1J§qumgﬁ"laﬁﬁaumwﬁuﬂu 150 ez 170°C UE19U WAZFILIIY

NINARDITIAING 4-8

1.5 mysuukstnmiteaseleinfangiais

1.5.1. Jandreadi 1 (v.1) ielfanmedudananslwmsouuss

15.2. Tansrea.(v.4)

1.5.3. Lauﬁ'@awmﬁum‘smuﬁﬁummﬂ USUEATIMT RauBI AL
1ABATINT MAVIBIMATEWYINAL 1 m/s

1.5.4. Ysue3aslianuion IWamnpiivasarmaion 130°C

15.5. FIinminaznTs LazimnNEAA TSN AZILNTIRa%ANTALILIAS

1.5.6. WNAANMMNWIaNAZLNTIENRBIaL

15.7. %@ﬁﬁﬁﬁﬂwﬁmﬁmsﬁnﬂq 3wl aunsERaTnnNAaS e R
1.5.8.Lﬂﬁauqmwgmaﬁﬁaum@ﬁaLﬂu 150 Uaz 170°C UKL LazF LA

AMINARDITIAILG 4-8

1.6 MINAROUR
QmmwﬁmﬁmaﬁnmﬁmauLLﬁoﬁaqﬂﬁwm’%‘aq Choma meter
(Minolta:Model-CR 300) Savalwnaudiuys La baz b lag L uaada1anuaind(lightness
parameter) a LLﬁ@dﬁﬁ%LL(ﬂ\‘l(redness parameter) LRZ b LLﬁ@\‘]ﬁﬂamﬁad(yellowneSS parameter)

daumsiannesiliuifisuiniaslalosnslfuruinasgudduaziumn

1.7. NNIN8A
mﬂﬁnmﬁmﬁaqﬂmm@ﬁq HUNUUNINAZIN MR NaNaa TOMEX 7% DF-243 Tag
NAANIBLNIATINZS0 NIV YT awindw 2 fas m@ﬁqm%{}ﬁ 200 °C 1281 20 3w

nasanwwinalatslgiatlaniin ﬁauﬁmﬁmﬁzﬁqmmw

1.8 NMIRIATIFIUNITNEIA ( expansion ratio)
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TaaNTIAANURIIANNLWITATUDIFIDENINAUNDA LAZHAINDA F8LIDTLIEAT
faiasuuudlmeas Mitutoyo 3 CD-6” CS DAINFEIUNNINBIAIFIUILAY (Math and

others:2004:429-434)

_ Dia. after frying — Dia. before frying <100
Dia. before frying

DE

(3.3)

1.9 @NUAUWLU (bulk density)
lapshdetetihmindioinIestadidnan B%a OHAUS J1 Explorer A11NazBHA

0.01 ¢ 50 N34 udiaratn9lUlanszuanas v1a 500 ml LiNawIUTIAT waAN

ATWITRANIA M URWLL U

1.10 @MURWILUWAIN ( true density)
lasmsihenadne lTidoiaTasTs G3naniiia OHAUS ju Explorer 110 30
N33 YNNI 0ANNTIVNRINLAINNGI IWNTZUANAY FEUNLYINGI0EN9NAIIwATZUaN

A9 AWANA  LAIENBUSNIA TN TIATUANLEIINHANIAIWI AR TN AW

1.11 NMINARALAILID Scanning electron microscope (SEM)

NINAFBLAILAD Scanning electron microscope (SEM) 2@ aINAROLAILNAD
FANTIABIANATABUUUFBINTIA é’ammlugﬂﬁ 3.8 %aﬁmdo&haﬂwalﬁguﬁm’%adﬁanmo
WAINIRLNAIRIIANY Lﬂupj‘maau Tagazgadsnlatng 2 anwmefa NHIVaILTATY

a Yo w & @ ~ v & o P A
Wt ey 3,000 X wazmaluaasdetniwien lagnswnuadnimwieinay

NAFALLIIMAING 1‘1?7’3’150?]&]’19 1,000 X lLaz 50 X



unNn 4

Han1InNaaay

ﬁnﬂmimaaaﬁﬂmmsaumenmﬁmmqﬂmuvl,amiaum@mu,a:m
maﬁ”auﬁqmun“ﬁ 130 150 was 170°C ﬁmummmina;ﬂNamsmaomuﬂ%ﬂmﬁsma
mamrmiammw’nmﬁmmqﬂmU"Lamsausrmmuazmsammamﬁmmmau

maamuqmmwﬁmﬁ gutanamumwlaassalud

ARAIFASNITDLIUIRI

o ~ A

luﬂﬁﬁ"fl@]ﬂadﬁﬂiﬂﬁﬁ]ﬂuWﬂﬂﬂﬁ@lgﬂﬂiaULLﬁG“ll’TJLV\%U’J%GQT) LLﬂGVLﬁLﬂuﬁax‘]ﬂiiﬁ

P a

s ¥ v v é v :’ v AI
a9% Ao ﬂ’]iE]‘]JLL%\‘]T’]’JL%ﬁU’J%GQﬂ@’JEIVLE]%'Wiﬂ%U’]@El\‘l“f]ﬂm‘ﬁﬂ&l 130 150 ez 170°C ez

9 U

v v é v v { a d = g,
ﬂ’]‘iBULL%\‘]ﬂJ’]’JL%ﬁU’JMGQﬂ@’JElﬂ?ﬂ’]ﬂiﬂuﬁﬂqmviﬂu&l 130 150 |z 170°C ﬁﬂ’J’]?JL‘E’J?Jﬂ\‘]vLE]%W
@ a P v o P a o  ed o
iﬂuﬂ’)(ﬂEldLLﬂZE]’]ﬂ’WﬂV]VL%ﬂL?ﬂ@E%ENB‘]J 1 m/s I(ﬂmma"uawa@mme’mﬂ"ﬂumiamma

0.150 kg I@U"lﬁmaaaﬁﬂmwamaaqtvm{}ﬁLLa:é"mma@iaé’mwmsauuﬁa

a

fSRILAATINTAULRIETUN U"lﬂugﬂmaa AATIEIUAINTW(moisture ratio) lagl

2
Y A

RIUTDL D UURNNITONUTUN T LA G35

MR = Mo
Min - Meq
A A & a g &l . .
LD M, @8 ANMUTUHRAN UM NLIALA §, dry basis decimal

Ao ANNTUINAUVBINAANTUM, dry basis decimal
A8 ANNTUANGAL, dry basis decimal

€q

LﬁaomﬂLﬂumiauLLﬁa‘ﬁqm%gﬁganiwa;mﬁamaaﬁw AINUANMNTUVDI

P &a Al va . o &
Na@mmmwlﬁumwmaaaumlmmmmug{um

Na"uaaqmwgﬁwméf'snmwiaé'm‘nmiauLLﬁ'a

v v v ‘é v v 1
mnma;&amﬂ Namsmaaoaumenmﬁmmqﬂmﬂmmmauwu’nms

'
° a

auLLﬁ’aﬁqmﬁgﬁgdmmma@mm%umaawﬁmﬁmmﬂﬁﬁaﬂ'jwmsauLLﬁaﬁQMﬂQﬁﬁ@ A

a

{ [ a £ ] % Y d
LLﬁ@dl%ﬂq‘W Usznay 3 Lﬁaﬂ'ﬂ’]ﬂﬁuﬂizaﬂﬁﬂqjﬂ’]ElL‘Y]ﬂ’J’]?JiE]ufUadaqﬂqﬂiauﬁqm%ﬂuaﬂ

aU U



1.0
i —e— HA130
81\ ---0--+- HA 150
- \: —-¥— HA170
= g
3
SEFY
2
N
[
e
)
L]
g 4 A
S
=
2 1
0.0 T T T T T T
0 3 6 9 12 15 18 21

Drying time (min)

AMNUTenay 3 WSHUNEUaATINIaLLAINI8aNATaWNA 130 150 Waz 170°C
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12 —e— SHS130
--0-+++ SHS 150
—-v— SHS170

Moisture ratio (%db)

Drying time (min)

Mwlsznay 4 WSsuiguaaIINITauwrIae lasinTans1atdn 130 150 waz 170°C
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v v té v :/ v AQI 1 1 v
IMNHINIINAXDIDU LAIVUI L%ﬁﬂ’)u(ﬁjﬂ@’) Uiﬂ%’]iﬂuﬂ’]ﬂEJGW‘]J’II’WSL%"IT’NLL‘STT’II 23NNV
é’@]i']ﬁ’luﬂ’?!”l&l%uaﬂLLﬁGiﬂGLﬁad"ﬂ"lﬂLﬁ@]ﬂ’]iﬂ’)ULLﬂumﬁldeaﬁﬁ ﬁqm%gﬁgammma@

mm%wnaaNﬁ@ﬁmsﬁlﬁﬁaﬂfhmiauLLﬁaﬁqm%Qﬁﬁ@‘h AIuRAILAIWLIzNaY 4

{ Qs a A€ 1 v :’ v QI a 1 1 { a
Lﬁﬂﬂﬁ]’mauﬂi:aﬂﬁﬂqﬁﬂﬁlElL‘Y]ﬂ'T]ﬁJiaW’ll 8016%’736%8'}@] mﬁqmﬁgugaﬁmmmﬂﬁqmﬁgu
¢ a

d ihlwanuseudromanlavinsausadsluginaanmriina LT lwn3ssvresin laaindn
AT LIt Aa a0

NA2aININANNITANYNAMNITANADDAIINITALILRS

A a A v o @ Y e A A a a o A
LJJ?JL‘]J?UULVIEJ?IJH’]SEJULL%G@’JU aﬁﬂﬁﬁ‘iauLLavaaWﬁauﬂ’J@U\‘l“ﬂaqﬂm{l]ML@EJ’Jﬂu N

amnnil 130°C mMsauuITsanmafasmunsannuinldsininmssuuisdelasiidon
a8 aouaaslwnnlsznay 5 ‘ﬁ'qmﬁgﬁ 150°C saTIMIoULRIGUTalnataesnn a9
qm%gﬁﬁﬁﬂﬁé’mmmuLtﬁomﬁﬁm‘%ﬂﬂ’h gIunNUNNNU(inversion temperature) AILERI

lunwisznau 6 Wazamrnd 170°C é’@mmsauuﬁa@hU"Lm{ﬁaum@ﬁ'oL‘%Ngaﬂdﬂmiau

A8IMATAULANRLAILRAI LA WL TzNALN 7

1.4

1.2 —&— SHS 130
-0+ HA 130

Moisture ratio (%db)

Drying time (min)

mwisznau 5 WSsuiisuaanmIauniisylatinangratnazanngsaun 130°C



12 —@— SHS 150
~O-- HA 150

Moisture ratio (%db)

Drying time (min)

mwisznau 6 Wlsuisuaanmsauwiisylatinfansradsuazainiasaun 150°C

1.2
100 —8— SHS 170
2 O HA170
Z 81
s
£ 6
«
S
e 4 -
B
2z
5 2
0.0 1

Drying time (min)

mwisznau 7 wWlsuisuaanmsauuiisnylatindausiadiazainiasaun 170°C
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ﬁnmla;&awamsmaaomiaumenmﬁmmqﬂm zlvl,amiaum@ gLRSINA

Fawla lavinmsiSauiisy FUMIFUULUNIATLAM gasauannIn (3.1) 99 3.5)luns

Janzdimnieesand guassumInsauuid lelasldinafiauasmyienzioanas

wu i dui B9 du(nonlinear regression)U898ATINNTOLUWHI(MR)GBLIAN() HANTILATIZWANT

nanay MNNMIANVFURNUTULUUNUATI(The exact fitting)TznI9gmaninTauuiIny

ANITRLABSNNIBLUAIR 8NN TQuadratic

tﬁq’y YV I @ A Jd‘
uﬂﬂ‘iﬂﬂuﬂdl"ﬁﬂﬂ The sum square error (SSE)L‘].I%@]“H%‘]JG"IT‘Y]LL&@N@]’J’W&JR’]&I’]‘SQI%T]’]S

MW 8UaIIUNM TN TLIUNANIINARDILAZTIA TN Tﬂil(ﬂ WaNzaun E‘qT@]slauﬂ’]iﬁﬂvLﬂsL“ﬁ

dall auaaslnanIe 8

M3 6 @hﬂaﬁawmsmsauLLﬁﬁumo“ﬁnmﬁmﬁoqﬂﬁmmmﬂ%’au

Media Equation T (C) Drying Constant R
A, k,
The Henderson’s 130 0.97643 0.16752 0.991
equation 150 0.98384 0.25486 0.987
170 0.99503 0.36607 0.996
k, n,
130 0.25385 0.80367 0.998
The Page ’s equation
o0 150 0.41351 0.71692 0.998
R=
,%‘ 170 0.51267 0.76475 0.999
8=
‘é A, k, C
130 0.93147 0.20815 0.06507 0.999
The logarithmic equation
150 0.92598 0.32645 0.07218 0.999
170 0.96771 0.40759 0.03099 0.999
A, k, A k,
The two term equation 130 0.72932 0.26046  0.27095  0.06927 0.999
150 0.78583 0.39186  0.21394  0.07740 0.999
170 0.73820 0.53358  0.26179  0.16698 0.999




a9 7 @hmﬁawmsmsauLLﬁo%'uU’mi’nmﬁﬂ’;ﬁoqnﬁa e'lavinTonaai
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Media Equation T (C) Drying Constant R
A k,
The Henderson’s 130 1.14000 12491 0.966
equation 150 1.14272 27156 0.982
170 1.14087 40970 0.984
A, k, n,
20 The modified Page 130 1.16627 15851 .89481 0.968
g ’s equation 150 1.11646 22644 1.14769 0.984
§ 170 1.08535 30230 1.37050 0.991
E A, K, C,
% 130 1.01811 18585 .15495 0.978
(% The logarithmic equation
150 1.12250 28660 02511 0.982
170 1.14775 40353 -.00812 0.984
A, k, A, k,
The two term equation 130 1.13710 .15856 03049  -.07949 0.979
150 .57866 26699 56394 27577  0.982
170 57516 40999 56575 40953 0.984




A379 8 mmﬁawmsmsauLtﬁa%uma“ﬁ'nmﬁmﬁaqﬂﬁwmmﬁau
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Media Equation Parameter in Quadratic Relationship SSE
a, a, a,
The Handerson’s equation
A, 1.020651 -0.00096 0.000005 0.011136
k, 0.18169 -0.00399 0.000030
The Page ’s equation
k, -2.25878 0.02916 -0.00008 0.009787
n, 4.647532 -0.05144 0.000168
g The logarithmic equation
E A, 2.11836 -0.01680 0.00006
2 0.00980
= k, -1.46669 0.01892 -0.00005
C, -1.15878 0.01726 -0.00006
The two term equation
A, -2.17649 0.03928 -0.00013
k, -0.34215 0.00296 0.00001 0.00971
A 3.19766 -0.03955 0.00013
k 2.00177 -0.02810 0.00010




AT 9 ANAINRNANINITOLURITULNITILR LTS qﬂéffs g lainTanaaf
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Media Equation Parameter in Quadratic Relationship SSE
a, a, a,
The Handerson Equation
A, 1.01098 0.00173 -0.00001 0.00375
k, -1.03565 0.01031 -0.00001
The modified Page’s equation
A, 1.94600 -0.00904 0.00002
0.00305
& k, -0.09008 0.00063 0.00001
é n, -0.09008 0.00063 0.00001
§ The logarithmic equation
Eg A, -1.58917 0.03291 -0.00010
§ 0.00302
g k, -0.07450 -0.00063 0.00002
z C, 3.35406 -0.04031 0.00012
The two term equation
A, 18.29338 -0.22215 0.00069
k, 0.29660 -0.00668 0.00004 0.00299
A, -16.39555 0.21274  -0.00066
k -7.78745 0.09528  -0.00028
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—@———  Experiment data
~~~~~~~~~ (O Henderson's Equation
8 ———w———  Page's Equation
S —_———— = Logarithmic's Equation
= _— . — Two Term's Equation
X
<
- .6
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Drying time (min)

mMwisznay 10 WSyuAgUanI NI uLRIAI8aINATaUN lFAINNIINAaA

LLazaumsmdmﬁmmam%ﬁqm‘mﬁ 170 °C

1.4
—— Experiment data
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MwUsznay 11 WIsuMiyUanIINITaULRIa18 1ainTane1a 899 La1NNIINARDS

LLazaumsmmrﬁmmam%ﬁqmwnﬁﬁ 130 °C
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mMwisznay 12 WSsuigusaINITauwAIaas lasinsans1a 8N leannnaaas

LLa:aumimamﬁmmam%ﬁqmﬁgﬁ 150 °C

1.2
—@——  Experiment data
ook 0000 Qv Henderson's Equation
: —_—————— Modified Page's Equation
3 —_———— - Logarithmic's Equation
.g _— . — Two Term's Equation
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Drying time (min)
MWUsznay 13 1WIsUMgUanIINITaULEIA28 1aiNTaueIa 897 La1NNIINARD

LLazaumsmdﬂrﬁmmam%ﬁqm%nﬁﬁ 170 °C
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a o 6
ANV NAaaNwN

v v é o v
QMﬂWW’H’N@]’]%%“U ao"mamﬁmmqﬂ%aam‘sammo

Qmmwmaa“ﬂ"nmﬁmﬁaqn%é’amsauLLﬁJ@‘T’JfJVLaﬁﬁauﬁammmzmmﬂ
FAUNITINNANNTWA UTeuts 12% d.b. 14% db. Uaz 16 % d.b. MNEIAU LALNANIIIA
= Y = = @ o o A
§UITNI B IFNRAINTAUUAILEAINIANTI N1 10,11 UAZ12

PMNMINABBINLIN AINad bMITaULKINENTNaRaAIANRINe (L* ) NS
auuksdiamataulidinnuainegs uandan1eeda (p=<0.05 ynimsavuiadae lati
FAULIATI  LTUN 16 % d.b. NMITAULRIGILAINATOI L A1AuEinvagszning 56.59 4
57.42 §AMIUANMATI LAz 51.91 D9 54.85 &I LaTauea LLﬂ:Lﬁaqm%ﬂ“ﬁLﬁ&l

ANANUETIIH L LA R

1 1 v & s v
13739 10 LROIAIAINNRINI(L* Lightness)?lﬂdﬂl’]’JL%ﬁﬂiudqﬂ%a\‘lﬂﬁiﬂﬁJLL‘VN

o L* value
T(CC)

Media 12% dry basis 14% dry basis 16% dry basis
130 54.93£0.74 a 55.51+0.22 a 57.42 £0.64 a

é 150 53.90 £0.39 ab 54.46 £0.40 a 57.63£0.49 a
170 52.98 £0.85 b 5498 £0.18 a 56.59 £0.58 a

130 49.75 £0.51 ¢ 51.02+0.20 b 54.85+0.58 b

A 150 49.70 +0.74 ¢ 51.05+1.49 b 53.70+1.28 b
170 47.35+0.45d 49.72 £091 b 51.914£0.29b

o A ' o A o = | | A o w aa
aﬂ‘hﬁ“nLL@lﬂmdlu%aﬂL@mnu AU LANANBU NN BYRIATYNINIDA ( p S 0.5)



ada

INNINAFDINLANANNLAY (a*; Redness) QM‘HQN&IQ“H
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TWaGaANIAMNNLAILAE

A ¢:§/ 1 :3/ v 2/ v a v d 1
qm%gwgwummmmelzgwumw n1vauad sl"lamiaum@ ﬂdﬁLL%?I%Nﬁﬁﬂ’lﬂ'ﬂ&lLL(ﬂd

gandasnniiamImuuisiuTnuiiniheRda i nzdouine  Ufisens

PRlRE ( Browning reaction) &a@A884NU Iyato and others (2002)

A1319 11 LRAIAIANNLAI(a* Redness)“llﬂd"fl”]’]L%ﬁﬂ?ﬁdgﬂ%é’{m’]ﬁﬂﬂuﬁd

o a* value
T(CC)

Media 12% dry basis 14% dry basis 16% dry basis
130 -1.08 +0.05 a -1.68 +0.09 a -1.78 £0.12 a

5 150 0324052 b -1.43 £0.36 ab -1.62+0.08 a
170 2.88+0.08 d 2.39+0.20 ¢ -0.52+0.79 b

130 -1.13 £0.02a -1.2+0.09b -1.70 £0.08 a

a 150 0.86 £0.09 ¢ -1.23 £0.15b -1.61 £0.17 a
170 3.03+0.27d 2.72+0.11 ¢ 0.77 £0.04 ¢

o A ' o A o = . | A e o @ aa
aﬂ‘]:ﬁ“m,mﬂmdslu%aﬂmmﬂu RUTYUTN BANANBENUWLRIATYNINEDNG (p S 0.5)

AMNMINARDINLAIANLAR D (b* Yellowness) A

{ aa &, N & o
mﬁaaLﬁaqmvxguwaummmmﬁaw:mwmmumu ﬂ']iE]‘]J@]’]UVLE]

#SonINEIN

a

=

LLmM&lﬁﬁmmmLmagaﬂ’hLﬁaamﬂLﬁ@mimuLmuﬁu%nmﬁmﬁwamﬁ@ﬁmsﬁ

vou@pINuiie  UA3endinena (Browning reaction) §8AARBINY Iyato and others

(2002)

1 v & e v
A1 12 LLﬁ@dﬂ’]ﬂ’ﬂﬁJLﬁﬁax‘i( b* Yellowness)maw’nmﬁmmqﬂmamiamma

VUININRG AN

o b* value
T(C)

Media 12% dry basis 14% dry basis 16% dry basis
130 14.47 £0.17 a 13.44 £0.59 a 13.48 £0.27 a

150 16.70 £1.23 b 15.65+0.33 b 15.43 £0.15b

:C.: 170 18.49 £0.47 cd 17.74 £0.54 ¢ 16.34 £0.57 d
130 15.23 £0.24 a 14.13 £0.37 a 13.15+£0.36 a

a 150 17.41 £0.83b ¢ 15.59+0.32 b 14.36 £0.38 ¢
170 19.24 £0.25d 17.20 £0.28 ¢ 16.07 £0.15d




'Y ¥ a P2 @
@mﬂ']Wﬂ']Gﬂ']%a?laﬁaﬂ']ﬂ LW%H')%\?QﬂWa\‘]ﬂqTﬂaﬂ

31

%ﬁé'amswamﬂuﬁa%’wé’nﬁﬁﬁw’ﬁwa@iammaw%’waoﬁu’%‘[m@ia

WA AN LAITANITZLINAIN amm:ﬁﬁauaﬂﬁaqmmwm AINRAN N L

IMNINIINA[DI

WRINIINDAAIANNRINI(L*; Lightness)VaIN1I0ULAIAE

mmﬂﬁ”augaﬂdmﬁ@ﬁmgﬂﬁauﬁaU"Laﬁ,ﬁau LI 12 % d.b. AAuEInvaIzing 61.18

114 63.06FMMIUBINATOW LAz 55.72 19 57.88 &1nYU lavinTauanabd LLazqmﬁQmumi

avaz L NadaA1ANUEINILE msamﬁ’wﬁslmmﬁ%aulﬁmmmaiwgoﬂhmsauu,ﬁo

67 ﬂaﬁﬁauﬁo B0 LAZAMUTURIARIAIAINEINIAART

1319 13 UAAIFIANUFIN(L* Lightness)yad1nienignnainimman

T(°C) L* value

Media 12% dry basis 14% dry basis 16% dry basis
130 63.06 £1.30 a 65.37 £1.95a 67.06 £0.58 ab

é 150 62.53 +1.14a 63.85 £0.83 ab 65.72 £0.37 abc
170 61.18 £0.56 a 63.18 £0.68 ab 63.26 £2.36 ¢

130 57.88+1.10b 63.81 £5.18 ab 67.54 £0.64 a
A 150 56.65 £1.35 be 60.23 +£1.78 b 65.53 +£2.14 abc
170 55.72 £0.59 ¢ 59.54 £2.15D 64.42 +£1.45bc

ANHINLANAI IWARNLALIN] BUNLDI LANGIIDLI3

™

1AYNNRDE (P <0.5)
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INNINARBIANANLAD (a*; Redness) WUINANMNTHINAADANANNLAILNSD

a

AT IBANNTULANAIAMUUAIIZAAR LLﬂZQMﬂQﬁl%ﬂ’]S@ULLﬁGﬁS‘Y]'ﬁWﬂ@iaﬂ"]ﬂ’l’]llLL(ﬂ\‘i

ﬂ"1qmwnﬂﬁgwﬂﬁmmmumga nigmnniian LL@immﬁﬂﬁqm%nﬁLﬁmﬁ'u@hm’ml,ma

u

PpINITALA? y"laﬁﬁaum@ﬁdﬁmgdﬂd’]msauLLﬁammﬂﬁ”au

AN 14 LRAIAIANLAI(a* Redness)maa"ﬁnmﬁmﬁaqn%é’amsm@

o a* value
T(C)
Media 12% dry basis 14% dry basis 16% dry basis

130 1.00+1.00 a 0.72 £0.14 a 043 £0.20 a
150 1.48 +1.48 ab 0.94 +£0.07 be 0.70 £0.13 b

E“ 170 246 £2.46¢ 1.37 £0.15d 1.08+0.11¢
130 1.21 +1.2lab 0.85+0.10 ab 0.66 £0.16 ab

a 150 1.61+£1.61b 1.07 £0.05¢ 0.97 £0.16 ¢
170 297 £297¢ 1.99+0.11f 1.78 £0.05d

L™

snwsfiuandnslunanidentu wunefa wandrsageliidyneaia (p <os)
NMINARBIAIANNLARE BI(b*: Yellowness) WUTMsauusiasaslavinausaa

‘EiaLfia'ﬁ,’m’ma@LLéTﬂﬁ@hmmmﬁaogaﬂdm?z@ﬁwﬁﬁamﬁaﬁaﬂmmeﬁau waziile

AU WANANA WA A DIZRAR mim?]mﬁ'uqnmgﬁLﬁmzﬁﬂﬁmmmmﬁaaLﬁmm

asnanuwasaia Lﬂuqma?nwmzﬁamaawﬁmﬁmsﬁﬂﬁmnmzmumsm@ (WD W

U1A:2545)



@33 15 LLﬁ@‘IGﬂlﬂﬂ’]’]&lL‘Viaﬂd(b* Yellowness)°llax‘]°fl/']’]L%ﬁﬂﬁﬁdiﬁﬂ%gdﬂﬁiaULLﬁd
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T(OC) b* value

Media 12% dry basis 14% dry basis 16% dry basis
130 18.30 £0.29a 16.14 £0.53 a 14.66 +£0.74 a

150 20.10+0.21b 17.21 £0.67 ab 15.48 £0.61 a

:C.: 170 24.00 £0.88 ¢ 20.58 +£0.64 ¢ 16.17+£0.53b
130 20.53+0.82b 17.62 £0.65 ab 15.84 £0.10b

a 150 23.46 +0.81 ¢ 21.20+1.00 ¢ 20.03 +0.39¢
170 26.66 £0.36d 23.59 +1.11d 20.75 +0.49 ¢

ANBINUANA IURANLAINY HUIDY LANG1I8ENIT

LY

af1AYNIEna (P <0.5)

NANIINAADIRIAIAMINARIMUBKLIING AIMURUIUUUITI HaAAFINLDII

21N

mﬂmswﬂaaammqmmwéﬁummv\mLLmLm.lmﬂg AMNRUILUBIII A

e 1 [} 1 v < o v o v [
FARIVDDIINAINEY awnmﬁmmqnmamiauLmaLLamadms‘na@ VL@N'&Q@]G@]’]TW\‘] 16

019 18

7N 16 uFaIANNAILKKIIINg BRIt uniianlagnraInTa LA

Bulk density R
441.84+7.894M 0.855
475.80+5.517M 0.817

AN 17 LRAIAUAWILULDIIY aaiﬁ’;mﬁmﬁaqﬂ%é’amiauuﬁa
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Media True density R
HA 1307.3-19.123M 0.843
SS 1571.2-32.076M 0.799

HANINARBIMIAIANNAUILURLTING AMURUILUUITILRZRATING DI T
01me TuB29AWET% 12-16 % dry basis f,%m%'u*’ﬁnmﬁmﬁaqn%é’omiamﬁa lagRansan
@mwé’uﬁufﬁuﬁwmm%maﬁ’nmﬁmﬁolugﬂLmuaumuﬁuma Lfiaﬁﬁagaﬁvlﬁmﬂ
mMInasasraEsmMInanes lagRansanmsulssinimicasule ) Wy @
mwwmLmuﬂﬂﬂgLﬁuﬁmﬁammaﬁmﬁmLﬁaamnmnﬁmaoﬂ%mmﬁazm’hmﬂﬁmaa
iminensulsansmsaaaule () 890NN RUILUULIING AN 0.855 waz 0.817 289

NNTALLFIAILaNNATaRILAZ Lot Taus 10 BIaNR1aL
] a dl' d?’ a' J A dl' a n' J
AMMNRULUUIIINARILNDANNTUANNTBIAT 1189 NYIN AT NNTUGNY

¥ { QI 131 ] Qs =) Qf w A ] =) 1
ANMNTUNLANDY AFNUTERNDINNIAARUIL (F)VBIANURWILUKITINAN0.843 waz 0.799
YAINNTALURITILaNMATaWUA Lot TN EIANAIOU NANIINARBILASYINUILNE AL

ﬁﬂJﬂ’ﬁﬂ@]ﬂaULLﬁ@dluﬂ']WllizﬂE]U 14 waznwdsznay 15

570

560

-
Lag]

E

°on

-

)

& 550

=

=

"~

= Y

-g 91MATOU

2 540 - . 2
é a  ehdousal
=2

=

I

(=

530

12 13 14 15 16

ANUIY (% dry basis)

mwiszney 14 anuwmwiwdnngaslathsangadnueinasaunainsauuiy
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1250

Y
1200 L DINIATOU

A  eoihdeusinaoe

1150 A

(kg/ms)

a

1100 A

v

ANNHHUMHUIIN

1050

1000

950 T T T T T
12 13 14 15 16

ANNTY (% dry basis)

MWUIZNOU 15 AURWILLEKISIA LN TaueIa 9N LI MATa WA INI T UL

NANTINARBIRIAIANNAWILUULING Ug2902131%% 12-16 % dry basis §1W5L
ﬁwaL%ﬁmﬁoqﬂﬂﬁomimﬂ WUIMaIIMInaasanunIusslnguaINianmias
aaaslitasanninmsmyssmpsainluna et muazi g Ui

LLa:fﬂmmimaadﬁowudﬁﬂmu%ﬂuwa@ﬁmﬁﬁNa@iamﬁwmuﬁuﬂmngﬁa
mm%uaﬂmwﬁmﬁmsﬁﬁmumi‘namzﬁmnmmLm',mh’mga@m lag Aavan
m’mé’uﬁuﬁﬁummm%maﬁnmﬁmﬁﬂugﬂLmuaumstﬁuma Li‘iaﬁﬁagaﬁ"l,ﬁa'm
mMsnaaesNITnaIENMsannes lagRansonddudszansmicasule ) Wuin @
sullseansmsaagaula (') 20IANNRUWILURLIINHTAT 0.860 waz 0.815U8INTBLURIAY
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Abstract

Thin-layer drying characteristics of cooked glutinous rice with hot air and
superheated steam were investigated at temperatures ranged 150°C to 170°C. Color of
product was determined as an indication of product appearance. The drying data were
then fitted to the different semi-theoretical and emprical equation such as Henderson,
Page, modified Page, lograrithm and two-term equation, based on the ratio of the final to
initial moisture content versus drying time. It was found that the two term equation gave
better predictions than other models, and satisfactorily described the thin-layer drying
characteristics of cooked glutinous rice in both drying media. The drying curve showed

that the moisture reduction rate during superheated steam drying was higher than hot air

under drying temperature above 150°C. The color of cooked glutinous rice was lighter

after drying by hot air than those by superheated steam and the redness value was

increased with increasing drying temperature.

Keyword: Airless drying; Dehydration; Drying equation; Grain; Sticky rice



1. Introduction

Glutinous Rice or Kao Niow (in Thai) is commonly referred to sweet or sticky
rice. Its name is derived entirely from its sticky texture, as rice does not contain any
gluten. It is a staple diet in northern and north-eastern regions of the country.

One of Thai traditional snacks made of cooked glutinous rice with topping of
caramel is called as “Kao Taan” which is dried and crispy rice cakes. Recently, “Kao
Taan” has become popular to promote as local Thai product in several sub-districts for
trading under goverment project, namely, One Tambon One Product (OTOP). Drying is
the main process of making this product before frying. In the past, the conventional sun
drying was used to dry the product down to the moisture content about 14 % dry basis.
This method causes many problems such as very slow drying rate and can not be done in
the rainy season. Therefore, suitable drying tools (equipment) need to be developed to
solve those problems. However, the drying characteristics of cooked glutinous rice and
the effect of drying conditions on the product quality must be previously known.

To design and control a dryer and to define optimum drying condition, it is
necessary to clarify the model of the actual process of drying in terms of mathematical
relations. In the actual operation, many products are dried in various types of deep-bed
dryers. It is difficult and complicated to investigate the drying characteristics of an actual
industrial drying bed directly. Previous studies (Tang et al., 2004; Tirawanichakul et al.,

2004) have introduced simulation by using a thin-layer drying approach.



The objectives of this study were to develop the equations for describing the thin
layer drying of cooked glutinous rice by superheated steam and hot air, as well as to

quantify the change in colour of the dried samples.

2. The Thin-layer Drying Equation

The thin-layer drying equation can be divided into three groups, namely theoretical, semi-
theoretical and empirical. The first takes into account only internal resistance to moisture
transfer while the other two consider only external resistance to moisture transfer
resistance between product and drying media (Panchariya et al., 2002).

The theoretical equation expressed from the analytical solution of diffusion
equation where the diffusion coeffient was determined as a function of drying
temperature (Poomsa-ad et al., 2002; Ramesh, 2003). However, this equation is very
complicated to use due to the term of infinite series and is based on the geometry of the
product. The semi-theoretical equations are generally derived by simplifying general
series of the theoretical equation and do not need assumptions of geometry of a typical
food.

The Henderson’s equation is the first term of a general series solution. It can be
expressed as follow:

M. —M
MR =——=2=A exp(k.t 1
= ool (1)



where Ap and ko are the drying parameter. M, M; and M; are the equilibrium
moisture content, the initial moisture content and the moisture content at any times,
repectively.

The two-term exponential equation model is the first two terms of general series

solution to the analytical solution of diffusion equation.

MR

Mt — Me _
MM A, exp(k,t) + A exp(kit) (2)

The two-term model was found to satisfactorily describe the solar drying curves
of prickly pear fruit (Lahsasni et al., 2004), the superheated steam fluidized bed drying of
paddy (Taechapairoj et al., 2003) and parboiled wheat (Mohapatra and Rao, 2004)

The empirical equations may describe the drying curve for the conditions of the
experiment and derive a direct relationship between average moisture content and drying
time. For example, Doymaz (2004) and Yaldiz et al. (2001) introduced the logarithm
equation to apply for white mulberry and sultana grapes. This equation is a modification

of the Henderson equation by adding another parameter.

MR

M, —M
= M:—M: = A, exp(k,t) +C 3

The one of most popular empirical equation is the Page’s equation. It was expressed as

follow:

M. —-M
MR =—! ¢ —exp(k.t" 4
M M pk,t™) (4)

This model has produced good fits for predicting drying of red paper (Doymaz
and Pala, 2002), corn (Doymaz and Pala, 2003) and garlic slices (Madamba et al., 1996).

Equations 1 — 4 were reasonable to predict the characteristic of drying by hot air.



However, Page’s equation is different from the other equations where the intercept is
unity at the starting time. At the beginning of superheated steam drying, however, a small
amount of moisture is formed on the sample surface from the steam condensation while
the sample is brought up from the room temperature to 100°C. The steam condensation
takes place in such a short time (several seconds) that it is not feasible to describe
mathematically that short initial period of drying (Tang et al., 2004; Taechapairoj et al.,
2003). In consequence, the initial moisture ratio for superheated steam drying becomes
greater than unity. Therefore, Tang et al. (2004) introduced the third parameter into the
Page’s equation to accommodate the condensation in the superheated steam drying and
called as the modified Page’s equation:

M, -M,

MR=—t""e
M, — M,

= Ay exp(kot") ()

The drying parameters in equations 1 — 5 depends on both material and drying air
properties. The effects of air temperature, relative humidity, air velocity and material size
on drying constant have been studied extensively by several researchers. Many
formulation relationships of drying parameters with their effect were presented such as

linear, quadratic or Arrhenius type function.

3. Materials and Methods

Materials
Glutinous rice samples were purchased, as milled rice from a local market in
Mahasarakham province, Thailand. The sample was soaked in water at room temperature

for 6 hr, then steamed at the atmospheric pressure for 20 minutes, then left at ambient



conditions for 2 hr and finally kept in an isolated sealed container before the experiment.
The initial moisture content of glutinous rice was about 60% dry basis. A sample
approximately 150 g was prepared for each drying experiment. The moisture content was

determined by the oven method at temperature of 103°C for 72 hr.

Equipment

A drying system was developed by the Faculty of Engineering, Mahasarakham
University, Thailand. The system consists of a boiler, a pressure regulator, a steam
conveying pipeline, a drying chamber, a backward curve fan, an auxiliary heaters, a
fresh-air supply valve, a steam-flow valve, and control system as shown in Fig. 1. This
system can be run in the hot air mode or the superheated steam mode by control a fresh-
air supply valve and a steam-flow valve.

During the superheated steam drying, saturated steam was produced by the boiler.
The steam generator generated the saturated-steam at about 200 kPa (absolute pressure)
with the corresponding temperature of 120°C. Its pressure was reduced nearly to
atmospheric pressure when the steam passed through the pressure regulator, a backward
curve fan was conveying the drying media through the system and was driven by a 2 kW,
3 phase electric motor with the media flow rate controlled by a frequency inverter. The
media flow rate was measured using pitot satic tube together with multifunction meter
(Testo 454). The media was adjusted to the preselected temperature by the auxiliary
heaters with a maximum heating capacity of 15 kW that was automatically controlled by
proportional-integral detector controller with an accuracy of +1°C before passing through

the drying chamber.



Experiment and Data Analysis Procedure

Three drying runs were conducted at the drying media flow rate of 1.0 m/s with a
temperature of 130, 150 and 170°C. As the samples were cooked at different times, it was
obvious that the initial moisture contents of all runs were not the same which was ranged
between 54-55 % dry basic. In order to normalise the drying curves, the experimental
data in percentage dry basis moisture content versus time were transformed to a
dimensionless parameter called the moisture ratio (MR) versus time as previously
mention in equations 1-5. However, the drying temperatures used in the present work
were higher than those used for moisture content determination method (103°C), so that it
might be reasonable to assume that the equilibrium moisture contents were zero.

Non-linear regression, considering moisture ratio and drying time were used as
the regression variables. The parameters in the selected drying equation (Eq. 1-6) were
initially determined for each set of drying conditions.

From the regression results, the quadratic function was formulated to provide the
exact fitting relationship between the drying temperatures and the parameters in the

drying equation as follow:

r=aT°+aT +a, (6)
where y is observed values of the parameters in the selected drying equation and T is
drying temperature.

The sum square error (SSE) was the criteria to select the best equation to account

for variation in the drying curves of dried samples. It was used to determine the suitable

of the fit. The lower value of SSE was chosen as the criteria for goodness of fit between



the experimental results and the predicted results. These parameters can be calculated as

follows

N
SSE = %Z(MReXp - MRpred )2 (7)

i=1

Color of Cooked Glutinous Rice

The color of initial and dried cooked glutinous rice samples was measured by a
Minolta CR300 chromameter. The Hunter L*, a*, b* scale gave measurement of colors in
units of approximate visual uniformity throughout the solid. The L* value measures
lightness and varies from 100 for a perfect white and O for black, a* and b* when positive
measure redness and yellowness, respectively. All measurements were conducted in five
replicates and the averages of the colour values were presented as the mean and the
standard deviation. Analysis of variance was used to compare the result obtained in a
factorial design. Duncan’s multiple range test at the 5% significance level was applied to

experimental results to indicate the significant difference among the mean.
4. Results and Discussion

Drying Curve

The data involving percentage dry basis moisture content versus time were
transformed and represented in the typical characteristic drying curve (moisture ratio
versus time) of cooked glutinous rice during thin-layer drying by hot air and superheated

steam, repectively.



Fig. 2 shows the moisture ratio of cooked glutinous at different drying
temperature during drying by hot air. It found that the moisture ratio decreased
exponentially continuous with drying time. It can be assumed that there is no constant-
rate period but the falling-rate period is presented. Fig. 3 presents the moisture ratio of
cooked glutinous at different drying temperature during drying by superheated steam. In
the first half a minute, the moisture content of rice rapidly increased. These phenomena
were due to a small amount of the condensed water adsorbed by the grain. The moisture
ratios of the samples are in the range of 1.1 - 1.2. However, it decreases with an increase
of steam temperature. Such results were similar to the previous work reported by Tang et
al. (2000) and Taechapairoj et al. (2003). After passing through the condensation stage,
the moisture content reduced exponentially with drying time, indicating that the main
resistance to moisture movement was in the interior. In this moisture reduction step, the
drying curve was very similar to that found in the hot air drying.

The effect of drying temperature on the drying rate as shown in Figs. 2 and 3 are
sharply found that the main factor influencing drying kinetics is drying temperature. Thus,
a higher drying temperature produced higher drying rate and consequently decreased
moisture ratio. This was due to an increase of the air heat supply rate to the product and

the acceleration of water migration inside the sample.

Drying Equation for Cooked Glutinous Rice by Hot Air and Superheated Steam

The drying data were then fitted to the different drying equations based on the

moisture ratio versus drying time curve. The non linear regression analysis were



evaluated the drying parameters of those equation based on correlation coefficient (R?).
The results of the statistical analysis were presented in Table 1. Acceptable R? of greater
than 0.9 were obtained for all four equations fitted to all the experimental data. The hot
air drying resulted in consistently higher values than the superheated steam drying.

The coefficients in quadratic function as a relationship between drying equation
parameters (A, k, n or C) with drying temperature were obtained by further regression in
which parameters were considered as the regression variables. The regression results are
shown in Table 2.

The SSE of MR as shown in Table 2 indicates that the regression equations have
an acceptable accuracy for fitting the experimental data. The experimental data at drying
temperature of 130°C and predicted drying curve by the selected equations were plotted
in Figs. 4 and 5 under hot air and superheated steam, respectively. These figures also
show that the predicted equation with the obtained regression coefficients fits the
experimental data well and the same results were found in other drying temperatures.
However, the Page’s equation and Modifined Page’s equation were recommended to
describe the drying cooked glutinous rice by hot air and superheated steam, respectively.

This is due to low value of SSE and a less number of parameters in the equation.

Comparison between Hot Air and Super heated Steam Drying

Fig. 6 presents the comparative drying characteristics of cooked glutinous rice by
the best prediction equation in superheated-steam and hot air. All curves showed that the
moisture content reduced exponentially with drying time. The drying started at unity

under hot air and above unity under superheated steam due to the condenstion effect. The



total drying time for steam was shorter than hot air during drying temperatures of 150°C-
170°C. Similar observations were obtained and reported in fluidised bed paddy drying
which studied by Taechapairoj et al (2003).

When comparing superheated steam to hot air drying in a moisture reduction rate
from this study, it could be seen that the inversion temperature which the drying rates
compared are equal in the range of 130-150°C. This range was significantly lower than
previous studies as reported by Schwartze and Brocker (2002) .This may be due to the

differences in drying conditions and the product properties.

Color of Cooked Glutinous Rice after Drying

One of the most important criteria for acceptability of food is colour. Undesirable
changes in colour of a food may lead to a decrease in its physical and sensory qualities as
well as marketing value. The results for color parameters in term of L*, a* and
b*obtained from the different drying processes are presented in Table 3-5, respectively.
Statistical analysis showed the effect of drying temperature and drying media on those
colour parameter at the three levels of final moisture content.

The statistical analysis of L* value in Table 3 indicated that the drying
temperatures had no effect on L* value but the drying media affected on the lightness of
the final dried cooked glutinous rice. The L* values (lightness) of drying by hot air were
higher than the values of drying by superheated steam. The effect of drying media and
drying temperatures on redness (a* value) could not be clearly explained. It might change
significantly in both drying factors as shown in Table 4. However, the a* values were

varied in middle range between -1.78 to 3.03.



The yellowness indicated by the b* value could be divided into three levels
depending on the drying temperature and was not affected by drying media as shown in
Table 5. The b* values increased with increasing drying temperature. It may be explained

that browning reaction occured when higher temperatures were applied.

5. Conclusions

Based on the experimental and statistical analysis results reported here, the following
conclusions were made:

e The thin-layer drying characteristics of the cooked glutinous rice was
satisfactorily described by the two term equation for both hot air drying and
superheated steam where the relationships between the drying temperature and the
drying parameters were in quadratic function.

e The moisture reduction rate by superheated steam drying was higher than hot air
under drying temperature above 150°C.

e The colour of cooked glutinous rice was lighter after drying by hot air than those
by superheated steam and the redness value was increased with increasing drying

temperature.
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Table 1

Results of regression analysis for the drying parameters of the selected equations

Media Equation T (°C) Drying Constant R’




AO ko
Henderson’s equation 130 0.97643 0.16752 0.991
150 0.98384 0.25486 0.987
170 0.99503 0.36607 0.996
Ko Ng
o Page ’s equation 130 0.25385 0.80367 0.998
g 150 0.41351 0.71692 0.998
S 170 0.51267 0.76475 0.999
'z A ko C
% The logarithmic equation 130 0.93147 0.20815 0.06507 0.999
150 0.92598 0.32645 0.07218 0.999
170 0.96771 0.40759 0.03099 0.999
AO ko Al k1
The two term equation 130 0.72932 0.26046  0.27095  0.06927 0.999
150 0.78583 0.39186  0.21394  0.07740 0.999
170  0.73820 0.53358 0.26179  0.16698 0.999
AO ko
Henderson’s equation 130 1.14000 0.12491 0.966
150 1.14272 0.27156 0.982
> 170 1.14087 0.40970 0.984
; Ao Ko No
S The modified Page 130 1.16627 0.15851 0.89481 0.968
= equation 150 1.11646 0.22644 1.14769 0.984
2 170 1.08535 0.30230 1.37050 0.991
3 Ao ko Co
ks The logarithmic equation 130 1.01811 0.18585 0.15495 0.978
< 150 1.12250 0.28660 0.02511 0.982
s 170 1.14775 0.40353 -0.00812 0.984
@ A Ko A K,
The two term equation 130 1.13710 0.15856 0.03049 -0.07949  0.979
150 57866  0.26699 0.56394  0.27577  0.982
170 57516  0.40999 0.56575  0.40953  0.984

Table 2

Regression coefficients in quadratic function for drying parameter and sum square error

(SSE) of the selected equations



Media Equation Parameter in Quadratic Relationship SSE
do a1 a
The Handerson’s equation
Ay 1.020651 -0.00096 0.000005 0.011136
Ko 0.18169 -0.00399 0.000030
The Page ’s equation
Ko -2.25878 0.02916 -0.00008 0.009787
@ No 4.647532 -0.05144 0.000168
'_é\ The logarithmic equation
= Ao 2.11836 -0.01680 0.00006 0.00980
g ko -1.46669 0.01892 -0.00005 '
I Co -1.15878 0.01726 -0.00006
The two term equation
Ao -2.17649 0.03928 -0.00013
ko -0.34215 0.00296 0.00001 0.00971
Ay 3.19766 -0.03955 0.00013
Ky 2.00177 -0.02810 0.00010
The Handerson Equation
Ao 1.01098 0.00173 -0.00001 0.00375
Ko -1.03565 0.01031 -0.00001
o The modified Page’s equation
£ Ao 1.94600 -0.00904 0.00002
%‘ ko -0.09008 0.00063 0.00001 0.00305
= No -0.09008 0.00063 0.00001
2 The logarithmic equation
3 Ao -1.58917 0.03291 -0.00010
b ko -0.07450 -0.00063 0.00002 0.00302
< Co 3.35406 -0.04031 0.00012
U%)‘ The two term equation
Ao 18.29338 -0.22215 0.00069
ko 0.29660 -0.00668 0.00004 0.00299
Ay -16.39555 0.21274  -0.00066
Ky -7.78745 0.09528  -0.00028
Table 3
The L* value of sample obtained from three levels of final moisture content.
L* value
Media T 12% dry basis 14% dry basis 16% dry basis
(°c) Mean S.D. Mean S.D. Mean S.D.




HA 130 54.93 a 0.74 55.51 a 0.22 57.42 a 0.64
150 53.90 ab 0.39 54.46 a 0.40 57.63 a 0.49
170 52.98 b 0.85 54.98 a 0.18 56.59 a 0.58
SS 130 49.75 ¢ 0.51 51.02b 0.20 54.85 b 0.58
150 49.70 ¢ 0.74 51.05b 1.49 53.70 b 1.28
170 47.35d 0.45 49.72 b 0.91 51.91b 0.29
Means with the same letter within a column are not significantly different (P < 0.05) by DMRT.
Table 4
The a* value of sample obtained from three levels of final moisture content.
a* value
Media T 12% dry basis 14% dry basis 16% dry basis
(°c) Mean S.D. Mean S.D. Mean S.D.
HA 130 -1.08 a 0.05 -1.68 a 0.09 -1.78 a 0.12
150 0.32b 0.52 -1.43 ab 0.36 -1.62a 0.08
170 2.88 ¢ 0.08 2.39¢ 0.20 -0.52b 0.79
SS 130 -1.13a 0.02 0.86 b 0.09 3.03a 0.27
150 -1.20d 0.06 -1.23b 0.15 2.72a 0.11
170 -1.70 ¢ 0.08 -1.61c 0.16 0.77c 0.04
Means with the same letter within a column are not significantly different (P < 0.05) by DMRT.
Table 5
The b* value of sample obtained from three levels of final moisture content.
b* value
Media T 12% dry basis 14% dry basis 16% dry basis
°c) Mean S.D. Mean S.D. Mean S.D.
HA 130 1447 a 0.17 13.44 a 0.59 13.48 a 0.27
150 16.70 b 1.23 15.65b 0.33 15.43 b 0.15
170 18.49cd 047 17.74d 0.54 16.34 c 0.57
SS 130 15.23a 0.24 1413 a 0.37 13.15a 0.36
150 17.41b 0.83 15.59 b 0.32 14.36 d 0.38
170 19.24d 0.25 17.20 ¢ 0.28 16.07 ¢ 0.15

Means with the same letter within a column are not significantly different (P < 0.05) by DMRT.
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Fig. 1 A schematic diagram of the experimental dryer.
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Fig. 2 Variation in moisture ration of cooked glutinous rice at different drying

temperatures during drying by hot air.
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Fig. 3 Variations in moisture ratios of cooked glutinous rice at different drying

temperatures during drying by superheated steam.
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Fig. 4 Experimental data and the predicted drying curve under hot air at drying

temperature of 130°C.
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Fig. 5 Experimental data and the predicted drying curve under superheated steam at

drying temperature of 130°C.
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Fig. 6 Comparison of drying rates of cooked glutinous rice obtained from prediction

equation under superheated steam (SS) and hot air (HA) at different drying temperatures.
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Drying Kinetics of Cooked Glutinouse Rice Using Superheated Steam and Hot Air
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Abstract

The main objective of this work is to study the
comparative drying kinetics of cooked glutinouse rice using
superheated steam and hotair The experimental were

investigated for a temperature range 130°C-170°C and at
constant media velosity of 1m/s. . The drying data were then
fitted to the five different drying equations. The experimental
results found that the drying rate was increase with the
temperature and The moisture reduction rate during superheated
steam drying is higher than hot air under drying temperature
above 150°C. The Page’s equation were suitable used to predict
the drying rate of glutinouse rice using hot air and Modified
Page’s equation were suitable used to predict the drying rate of

glutinouse rice using superheated stea
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Media Equation T(C) Drying Constant R
Ay ko
The Henderson’s 130 0.97761 0.16684 0.991
equation 150 0.98252 0.25213 0.985
170 0.99499 0.036335 0.996
ko No
130 0.24845 0.81192 0.998
The Page ’'s equation
o 150 0.42381 0.69753 0.998
%’ 170 0.50449 0.77155 0.999
'E A, Ko c
T 130 0.93337 0.02058 0.06360 0.999
The logarithmic equation
150 0.91925 0.33166 0.07920 0.999
170 0.96849 0.40322 0.03012 0.999
A, ko A ks
The two term equation 130 0.48880  0.16684 0.48880 0.16684  0.991
150 0.15746  0.04916 0.84205 0.36933  0.999
170 0.28108  0.17372 0.71888 0.53702  0.999
Ay ko
The Henderson’s 130 1.13992 0.12494 0.966
equation 150 1.14175 0.27106 0.982
170 1.13933 0.41118 0.983
Ay ko Ny
.g The modified Page 130 1.16511 0.15715 0.89858 0.968
E’ 's equation 150 1.11359 0.22254 1.16050 0.984
*§ 170 1.08261 0.30111 0.138267 0.991
3 Ao ko Co
3
£ 130 1.019578 0.18454 0.15268 0.978
o The logarithmic equation
a3 150 1.123065 0.28484 0.02316 0.982
170 1.142914 0.40796 0.00421 0.983
A ko A ks
The two term equation 130 0.02944 -0.08023 1.13734  0.15763  0.979
150 0.57087 0.271157 0.57087  0.27095  0.982
170 0.56967 0.41146 0.56967  0.41096  0.983
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Media Equation Parameter in Quadratic Relationship SSE

=) aq as

The Handerson’s equation

Ay 0.00001 -0.00240 1.12997 0.00099
ko 0.00038 0.01964 7.72649
The Page ’s equation

Ko -0.00012 0.04191 3.19921 0.00029
no 0.00024 -0.07166 6.14795

g The logarithmic equation

% Ao 0.00008 -0.2288 2.56955

% ko -0.00030 0.09939 7.83974 0.00024
Co -0.00008 0.02342 1.16437

The two term equation

Ao 0.00057 0.17580 13.73216
Ko 0.00030 0.09067 6.83636 0.00092
A -0.00060 0.18441 -13.42006
ki -0.00004 0.02230 -1.99760

The Handerson Equation
Ay -0.00001 0.00158 1.02443 0.00650
ko -0.00001 0.00941 -0.97109

The modified Page’s equation

Ao 0.00003 -0.00976 2.00065
ko 0.00002 -0.00134 0.05338 0.00554
Ng -0.00161 0.46255 -32.10513

The logarithmic equation

Superheated steam drying

Ao -0.00010 0.03445 -1.69176
Ko 0.00003 -0.00297 0.08883 0.00794
Co 0.00014 -0.04518 3.68970

The two term equation

Ay -0.00068 0.21699 -16.71646

ko -0.00026 0.09145 -7.50942 0.00792

Ay 0.00071 -0.22617 18.59785

k4 0.00003 -0.00368 0.07162
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PHYSICAL PROPERTIES OF COOKING GLUTINOUS RICE AFTER DRYING

Watcharanon jutajanl*, Somchart Soponronnaritz, Sirithon Silriamornpun3 and Nattapol Poomsa-ad’

ABSTRACT

The objective of this research aims to study the physical properties of cooking glutinous rice after drying by
sun drying, hot air and superheated steam. Hot air and superheated steam were investigated for a temperature range
130°C-170°C. Colour test, scanning electron microscope (SEM) and density were used to determine the physical
properties during drying. The experimental result indicated that the colour of cooking glutinous rice after drying by
superheated steam was the most darkness as compared with the other drying method. The result from SEM show that the
cooking glutinous rice after drying by hot air and superheated steam had many hole on the kernel surface and a hollow
inside the kernel. True density of samples by superheated steam drying were higher than hot air samples, but bulk density
were not difference.

KEYWORD: Drying, Superheated steam, Physical properties
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