T mwu‘i%’mﬁ’uauym‘f

1aTIN1T NTOULAILLESN La8IIR

AUNILIR

lag) pj*’ziwmamwmiﬁ ATFLUAT FUA

(@ lusUsaia)

nangnead 2554



fyaofi MRG4780067

T mmﬁ%&mﬁuawyitﬁ

Iﬂﬁ\‘]ﬂ’]i YOV LAIL S EQOWVLEI@GT’] (I3IFDWNINLIA

%] 6 A -V A 1 P=|
HEUFIEAINATE ATFUAT FUAT (LA ldslndie)
RV TIIAINITINLNLGT

ATWEIAINTIV LLﬂZQ@]ﬁ’]%ﬂii&l NI

VA INLFLUN T

GHSH ﬁ‘%‘lﬂ(ﬂ FIBNINUA mzﬂiillﬂ’]iﬂ’]i’r%(ﬂllﬁﬂﬂ’] LRZRINI

ﬂamuaﬁu mgumﬁ% ¢

(@nunlunsnuibiduvedide ana. uaz and. ldududeaaiudioiaualy)



a A

ananIINUszn @

muﬁé’fﬁ“’lﬁ%’unnqwgumn FUNINUNBINUIULAUUNNTIVG (FND.) ANFLY NG

b q

A

wandnsnwlumitinuiseresennsdiulnd Uil 2547 lulasimsanuiauiie
FEPINAINNRAULNITUNINTRANANBIAY &N, VBVOUADH ATKEIAINTINUAE
QAMWNIINNBAT W INEF Ul ﬁaﬁua%uw%fwmm@m 9 lumsdnfinan  uaz
POUBLAMANAN I VVIAINTINNBAT WATHIUIAINTININNT %’smﬁuﬁaga
1. WNRUNTIETIA LaTydad
wgfAIWT Jygans
wR AN agjunn
WNENI8INY TOAYTY
WNEIANNNE WaIFUT
WIWEIUUATIN §RIUIID
WILWAUWI qtysﬁ'ﬂaf"lwma

PILNWNT RULAT

© ©o N oo o A~ Db

wig'n ANANBINNT
o & an o e
10. WIHATIWE AIIUNTTU



UNANL
RLATINIT : MRG4780067
tﬂl v ‘ﬁq’ o v e Ao
ﬁﬂIﬂ‘Nﬂ’]i : ﬂ'ﬁBULL%GL%aﬂ’]VLﬂ@’JEJ‘NNB%W'E']L'E@]
dl' v A e U o 6 A (% a 1 =1
DAWUNIAY : EdT’JU?I']ﬁ@I‘J']"ﬂ']ﬁU ﬂi.ﬁiL%@]? U (L@ll I@JG‘L]T]M@])

YA sunate@miju.ac.th

32p2MlATINT © 1 NINgIAN 2547 9 30 gurnw 2549

?@qﬂszaoﬁﬂé'ﬂmaamuﬁélvyf: iednsanudulyldlunmseuuaitod lodaasod
sunrisalasdameduiinanslumswnlasinaananwaseuuss I@ﬂﬁi’@lgﬂizmﬁs}amﬁa
AWUAFAEMIa IR INzaY IR adn B LAt nanzaulwIIwEANN T uI D4
iedleluszninenisanui lagdrilafisgunnzesnfadusinainTauuis wansdnm
danadnduatsbsdaniseenuuy uaznsUfidnuisaiueiasey i'a@;maauﬁmf:a
ﬁﬂvlﬂﬁ'uf@a 1NIa A (muml,ﬁmhuquﬁﬂma 27 - 28 W) FadanuTusudusouss 80
103310 un (w.b) auusmAsauTuliiAusouas 18 w.b ANAATIIUNE AN AT T
UWT. 136/2546 SANNINAR0NTRLUUTIINS NAFaLEN 3 A59 9 a3z 500 NN WA
msansnuin msautitadnladsSsdsunsnsadanuidunllle wWiesanldiaanluns
DUUWIRWRES 2 2109 25 wfl AalTuanuAnasnasnuimie 21.65 ﬁiagaﬁ@iaﬂ%@u
ihfiszme Wasuluanisiminsauniaunuiimahamasasnduanlsiasss 40 Tagd'le
LRAIITZEENTOULAY 2 3282 Aa iwzﬂ'mﬁuqmﬁgﬁmaaNawamﬂmwmmgu 9 URZIZYE
AATINTAUUAIAAR I@zJé’mwmsauLLﬁdi\:L’%"mmgluzTLL&hﬁ@htﬂluﬁuﬁaal 9 ﬁmﬂi:ﬁ"agdqﬂ
Uszanm 80 niwsindenlansuvasudsasilodlo-w meluaan 20 wid msdnmn
é’m.«rmzmww:miaml,ﬁaLf':aﬁw"lﬂﬁ’sﬂ%’ﬁ%%ﬂﬁmm’m%’nL@laimuma@@;ﬁﬁmmm'ﬂ“ﬁmu
300 . LFUAIBAUENATD 17 Wy, BUIA 500 Tad winwlanazrauidriiansluuwinen
WUUAABAE A 125 x 45 x 315 Fadluas w2 74 FounSIFaunTILIafTaus
ARUT29NaN (MIR) agluta9 3 14 8 lulaviuas Tagfnwuaszaznsszninaiied lonuin
2298NLAa TBUNIIIA25 Y. NTANBIBINTNATIANMURWILUUVBITIFEWNIIIA 3 =AU
A8 0.521, 0.625 uaz 0.729 Ja&. Gy~ LLazmmL%qmmﬂmﬁai’aqﬁﬁné’aamﬁo 3 320U A
04, 0.7 uaz 1.0 43w’ Wudn U Page nuuusaasfimansanlunsesuns
WoAnsIunsaaaNuauvastitadn’le mﬂéfaaﬂﬁl,f':aéﬁvl,ﬂﬁﬁqmmwmoﬁﬁu%aﬁq@mi
DULKINIAN R WD BISIFBUNTILIR 0.625 Tad.ou’ wazdaRarsonsiunualums
auLLﬁaLLazmméuLﬂﬁaawéTamm‘hLWﬁzﬁmmmagﬂvlé’dﬁmiauLLﬁoﬁmmﬁammﬂ 0.7 4.

a '1 o v U L L = =) gj g; 1
eLTety ﬁdﬂ’liﬁﬂ’ﬁﬁﬂ‘]ﬂ"mﬂiu’]ﬂllﬁﬂ%l]’]l"li‘i’]NﬂﬂidaauWS’]L‘i@]I@ WNAINITUINIISTUUAILLA



JLUUMTBUWAS AuFuIURaInasnwnlslunisauuns wazaudUss@niainnieau

1 Y

anlrane

o L v Aa tgl o v
AIRAN : TNFIUNILI Luamvl,m NI1IDULLAN



Abstract
Project Code : MRG4780067
Project Title : Infrared Drying of Longan Flesh
Investigator : Assistant Professor Dr.Sunate Surbkar (former Mongpraneet)
E-mail Address : sunate@miju.ac.th

Project Period : 1 July 2004 — 30 June 2006

The major objective of this research was to study the feasibility of drying longan flesh by
infrared radiation (IR). The minor objectives were to determine the drying optimum; and to
investigate a suitable model for thin layer drying of longan flesh in which the dried longan
qualities were taken in to account. These broad results are needed in the design and
operation of a dryer. A-grade longans cv. E-dor (approximately 27 — 28 mm diameter) were
used in this study. The longan flesh with the initial moisture content of 80 % w.b to be dried
to final moisture content of 18% w.b. according to Thai Community Product Standard
number 136/2546. A thin layer drying was done ftriplicate with an initial weight of longan
flesh of approximately 500 g. The results indicated that it was possible to dry longan flesh
with IR. When drying at optimum condition with 40% of hot air recovery drying time was 2
hr 25 min, resulted the specific heat consumption of 21.65 kJ per a kilogram of water
evaporated. We observed two rate periods when using IR drying on longan flesh, i.e., the
warming up existed in the initial period for a short time and falling drying period. The drying
rate started from zero and continued to raise to the maximum at 80 grams of evaporated
water per a kilogram of longan flesh dry matter within 20 min. A study on drying
characteristics of longan flesh was also done using twin IR heaters having a radiated length
of 300 mm and 17 mm in diameter with 500 watt for each heater. These twin IR heaters
were placed in a parabolic sheath. Using two parabolic sheaths, IR radiated in a range of 3
— 8 micrometer falling in the far-infrared radiation (FIR). The distance from IR heater to a
longan surface was fixed at 25 mm. In the following study, the effects of IR intensities,
0.521, 0.625 and 0.729 W.cm'2 and air velocities blew over the sample surface of material
being dried, 0.4, 0.7 and 1.0 m.s " on moisture loss and dried longan flesh qualities were
investigated.  Drying rates were used to determine an appropriate empirical longan flesh
drying model considering from the goodness-of-fit between the calculated and experimental
moisture ratios; namely the coefficient of determination (RZ), the reduced chi-square (XZ)

and the root mean square error (RMSE). It was found that the Page Model described the



moisture loss within acceptable ranges. We recommended the IR intensity of 0.625 W.cm'2
for a better quality in term of color values. When drying time and the specific energy
consumption taken into account, we conclude the air velocity of 0.7 m.s-1. However, we
recommended the further research topic of the combination between IR and convective

drying toward the drying and energy requirements and cost effectiveness.

Keywords : Infrared radiation, Longan Flesh, Drying
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Fniaas LIAN WRII AR a, |anu

AULRY FUNY withe




11

%A W/g | (min) (kJ/g) L* a* b* (N-mm)
solid

| 8.75 158.5 | 22.005 16.72 |3.72 [142 |0.653 |7.019

I-| 17.49 163.5 | 23.145 19.37 | 2.655 | 12.645 | 0.661 | 7.5405

I 8.75 154.5 | 22.005 1719 |3.76 |[10.06 |0.677 |8.7835

1] 26.24 155 22.26 202 |2415 | 9.235 |0.6355 |6.9945

a A A & a A A e A A Ao @ & o )
7 | §a FnaesianinfaindongTaRuiafid) aua 800 Tad S1uan 1 6

a A A 6 a al' A [ d? A Ao e 6 o o
wika - Ao FniaeflninfnAouagiaRuiid 2ua 800 Tad $1wIn 2 6

A A A & P v &  w o o A A
e Il e Fnieasioninnaansn 30 Tu. U 400 a6 wianlanasriausiFuuulauifaen
(1 haaada 1 lay) 11U 2 a7

a = = 6 A A A dql/ Aa A a o &
Tua 1l A8 FNLADILTINUNRLAFLDUNBNIRYNY VU@ 2.4 ﬂIﬂ'J@](ﬂ

= P’ [ A @

2. wans@nwamnplomasanilzlunsauuis
=< = & A A A o A a Ao o & o o
Iuﬂﬁﬂﬂml‘*ﬁam@ammmﬂamaqusawumam PYPIQ 800 1NN INWIU 2 G
m‘mﬂimqm%gﬁmmﬂ%"aum"ﬁ’lumiauLtﬁogﬂﬁmu@mﬂmuma%qmwgﬁmﬁ@ K Naaag
agjimsﬂuﬁaaaumﬁaE‘hmamumsmaa%’uﬁﬂa 75 YN, LRTWNNNHNLINEIOU 165 NU.

Y ~ ' v o { o a d a
‘ﬂmﬂﬁnmu%mmawﬁuma%@aL‘mn'uLﬂ%aaaﬂ-ﬂauquqmﬂgu Lﬁamuquthgmm

A

v v =2 & v & ) & o (o] &
ameanealuiasauuns Namsﬂﬂmmaomum’lqmﬁgmaamamh 80 C Lﬂ%qm%ﬂ&l

U

(2
a

inge asuumnminesaslangunpiiiiadlugendt 80 °C amnpliveseimaszgnanad
Windawrihnuanpiiinge mildamnpiigafiunitgmngiiinga evildited lolfuis

A & A o v o a @ ' o o W o a
wazilpwdufena neuukidisgunpiionmaiauinnndi 80 °c - aansnthlanind

msamqm%gﬁmmﬁaﬂﬁmﬁa 80 °cC M’]ﬁ'uqm%gﬁmauﬁaﬁﬂm ‘[mqm‘mﬂﬁmmﬂ

sannd laadnduinnin 80 °c auﬁamﬂﬁq@imzé’m 120 °C lasluszaunszaziianle
MIDUUAIRINITNNARI L NINTasa: 33 LﬁaLﬁm.lﬁ'umiamﬁquvxgﬁ%ﬂqmaa@nm an
& o q o A o o  Aad ) A Ao A o [
'mmlmmmwmaaNa@nmsw"l,umuawq@aﬂmm (MINN 2) WAMTITUHROANARDINL
INWILVDI ﬂ&j;\ﬁ%’ﬂ%ﬂ’msnmé'amuﬁuLﬁm FONULILNBATIAINTTN NTNITINTLNBAT
(W63, 2552)

M1519N 2 Ew%wa"uaaqmmq]ﬁmmﬂ%’auﬁﬁ@iamsamﬁaﬁﬂﬂ

goanndl | 1A WRIIU CRE a, ANy
anNe UL SN L* a* b* LATheN
°C) (min) (g/kJ) (N-mm)
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60 268 24.17 18.52 1.28 9.48 0.684 6.2635
80 182.5 22.485 15.315 1.82 9.015 0.675 7.2625
100 163 23.355 19.845 2.94 12.815 0.661 7.8335
120 131 19.655 20.905 4.84 12.755 0.6495 7.853

140 152 22.005 19.695 3.83 12.055 0.602 9.2035

1 1 A _ o R Aa A ca
3. Namiﬁnmsw:maswmamaﬂﬂmmammmauﬂ‘sum

lumm@aaalﬁ%wmaﬁm’]ﬁﬂ%mﬁUmsﬁaﬁuﬁaﬁ@i’] YU 800 AR WU 2 AILAT

a

qmﬁgwmmﬂlumiau urs 120 °

°c e

C LLazﬁmia@qmwgﬁmmﬂ%”auiﬁmﬁa 80
a & .o o) A & o A , A a &
qmﬁgmuamvl,mmﬂu 80 °C @1319N 3 TIMIBULRAINTTHLWITERINIRIVIINEES
SUNINIONULHE IUYNIAY 10 ez 15 LOuALNATIBLWIAIAN  PIWRIWI NIl
AULAILNIU Lﬁaomﬂﬂi’mgmmfﬁaiauuaﬂﬂnaai’a@;uﬁaéh (Case hardening) %anani
dql/ o v e A dl A v dl 1 a U s
LA L ULAIEIN NI TR WUURIANFUIN NMTOLURINTZLEHN 20 LTWALNAT FTWAIIN1
TeAULIWARNT §IWIIZEZANANIMALYINAY 25 LOUALNAT  MINRINWI LA NITULAIen
ﬁﬁg@ @Taqumwmawﬁmﬁmsﬁﬁﬁqmlﬂ&ﬁmﬁu e NI TLR AN M HATIAITRANTINDIANW
wanzauuazaNNdua lmBuaTsgmand ewsanfsiagnlilunmvihaseuuisbaling
AONNIRZNAUIIF Iz 25 eﬁu.‘*fidLﬂmw:maﬁmazmmzauﬁq@ FIUNTOUNANAANY
Ysunmhaa lunaansaldszezviuay 9 la  iu WdanmsBensze 5 — 15 @,
= é = ] =) {
(E]’]VLW?m@ LAETWNNT, 2550; Dagerskog, 1979) VTN WANNIUANITHE 3.6 T, (Hebbar and

Rastogi, 2001) Iumm@ﬁ"uﬁs:mz 10 wd. (Mongpraneet et al., 2002)

C; a A ' ' A ° R a 4 A Aa & o
M139N 3 awﬁwa"uaﬁw:maizmwmmvl,ﬂmmammmauﬂmnmmmamiamuamvl,u

ITYLHN | 1A WRIIH AR a, ANy
(mm) AULWY | $Lwe L* a* b* withe
(min) (g/kJ) (N-mm)
10 187 20.07 15.02 2.505 8.955 0.701 9.012
15 227 25.465 18.655 3.200 9.205 0.546 229.8
20 175 23.41 19.095 1.545 7.910 0.616 10.332
25 156 21.885 18.175 1.980 9.975 0.6655 7.0095
30 142 20.645 19.525 3.605 11.140 0.6855 7.655
35 133 21.33 16.995 1.355 7.310 0.6885 6.076
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[ o = o o
4. Naﬂ']iﬁﬂﬂ']ﬂ')'l&lli')“ﬂaﬂ ?J']ﬂ']ﬂ‘l%(ﬂ'] LL‘W%\‘]ﬁ\‘] nmmumia‘smsuaﬂﬂ

luﬂwsw@aaal‘*ﬁ%‘nL@]aﬁmﬂﬁﬂﬁmﬁsmwﬁaﬁuﬁaﬁéh YUIA 800 1AF FIWIW 2 )

Lmzqmﬁnuﬁmmﬂlumsaml,ﬁa 120 °C LLa:ﬁmm@qmmgﬁmmﬂ%ﬂﬂﬁmﬁa 80 °C s

qmﬁnﬁl,ﬁaﬁwvlﬂwhﬁ'u 80 °C 38z¥ITenIRITaIENeasauNT L IAN UL e &1 tuvinny 25

U

a & i A = a & Y
LT%@]L&J@I?I%LL%’J@N%’]T’] TN 4 %mLﬁamwmmmmwwmzmlm:mnmium‘s

DULHIFUR LﬁadmﬂqmﬁgﬁmaaNaN'ﬁ@a@mLWﬁzmm%”augryLﬁﬂ"lﬂﬁummﬁmﬂﬁ@aw
2RI TOLWAITIAAR mmﬁymﬂﬁaawéﬁmmim{mﬁfmf’]ﬁizmﬂﬁLLuaIﬁw@‘iwqmiuszﬁu
ANNS? 0.7 D9 1.1 Wwasdeiuf LL@iqmmwmaqwamﬁmﬂunnﬁmﬁ%m%'ummL“’h 1.1
mmeiaﬁmﬁaﬁq@ InflAs9nuNavad Achariyaviriya et al. (2001) a4 32@U 0.7 LWATABIUN
WANNT398U89 Karathanos and Belessiotis (1999) S9auuwins lisannunausioaluay
$ou FenuSmasemeamiiananinnsiian 0.5 f9 2 wasdadmi sumsauAiche
Tulasiwsunuansen 1.25 wasaaiuf (Maskan, 2001)

4 a a = a & a & o Aa & o
13191 4 a‘ﬂﬁwa"uaammmmaommﬂmua‘wummaoLuamvl,amwamiaumamvlﬂ

ANMULTY | L WA AR ay A
M@ aUWAY | Fwne L* a* b* e
(m/s) (min) (g/kd) (N-mm)
04 184.5 21.83 20.085 1.51 7.615 0.642 9.5845
0.7 153.5 20.77 19.635 1.82 8.625 0.6475 6.514
1.1 145.0 21.645 19.040 4.92 12.845 0.627 7.665
1.5 129.0 21.925 19.065 3.71 11.210 0.6605 5.979
1.8 122.0 23.125 23.335 3.405 12.180 0.664 10.601

5. @n17zn1IaunRInladunIIIa

annmsaneatidnldlalunslasidunasaiNanisauuraiitadnle daewNwnIT

a =S a A = 3; o A o o v 1 a a
NANDILLUNIILA BT I(ﬂElﬂﬂ‘]zl"]a“/lﬁwa“llaﬂﬁ"ﬂ?ﬂElﬂi\‘]az‘ijﬁ]fﬂEILiEIx‘]@]']&Ja”I(ﬂ'i_IvL@LLﬂ TUAVBITN

LasaunIILIa qnmg3‘3mmﬂ%"au‘l,uﬁaaauuﬁamn%’a%%uvxlﬁn@ J2HZRITTNINIRIVIEN

&a o & = A o Aa &
LﬁlaiauWTlLi@mULuavaU (153} ﬂ')']lllﬁ’)“llﬂﬁa’]ﬂ’]ﬂt%uaﬁa@]‘ﬂ@aﬂﬂ ‘Yl&l(ﬂaﬂ‘mxﬂwmadma

flouislaun dFluszuy Lra*b* A1 ay ananuniten Wudu wazwasnuinwmizilsle

mIauuis MunIadeiiegmninay o leunszoziam heating up vasEniaat iudu wud

’RN1ITNTALLRINIRNNZRY A
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1. Fnaafdunnsariiadnaafioninawionigis (120 uu.) AukIEd 2ua
800 1916 INUIU 2 67

2. qmﬂ{]ﬁmmﬂ%“auluﬁaoauuﬁamn%’aﬁ%uﬂmmm20 AIFLTRLTUR ARG

A A A A P’ A . @ =

g nGa 80 BIrLTALTYE Luaqmﬂfq}madmaaﬂmmﬂu 80 AIALTALTE

3. TLHTHITERINIRNTIENIAaS A UNTILIANULTa 8 LLYinny 25 Loudluasln
LUINIRN

4. mmL%mada’]ﬂ’]ﬂmﬁa*?a@;maauwhﬁ”u 1.1 LUATEIUN

6. LEWANHHLIANIZVBINTITOLUAI
mMIAnsIFuANBUzIaNIzTaIMIaLURINTzh luanzmIsuLA IRz aNfga
MMURITD 5. AATINITALWRAY (Drying rate) Qniﬁﬁﬁa%Lmﬁ:ﬁwﬂammmﬁﬂwmﬂﬂ%'mlaa
s A A o = N \ ' Y A A o
ihnszinsdailanivvasudsaniad lodenihonanisauuds 30 3 usz 4 F1danns
v a o oA XA o & 4 a )
auwAisnngududBdniniutes 9 wgsganoluna 20 wifl w 80 nIuthdafilaniuy
vasudsvaaiiodlo-wi - SuusestszozmauAvgunnivainanda  (Warming-up drying
. A & . a & = o o da v & I LN A&
period) Litadtitadn ladAnuTugsdigaiuTsRduiisaldii (@muanuduguauddladide
a o v a g o &/ 1 = L v 1 e v v
a3n) Mligunpiiveniiedlogeluatemady nasndhfstdannseuuiigigauda
2ATNMIDULAINAAMI I TIAIITILEAITITOATINNTOLUAIRARY  (Falling rate drying
. o o A A g 2 A e o Aa vo  w
period) tHasanan biidTunaihaaasdslanumansalunssuiaadunisaladm aans
A % = LA o A i .
WwaaudNeNIaIaaad  lagliinsuaadszarnIauuiiadfl  (Constant drying  period)
FOANRBINUNITOLWAY peach AWLANUWNA 5+0.2 UN. I8TIRBBWIILIA (Wang and Sheng,
2006)  myUssilinanlginemediunasnuilsauuiaitad ladoSsFEdun e luanizd

ANIZRN WU HANNFWLURDINFINUINNIL 21.65 ﬁIagaﬁsian%’uﬁwszL%ﬂ

90
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191 3 ANUFUNWTIZRIANNT WA LVIAN LI LAz aAIINITALLAINLLIAN

o
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1. myauthad lodruTagdunssadanudnwldle hasanldianlunivauuisis

WNed 2 Talad 25 Wil siatiadn by 500 nsu taauluansimunzaulagiiniinanasan

nauanltsasay 40 I@qumwmaawz‘i@lﬁmﬁagiummﬁﬁ ANTWAVDILATDIAUAT b UL

a Aa : o & o v
au‘V\li’]Li@ﬂuwaﬂaﬂ’]iauLL%GL%@R’]VLSJVL@]LLﬂ

A a ea A A A o [ A A A &
rhavasEninatduniise  sllafnanzanfigadmiunmseniiiedlofedniaes
LIANFIRANTITRNUHIF 2U1a 800 Tad §1Iu 2 6 (17.49 Tadeanin

. Ea
va3udsvadiiadn by)

a ¥ g a @ o o & v
aﬂW’iﬂNaﬁﬂqﬂiﬂuL%ﬁaﬁ%N’J@lzLLﬂiﬂiﬂGiUﬂquEll%ﬂlmzﬂ‘U ﬁmmmiam"l@gdq@

q U
=3

fiv 120 °C udileamngiinelwied lofimasevuiudrgunniiingaf 80 °C
fﬂ:ﬁaaa@qmﬂgﬁmaammﬂaamﬁmvhﬁ'uqmwgﬁ%nqm

. ' & a a &a e & a & o -
TUTHITTRININ BRIV DITNLA T BUNTUIANUN BRI VAL N LY taaadsd
22U 25 LTUALNAT Lﬁ'a%’nmqmmwmaaNﬁ@ﬁmsﬁua:l,ﬁammﬁm’ﬂm%o
wsEgaasluaumsasnuuuaIasaulunml o
ANULTIVAINMARLANANAANTNRIAULAI A2TNAT 1.1 LUATAIWIN LNaNa:
UM LANMATHABNINR DI UL LALANZINNLATINIOUARAATEULLIAINTT

AUUAINITLIBANY
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2. lEuaNEUIaNIZTINTaLURIE 2 724 fa sruzmaAnaannTveinaniaus:
TULAATINIOULAIANRY 1ag I TNITUROITEULaTINTOLUAIAIN LagaaINNITouLRIa:
a o \ a £ { < e & 4 a o =
BFuanguiudidaniniuGey 9 wnsnigigadszanms 80 niuihdafilaniuvasudves
d‘y o = =
wad lo-uf nneluan 20 Wi

3. ANNRWLUADINAINUINIZLL 0o UNRNIZNNTOLWAINRNNZFURFT 21.65 Tla
gaﬁ@iaﬂ%'uﬁﬂﬁizmy
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Aa A 1 v a [ @ 1 ‘g o
ANENAVDIAMNHRWIUBIVDISIFDRNINIANUAMNISIANADNITA LA LT DA L2
= a A = A = & o o o Aa I
ANNANIANEAIWIN 1 J9aTHNIIANEINITaULad Lo asIRBUNTILIA TaaTln
=1 Aa K di e A Aa a ] 1 v d?/ o < A 1
NMIANBNEIRN 3091120 TINENTNAL1INAaNNITaULR LA 1o BuAa AURWILIL
PoIRIFEUNTIIAUAz e NUTIMATaTagNialaUNAY (LuaT udzAmAz, 2548) LWawn
LUUINRDINITALLRILHa N b iauﬁaﬁﬂwwqmnwwmaawﬁmﬁmsﬁ ﬁaﬁiml"ﬁmﬂ’nu%uauqa
ﬁi’@"lﬁaﬁamﬂmsmaaalumﬁmezﬁﬁagml,um‘i’maanmuLLﬁo nwidpialiiagUszaed
WWaAnELUUdaasnmanzau s w e uIntakadn loluszritemsauuis  law
ﬁwﬁaﬁaqmmwmaawﬁmﬁm&ﬁ%é’amsamﬁa NanIANENaInaaztlwuwIng Tl Lomd
ﬁ'm%'umiaaﬂLmuama:msauLLﬁoLﬁaﬁw"lm'f';ﬂ%’d?«‘éumwLmlmzuuqmmmﬁmiavlﬂ

(Kemp et al., 2001) ﬁ%aﬁﬂﬂﬂﬂs:qﬂ@ﬂ%ﬁumiauuﬁaswuﬁu 9 dali

A5mInaaas

1. "'s'mnan
wamvl,ﬂwuﬁ@a N30 A (muﬂmaumuﬂuﬂﬂma 27 — 28 ¥4.) nasnunziRanuay
Wwiaeen dasdiuarisltedaiinewiilunases Teodnsmenaindueudi63s

AOAC (1995)
2. m‘sﬂ%’uﬂgeqﬂﬂmaanmsanLtﬁ’aﬁﬂlﬂﬁaﬂ%’eﬁﬁuwsﬁtsﬂ

TANATBUNLRAINTLTUL 39 (gﬂﬁ 5) dsznaudiguninlliuinnmemea 1a
muqumm’ﬂ@-’ﬂ@msﬁwmmaom’%laa HeaTIanslg i Fnieesdunie vieavaan 70
wWaauihenmea  vieaudn  azunssdasziiouenma  uAzazuNIITAITUIRQNAREY LU
srungmMaldnaauLuy lnamuuwILny  (Tube axial fan) vhaduassdouaiaas Wi
YU1A 764 106 (1 MaR) Lﬂﬁauw"m‘n'aauLﬂTﬂLLa:aaﬂﬁﬁﬁmT’mmaoﬁauuﬁoéﬁvmﬁaﬂ%’dﬁ
BUNTUIATUIN 50 x 57 LTUALUAT (817 x §9) YUAALBLI 6.7 846N Fadentasnin 10 asen
Weaamitinusasonme  vieausuanmeadndtaslaurniasdouaimerindoman
ATUNTINANVMIALFUHIUGUEINANIT 6 TATINAT U 5 Wit asannusuasdasdoy
mslnavasenmea szuudne i liEniaesdaniuesaslsunsanaan Wi ldsansodsy
wsstaaanwlninle

msﬁnmf?’[sjmmsnm%'wL@laisﬁﬂﬁﬂﬁlma‘ﬂwﬁ'@ﬁ'aﬁuﬁa%@iﬂﬁ BltIniees
sudnauuunasamIniaulauaziouisdrionsluuwinenuuunasag  anuenlinu
300 UARLUAT Lai?umugluﬁﬂma 17 FARNAT VUIA 500 IAG LLazIﬂuazﬁau%'aﬁmeaa@@j
UNA 125 x 45 x 315 VaRLNAT

a597 5 LLam@hLaﬁﬁaqmmuﬁmaa%wma%ﬁuﬂmmmiuaﬂn:@m 9 %aqmﬂgﬁmaa
%mma‘?’éuﬂmmmﬁmaglwﬁw 105.52 - 248.38 aIANTALTER W38 378.52 - 521.38 LARIH
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et @I 1A NENIAAREIRA (Ame) d9aumT (1) azlddnaglugae 556 x 10-6 -

765 x 106 LWAT LEAIINANNEMARUVEISIFOUNIIan LT Tudunsasislng  (Far

infrared, FIR) S‘iﬁaﬁmmm’mﬁua%}mu 3.00 914 1000 ulasiuas

a
bda

)

maxT = b
T

(1)
NN IRIVDIMUNTIRANNTEU (1AATH)

A

A e ANNEINAURIRA (lulasiuas)
U 9

b

@3N 5 dafsgunpiizasiniaaidunrisalusnizen g

ANAINTBINGVBIIU (Wien constant) FALVINL 2.898 x 10-3 (LAI-LAN

fMasesdniaas AMNLTIVRID M punnAvasdninaiaunise £ SD
BunLIa (199) (WATABIMN) (29PN TALTE &)
0.4 113.62 1 8.8616
1250 0.7 161.21 % 1.8290
1.0 111.56 £ 29.6316
0.4 162.82 1 80.1672
1500 0.7 137.07 £ 22.9194
1.0 105.52 % 25.3592
0.4 248.38 1 85.5359
1750 0.7 197.71 X 115.4173
1.0 188.21% 54.1839
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191 5 sawlsznaunanuadaIatauurIdn loduTIRaunTILIe

o

a e a ] v d‘r o v @ Aa v ]
W"IT]NL@IQ?VINNN@]QTYW@‘LILL'V\\‘]LHBE‘I']VLU@]'J YIIRAUNTIR VL@]LLﬂ
1. ANUAMLUUVBITIFIUNTIIA (IR Intensity) a1315a9 l@N&UMT (2)

=2 (2
A
W=V ...(3)
s IR Intensity = FANURWIULUUVITIFOUNIIA (1AGARBAIILTUALNAT)

W = taslWihfseldrusniaessunie (3a6)
A = NufintidauoiRasauuisdsdariniy 2400 mssaudias
\4 = ussanlWihfiselriuiniaesaunsise (Iad)
I = nyeualnifseliuineasaunsise wanuds)

TumsansulsataNurwI LIS IR UNTILIA® 3 32U Ao 0.521, 0.625 WAz

o & a £ ' ' o Aa ' v &
0.729 IAAGAMITNINTUALNAT TINITUUTAIAMUR WUV ITIFBUNIILIO UG ASTZ AT
u50UsUAwIan i ldaneIas  Voltage Regulator  kazi@wiennszua AN
v A &a , & A o o o o a =<
IinuaniaasdunsadeNunninaavadRasaunid (2,400 ANTILTUHAWAT) IFINITD
fMumamad e ldnunieesdunsise leanaums (3)

2. aNSWadaNMe  anmarnwinfadawdng latinaanainfivaaieadily 1l

= A & = A o 4 A A & o o o L
ANNLSIasaI M NI nIdLaRaut Y latinaananmitaivadhad lugaasrinlaaaw  Tu
PULLALINUMIFYLFIANNTOUANNGIY Janimyiaanuiiemeanmelugauiiia
ATIIRALANNULSIVINALALIAAINNULSIVDIANNALA IRV DI AN L LAZAITAINAUA
ARV a LIz U UIA 8N AIBWAITANEIANULSWaIaNATIRNNZ RN L1

v o o v Aa ~ = AN v o [ A

MIDUUAIEN LA UTIRBUNTIIA FeanUT1aMalumInagaularminuald 3 s2au A
0.4, 0.7 4az 1.0 LWAIADIWN

3. MIVURKBNIINAADY
v J o v v Aa VY o Y v dq‘ dq’
lunsnaassauuiaitad loarussadunsse  lamuuatihunansldanusuvaie
° [ [ L a v = A = A [ &
floudsgarieliifusesas 18 anamwdon) Suduldaumnasgrunfaimsioun ans.
136/2546  (MUNNUNATUHAAATUYIAAIWNTIN,  2546)  uazwINMdliaaTniinadans
aunAditad lomuTsFBuNIIaNdaINIANEN  F9ENNNTNBBALLLMTNARBILALAHUA

FLAUANURWLUUVDITIRAUNIIIA 3 32AU Aa 0.521, 0.625 WAz 0.729 1AGGADAIIN
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LIUALNAT FRSUANNTIoIMAlamRua Y 3 529U Ao 0.4, 0.7 waz 1.0 WATAIWN ¥
MINARBININNG 3 1 Aaufln 27 minomInasss laginwinvasiiadloaa3uduilsly
LARZMRINENNINARES A0 500 NTN MFTAANMUTUIZNTZAN B TA9AINIINaReIfiLdas
%ﬂaanwswmaaaéuq@ad asmvliﬁm’mmﬂﬁmUmimaaol@vlﬁﬁmﬁﬂqﬂﬁwwauf‘:aéhvlﬂ
wAslnALAesd 100 3w a:ﬁafmﬂums'guq@msmaaa

4. n'ls'"a'ﬂ@i'lmm?;uauqamaaLf:aé"ﬂﬂ
a’mmsﬁﬂﬂﬁ'ﬁmmmw%uam;aLﬁaoﬁuluﬂﬂsmiaﬁ]LaﬂaWi WU SFNANNTH
suaa 8 3 35 Aa mIneaad mﬂ"ﬁuumﬁaadmdﬂtﬁmmam’ﬂmu%uamla WRzITNS
N1980y S‘i?a‘lumimaaufnﬁ%mﬁmaaaI@mﬁni’a@;mﬂummaaumiauLLﬁaﬁmmsmLﬂs

] a o‘aid ] Y o < g’ b g 1 ai = 1

AW AR S NANAGaNITOLLAIAT be) aum:mu’muﬂmaam@ﬂuLﬂaﬂuLLﬂJaaaﬂ@aVLU
& o & o o & o A o &

ﬁ]’muumLuamvl,sjmem’lmmmuam}ahﬂlmLﬂiaoa@ﬂa’lmumaamvm? (Infrared

moisture determination balance) g’u AD-4714 qmwgﬁlumiau 103 asentaalTos Ldwaan

99 wifl lasiaTasiazusastSinuanuiulugluasfasazinasgwion

(> o q' v n:%’ o
5. WRMIHINUWIN LT Inn1Tauurdiaaile
ANMNEWURBINAINUI N (Specific energy consumption, SEC) fAuultiiluays

Uaﬂﬁuiiﬂuzl;ﬂ%ﬂﬂﬂﬂuﬁﬂ Lﬁaﬂﬂqﬂﬁq%ﬁﬂL%N@q]’%?]aﬂ{a@‘]aULLﬁ\‘]LL@]ﬂ@hGﬁ’u @i’]ﬁ%’]vlﬁﬁl’m
[ ! [ { ' a S A S Y .
a@]iqa')umadWﬂﬁd’]uﬁlﬁuﬂ’]iﬁxLVI geiat/Inm E]{'luﬂﬁixl,“ El‘ﬁ\‘iﬂ’]vl,@"ﬂqﬂallﬂqi (Pakowski

and Mujumdar, 1995)
SEC = —2— ..(4)

mw.gva.p
Wa  SEC = anURWUAaINRINUINI (W/g)

Q = NAINWANVTBUNINALTIUVLIBNNTALUAS (W)

a g 4
Mu,evap = UINUANNTUNTZINAY (Q)

6. ms"imqmmwmmﬁ'ﬂﬂu,ﬁ'amuqmé'nvm:md LANLAZNIYAN

Ao v 4 . a & i A oA 2 A S Ao
ﬂ’]‘ﬂ’J@vL@LLﬂ adIuNuaNNTY (Moisture content) a8 ﬂqﬂﬂﬂﬂﬂﬂﬂﬂﬂiwqmu’]ﬂuag

luﬁ'a@léf'aasi'mﬁmﬁﬂuﬁ'uma gmsummesasitlainiias louisanmenuiuiiwialay
§3%n1TWANNTULUL Oven method sfimwmmgmwﬁmﬁmﬁqmu NN, 136/2546
fnuaiwaliauuiszdasdidanuduliifiudosa: 18 (FHNINUNNIFTIN
HRAATAARNNTIN,  2546) FIUMSIafIIAasuandaa  (Water Activity) Wazeng

]
=4

diunaauaednuludf 1 uadnsuaadd®@siy (AE*) wazen hue angle (h*) @9&UANT

AE* = J(AL*Y +(Aa*) +(Ab*Y  ..(5)
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*

h* = Arctan
a *

HANISNARBILALIDNTOL
1. WHAPBIAMNRWIMUKBITIRBUNINIANTUANNS VBRI NE
H8991NBNINATINTBIA NN IRBUNIISAR LA NS Iwase a1
AATUTaus LN T Uy BNTNATaITA S BT REISINANNNN lasuaaadunan

a a 6 1 2 d%’ o dl v
ﬂ'J’]SJﬁNW%ﬁ‘Jtﬂ’ﬂdﬂiﬂﬂmﬂﬁﬁNTuﬂUL'JE\]']VI&L"I‘JI"L%W‘I‘JQULL%\‘]

1.1 HAYAIAIINAB LU WV BITIROWNILIA

NBEWNITNAFAUNTINRUAAIANNVAUILUUTITIFOWNIIA 3 32AU Aa 0.521,
0.625 Uaz 0.729 I1AGAAANIIILTWANGT LAZIZHHIITERINLad lunuUEniaasaInn 25

a s A o o ¢ ! a & o [

LEWALNAT launagay 3 60 jUN 6 LRAIAINUTNNITIZA ISV A NN T UV 298N L NULIAN

o = . o Aa ' ~ g
MIDUURY B AMULTIVBIDINIALAZANNAWILUBYDITIFOWANTIIAG I@Ugﬂ‘n 6 (N) T
TN 0.4  WATEAIWIN  ANVRWLUBVAITIRAUNTIIAN  0.521 TaddaaIT
LTWALNAT AR IINTOULAIWIWAIN  0.625 War 0.729 1aG@aaN T TUALNGT
ANEIAL LIHAIINANURILUBVITIFEWNTIIA tuunaslrarnuTaunuiitadnly d1anw
o = ° ve A & o A ~ Aa & o = £ &
saumnmzmlﬂm‘naglmuam"l,mﬂaaummmmadl,uamvlmswu LRTNNNALLI W
> dq’ dlﬁ dq’ o dl ) v 1 1 |
AINAWNIANNTUNRIaHas lwaanll  WaR TN NEWRNTINNLINTININ USunm
ANVTUARIBENITIATY Lazaadadnetn o Wannuduluias lomfaiiosdnies lag

% 1 o Aa [ 6 1 a a d‘lv

WA TAN VA LUUVBITIRBUNTILTANNN (0.729 1AGAaATITUALNAT) USuanudu
LAZIAINNTAULKIIZAARILITININANVAUILUBIY §FIUNANLII 0.7 LUATARIUN é’agﬂﬁ 6
@) B3 AaNURLUBUITIRAWANTLIAEY 0.521 TaddaATINTHANAT AAaITINIIN
0.625 1Az 0.729 10AAaANTITUALNAT AN LazNANNLS? 1.0 WasaaIuf é’ogﬂﬁ 6
(A) TNANVAMILUUVBITIRDUNTLIANINNIAN T IUMTOULAIILHBY WEAITIAMNAUILUY
LUTHNRWNUNANN LT I NN Ta U LS Lﬁaéﬁvlsla@gﬂauLLﬁamﬂmW%uSuﬁﬁaﬂaz 81
e lon wialiifiuioesr 18 wb mwmmgmwﬁmﬁmsﬁqmu UNT. 136/2546
) a a a v { &
(mummmmgmwamnmeﬁqmm%mm, 2546) ﬂiﬂWﬂniaULLﬂaLLa@alugﬂﬁ 4 TILFNS
ANTWAVDIAMURWILUBDBITIFEUNTILIANANUTIAN 9 %ammma@ﬁﬁinmm%maa
g o [} > =Y { QI F§/ -5 {
Lﬁam"lﬂa@aamwmwwmLLuwnaasa%auﬂmL‘mﬁl,wmuslunmmummﬁa 1a991nN3
ANUNANUTIUNAIRINNITVAINIUHTIT  Lag lidasanduainatsiunisonalawainaudan
é’dﬁfu%'oﬁaum%mﬁagﬂmvlﬂﬁaLﬁaéﬂﬂmmm ROAANDINLIIUITLVEY Sharma et al.
(2005) NANEIMIBLRANRAADABILIUAK 6£0.1 WU, @28AWT T3 1.0 — 1.5 mis



(1) ANWSVBIDINIA 0.4 NATADIUT
=100 "
= 0.521 IAAADMINIBUALINT
= 7 . — 0.
e S 75 I\
v Jd a
S é@ 5 _X - 0,625 InAADMINIBUALLAT
3 oy @ 1 a
S 0.729 FAAADMI1UBUALINT
- < 25 -
= be)
A
- 0 T | — | T |
0 120 242 Y 360 Y 480d 600 720
nanflslumseuura (un)
(V) ANWSIVBIDINA 0.7 NATADIU
e
. ] T 0521 InddemI NI AAT
aﬂg = 75 o d a
& E 5 o - 0.625 IANBMINIFUALIAT
E o \\\< 0.729 JAARBATLTUAIUAT
=4 33 25
Qr (=3
a0 T T T T T |
0 120 240 360 480 600 720

Aq ¥ Y =
nannlglumseunria (W)

< 1 Aa
(A1) ANUTIVAIDINIA 1.0 memm‘ﬁ

EIOO —I o Jd a
e
. N _—— 0521 Tnddiomanaiandigg
B 5 = 75 =1
= — v Jd a
g = % 0.625 IAAADAIT 1B UALUAT
€ = 7 - A
e g 0.729 SadAoMI1UTUALAT
= 3d 25 =
Qe (=3
= e}
@
a0
0 120 249: v 360 v 480d 600 720
nannlglumseunria (W)
A o o ¢ ' a A o A = o
111 6 ANNFUWWTITAINUTII A MUTUNULIAINANNLTIVAINATEAUEN 9

o

<
1.2 HAVBIAMINLINVBIDINA

Eﬂﬁ 7 LLEW]G‘F]’J'UJgwﬁuﬁizﬁjﬁdﬂ%NWMQﬁﬁw%%ma\‘iEIOWVLEITE]’UL’JQ’]ﬂﬂiaULLﬁG W a4

WWLUUDBITIFEUNTILIALAZANNTIVBIBIMAGS 9 NIUN 7 (1) TIenunmusiuyas
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FIFBUNTUIA 0.521 10AAAANTILTUANAT ANNSWaIaNE 0.4 LuasaaIwIf inlwile
AT AT LLAIEUNTN 0.7 1Az 1.0 LATEa WA ANA1aU LHhadannanuSasanadle
g d?/ dln d?/ o £ =3 ol 1A a o v 1
MwaNIunRveaied lweanly dranusidn (0.4 WasaeIwf) i ldanuruuine
“ Ao dl ] a (% (% a d}/ o =3 o v Aa

Pa93IFBuNTILIaNURataanurnIniaaslwanuTannuLhadn lolauaseaavinlvySunm
ANUTULAZLIAINTAULAIRARILTININAMNLSIAN L HANNTINNALFUNTIWNLINTINTA N
UFHANUTURARIDENITIATT NANURWILUUWTaITIRBUNT LI 0.729 Tadaannsns
LEWALNATIZITIIANRWAIN 0.625 WAz 0.521 IAG6aANTITUALNAT ANEI0U FIWNANW
wuiuaITIRauNT LAY 0.625 Taddamamudiuny ai3UN 7 () wu anaTives
amain 1.0 WaATEaIWIN USVIANUTUITAARITINGIN AN 0.7 Las 0.4 LA
TN AU LAZNANNRWILUWUITIRENNTILIALT W 0.729 1066 aa1TINTURLNAT A9
gﬂﬁ 7 (9) anuivatamannailsiunsauuwisazannayludiy uaasinanuia
PAIANMALUTHUATINUNAIN M INNTaULRS YR uFRL Faanasnwinwiziadeas

(@19747 6)

(M) AMURU MU UVISITOUNTUTA 0.521 Taddom 1y uALAT
E 100 L= =)
e
E T g _—— 04wAsaedui
= 1 a 2
= 0.7 1UATABDIUIN
S <
& 1 A =
g < \\( 1.0 LHASADIUIMN
S 5 25 =
G Wh‘“““‘r‘:-——uuh
| ) \ﬁ* -
@ —
B0 0 T T | I — 1 1
0 120 240 360 480 600 720
aq Y Y =
nannlglumseunria (Wn)

] [ a o d a
(V) ANUMU MU UVDITITOUNT TR 0.625 IAADAITINLEUALNAT

= 100 2 =
= A 0.4 1UATADIUIN
aﬂg U:__é 75 -1 07 1 Aa =
= 7 IUA5A0IUIMN
S = 5 - <
€ s 1.0 1HAIADIUIN
1= = d
S ¥ 257 e
Qo G =
= o
= 0 T T | 1

0 120 240 360 480 600 720
a1 g lumsauuta (1)
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] [ a o Jd a
(,) ANUMU MU UVDI5ITOUNT TR 0.729 IANDA1TINLEUALNAT
100

E 1T A =
= ) 0.4 LUATADIUMN
=
g 'S 75 H
£ e K 0.7 tNAIADIUIN
& & 50 1% T 4
g g 1.0 lUATADIUIN
qﬁ pe 25 -
= o)
N
= 0 T T T 1

0 120 ' 240 360 480 600 720
a1 lumssuuia (1)

1 7 ANUFNABTIZR IS AN TUA DI ANAN VA ILUBVBITIREUNTUIAGS 9

o

A13199 6 ﬂ’J’]&I%HLﬁBﬁ’]VLULLﬁJ szaznalunsauuid uazanuawmdfasnasnuinmizle

o & o
m‘sammuuamvl,ﬂ
IR Intensity (W/sz) Air velocity (m/s) MC (% wb) Drying time (min) SEC (kJ/g water evap)

0.521 0.4 11.8+£0.5 551+159 69.93+20.50
0.521 0.7 15.5+£2.7 512+119 94.23+31.99
0.521 1 18.0+2.4 4861122 77.79+14.15
0.625 0.4 19.2+0.4 276127 58.68+13.86
0.625 0.7 10.1£1.8 3961138 71.46+24.58
0.625 1 14.7+£3.6 505179 90.87+14.68
0.729 0.4 10.5+£2.2 212448 51.39+11.73
0.729 0.7 12.7£2.0 194424 45.48+7.15
0.729 1 15.7£1.7 4641224 83.49+18.40

2. Namsﬁnmmm?;%auqammLf:aé"flﬂ
msmﬁwmm%uam;a‘luam’azmwwmLmumaﬁaﬁﬁuWﬁLmﬁummL%Tllaa
21NAGNY 9 I@mJa'aUIﬁLf‘:aﬁnvl,U%aagliluﬂ;@maaumiauLLﬁ’aﬁmmmLLﬂimwnﬁﬁma%ﬁﬁ
Hadansauuisd ladhganizauganuanzaimalassauied wihnlSamenuiu
au@]aI@ﬂi“ﬂﬂ%ﬂd’?@mw%uLLU‘LIEuWﬁLi@ (Infrared moisture determination balance, ﬁﬁa
AD % AD-4714) ﬁqmvxgﬁ 103 asrnmai@oa 1Hunan 99 wifl laslinssenifinuniugey
AUTOWULUTITUTA (Natural hot air oven, ﬁlﬁa Memmert ‘ju UFE) Namm%uam;aﬁ
Geulumsauusdn 9 waesluasfl 7 Tee@anuduiusuuunanenBadu (Linear

regression) NUAMURMILUUVBITIRIWNIIIA (IR) WAZANNULIIVEIDINA (V) AIFNANT
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M, =18.375—26.656 X IR +8.704v;R = 0.808 ..(7)

A1319N 7 Namaamm%uam;amaa Lﬁﬂﬁ’]vlﬂiﬂ Elﬂ’]iﬂ@]ﬁﬂﬂﬂ’]iﬂ‘uuﬁdﬂo’]vl,ﬂﬁ’] H3IFEUNTILIA

IR Intensity - AnNNTHRNgs (Sauazanaignwlen)

. .. AMNLTIVBIDNA :

(1996801319 . v v v Py

- (LIAIABIUN) $IN1T | M2 | TIN3 OOH

LTUALNAT)

0.521 0.4 6.2 10.1 6.9 7.73
0.7 8.6 12.7 9.1 10.13
1.0 15.4 16.1 11.2 14.23
04 54 6.0 3.8 5.07

0.625 0.7 6.7 7.6 7.3 7.20
1.0 12.0 10.8 9.9 10.90
0.4 4.2 2.7 2.0 2.97

0.729 0.7 5.1 4.2 4.9 4.73
1.0 6.0 6.8 7.6 6.80

3. Llﬂﬂﬁqaﬂﬂgﬁi'\ﬂqiaﬂuﬁﬁ
= o A & v & o a &
ﬂ’]iﬁﬂ‘lﬂqLLUU%’]&ﬂ\‘i‘ﬂ’]\‘iﬂm@lﬁqa@]sﬂ’]iﬂULL'ﬁﬂLuaaq‘lﬂ aqll’]iﬂﬂ']vl,@‘ﬁ(ﬂﬂﬂ’]?uﬂiqxﬁ
lugﬂﬂ?']&]élmquSZ%'jqﬂé’@ﬁqfﬁl']uﬂ')']N%utLﬂzL'ﬂa’]ﬁlﬁuﬂ’]iaULLﬁﬁ ﬁllﬂ’]i“llaﬂé/@lﬁ'lﬁl'.]u

ANTUHAIUITHANN

_M,-M, ..(8)

MR =
M, - M,

o a e & a & 4 E

Wo MR fa aana@manudu uaz M, M, M, fa anuduinmleg anudwiuan uay

mm%uam;a AURIAL

ANMIATIITIHATINALALITI WML LI IRaINIIATAFIRAT T LR IN T uT
lumiﬁﬂmﬁm%'umiauLLﬁd’E’@lqmamimwmﬁwmmTﬂLLa:Na"L&T infioultuuudnaadida
|wSaaa (Empirical model) a17LT% wUUI1889 Newton, Henderson and Pabis, Page W&

Modified Page (a131971 7)
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P o a & o a dl & a '
M131291 8 LL'lJ‘]J'%']E\lEN‘Y]’N@RW]?H@@WLWﬂﬂﬁU’]Uﬂ’ﬁLﬂaEJ%LL‘IJE‘N@]']’]&J"HWTJﬂx‘]']ﬁ@ﬂ%iz'ﬁ’]ﬁ\‘]ﬂ’]i

ALY
Model name Model Reference
Newton or Exponential MR = exp(-kt) Jain and Pathare (2004), Lin et al.
(2005), Sharma et al. (2005),
Waewsak et al. (2006)
Herderson and Pabis MR = a exp(-kt) Jain and Pathare (2004), Lee et al.,

2004; Sharma et al. (2005),
Waewsak et al. (2006)

Page MR = exp(-kt") Jain and Pathare (2004), Lin et al.
(2005), Sharma et al. (2005),
Waewsak et al. (2006)

Modified Page MR = exp[(-kt)n] Jain and Pathare (2004), Sharma et
al. (2005), Waewsak et al. (2006)

18 k, n, a, b AaFAINNNTaLLIKI ILULINADY &% £ A LIA INITALLIEY

1 s a A‘ @ A 2 U o e 2 1 d
dgutszaninisaadula (RY) dnisaaadlafiasses () uazdisniaadaasnin
{ o Qo { =Y Qﬁd 1
ARNALARBUNRIRBILARE (Root Mean Square Error, RMSE) {uw1miitaasnai@dezae
a & a a A ] o o ' A A4 4
lunmsienzimadSsuifsuinamimanuuindrlumsviwsaranuruiddowudas
luszningmsauuiisassan (Jain and Pathare, 2004; Lin et al., 2005; Sharma et al.,
1 2 I 1 =Y a A |° L ]
2005; Waewsak et al., 2006) ¢ R™ iudwindiaaimiaiianaanylunsdsueangmniw

TadgﬂLLUUE‘T&Jﬂ’]TI%LLUU'ﬁ’]ﬁaﬂﬂﬁﬂﬂfﬁ@lﬁﬁmﬂ%ﬂﬁiﬂﬂuﬁx‘] I@]U@x‘]ﬁﬂlﬁvﬁlﬁ 1.0 L&AIIN

o o« ' [l o { . 2 1 | a aa
LUUFIRaIAINENNNAMNLIBEININ Imm:ﬁm A wRea RMSE Lﬂ%W’Wi’]NL@lag‘ﬂWGaﬂ@

ﬁsl,"ﬁliauaﬂmmﬁ@wmmiumsﬁwmUﬂ'waaLLum‘haao‘mamﬁmma@% AIULLLFINDIN

A v A ' ° ° { ' 2 ' ' 2
adiargaINITauuRINdanuudng lunmsiwsimanzay aa3aslidn R” anuaien 7y

L8zA1 RMSE 108 laggunisuaadnIsan s nInI I aLaasa o

< 2
MR —MR )
, EMRiso

P .(9)

N—n

N 2
4MR._—MR
RMSE = \/Zrl< i exp /‘pre) . _(1 O)

N

Wadn MR, uaz MR, \IuA190 718U NNTUNNNITNARBILAZIINANITYINIE NEGY

A1 N 1Az n UWINWIRAIRILNG LAZFIWIBAIAIN ILLLEIAY ATUE1AL
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MINATIERRIATNITNALATANY 9 VOILUUINRINNARAAFASNITOLURAS 15
makamM e NnzRuuurINInanasf bilBadu (Nonlinear regression) liaw1AWITALA3S
2ILUUININIATIAARATANTALWAI Newton, Henderson and Pabis, Page a8z Modified

a & A 4 A9 o = o P
Page WaMTILATIZRLEAIIHAT190 9 T9TARNIMLLE R84 Page Hanununzauluns
o a & & v o v Aa A 2
Mwsnmadfsuudatanaduvasiedr loauuiadinTaFBunse innziidl R gega

> o - ' ) ' o : 2 o
WINNULUUE1889 Modified Page agﬁﬂwma 0.9606 — 0.9913 WeiLULI1A8I Page Ve Y~ @1
A1 39LBNUUUINRBIAINEINBLRAINGANTTUMTENBINANNTUL B Had luauuAIa e
FIFBUN TG gﬂﬁ 6 URAIANURAAANBIVBIOATIFEIRANVUTUN FIINNTNARILAZANT
o o A = A A8 o = . o \ A Ay o
Muwalasuuuinass Page NANNSI01MA 0.4 m/s TITIALAWINBANFIBANUTUA Lea1n
MINUIBNTELBLTAY 9 LHFUATY waasiuuuitaadaNnsainweldd saanaadny
NUATLVad Sharma et al. (2005) ANWIWLINLULFINES Page anzRuNUNMIaUnauia g
AWLIBAWT 620.1 WU, GIVIIFEUWTILTA UAZITBITLVAY Lin et al. (2005) NoLUAINWNARL
WNIWIA 10, 17.5 WA 25 WU, LWUULEaNUDITINNUIIFOUNWIILIA &% Jain and Pathare
(2004) WuULUL4889 Asymptotic %38 Logarithmic (MR = a, + a.exp  (-kt)) LANIZRUNI
WaoLuAInaun A A ARLIRARY 620.01 WX, GAaTIFBUNTIIATINNUANTaN Tw s
Togrul (2006) @nwINLILULINR8Y Midilli et al. (MR=a.exp(-kt")+b.t) LANNZFNNNTOLLATAN
< 2 o v Aa . A R o & oa
RUTUAUT 1 — 2 WU, UTIRIUNINIAANNLNTIARU 2 — 3.5  Um TIaaLdussw
a 1 Y [} 1 { a v ¥ o é ] 1 =3
BuNTLIAT9INAT9T9Na1 watihasannulIehuLUIIaeY Page moﬁgﬂaumimmﬂﬂ
a a 1 d‘ly dly o v 3 =3 1 o | A v =
sunTnaturswg@nssunsanamanuTueditas lolauds 39lddndunezdasdnm

LUUF889D% 9§ TINITALAINNEN LaZANUTUTaUIINNI

0.9 ~
0.8 .
0.7 ~
0.6 -
0.5 M
0.4
03

2
0.2
0.1 ,&M

0 T T T T T T T T T ]
0 01 02 03 04 05 06 07 08 09 1

Predited values

Experimental values

in 8 2ATEIBANUTUVBINITOLUA LTS ﬁ’]vl,&lﬁvl@qf'ﬂﬁﬂﬂﬁ‘i‘i’l@aa{i LRZNNITWIBAQY

o

KUUF1889 Page NIzAUAMURWILUBTITIRBUNTINIAAIT 9 LAz ANNLTI0ME 0.4 m/s
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IR intensity  Air velocity

Model name ) constants; k in min_1 R2 Chi-square RMSE
(W/ecm”) (m/s)

Newton 0.521 0.4 k=0.0054 0.9712 0.0265 0.0132

0.7 k=0.0055 0.7446 0.0472 0.0235

1.0 k=0.0049 0.8640 0.0476 0.0237

0.625 0.4 k=0.0111 0.8905 0.0651 0.0324

0.7 k=0.0030 0.9889 0.0019 0.0010

1.0 k=0.0105 0.7343 0.0866 0.0432

0.729 0.4 k=0.0127 0.9497 0.0364 0.0181

0.7 k=0.0116 0.9397 0.0581 0.0289

1.0 k=0.0120 0.8310 0.0663 0.0331

Henderson & Pabis 0.521 0.4 k=0.0054, a=1.3871 0.9712 0.0090 0.0045

0.7 k=0.0055, a=1.4538 0.7446 0.0193 0.0096

1.0 k=0.0049, a=1.6572 0.8640 0.0181 0.0090

0.625 0.4 k=0.0111, a=1.8458 0.8905 0.0452 0.0224

0.7 k=0.0030, a=1.0581 0.9889 0.0000 0.0000

1.0 k=0.0105, a=3.1986 0.7343 0.2552 0.1272

0.729 0.4 k=0.0127, a=1.4801 0.9479 0.0133 0.0066

0.7 k=0.0116, a=1.7465 0.9397 0.0330 0.0164

1.0 k=0.0120, a=1.9165 0.8310 0.0515 0.0256

Page 0.521 0.4 k=0.0001, N=1.7197 0.9911 0.0002 0.0001

0.7 k=0.0001, N=1.7517 0.9842 0.0016 0.0008

1.0 k=0.0000, N=1.7379 0.9847 0.0007 0.0004

0.625 0.4 k=0.0000, N=1.9863 0.9913 0.0003 0.0002

0.7 k=0.0002, N=1.4407 0.9606 0.0022 0.0011
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Abstract

The 500-gram fresh Longan flesh of Daw variety with 80% wet basis moisture content was dried until the
26 % wet basis moisture content attained. This was to study the optimum drying strategy by infrared wave. The
result indicated that two infrared ceramic heaters with a power of 800 watts for each one (17.49 W per a gram of
Longan flesh dry matter) which had a distance between their surfaces and material surface of 25 ¢cm could be used
for flesh Longan drying with the air temperature of 120 °C at the beginning and 80 °C which was equivalent to the
product temperature toward the end of drying. When the air velocity over sample surface kept constantly at 1.1 m/s,
the drying characteristic showed 2 drying periods, i.e., the warming-up and the falling rate drying periods, without
having a constant drying period. The highest drying rate occurred after 20 minutes with the rate of 80 games of
evaporated water per a kilo of Longan flesh dry matter. With an electric charge of 2.5 Baht per unit (kW-hrs), the

electric energy consumption cost 53.18 Baht per a kilo of dried Longan flesh.

Keywords: Infrared drying, Longan, Drying rate, Drying characteristic
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ABSTRACT

The 500-gram longan flesh of Daw variety with moisture content
approximately 80 % w.b. (wet basis) was used as the experimental
material. This amount of longan was dried until the final moisture content
of 26% w.b. was attained. The results indicated that a pair of the infrared
ceramic heaters with a black square surface of 800 W each (17.49 W per a
gram of longan flesh dry matter) which had a distance between their
surfaces and material surface of 25 cm could be used for flesh longan
drying with the initial air temperature of 120 °C followed by 80 °C which
was equivalent to the product temperature toward the end of drying. When
the air velocity over sample surface kept constantly at 1.1 m/s, the drying
characteristic had 2 periods, i.e., warming-up and falling rate drying
periods, without having a constant one. The highest drying rate occurred
after 20 minutes at 80 grams of evaporated water per a kilogram of longan
flesh dry matter. The specific heat consumption was 21.65 kJ per a
kilogram of water evaporated.

Keywords: Infrared drying, Longan, Drying rate, Drying characteristic
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Optimum Condition of Longan Flesh Drying Using Infrared Radiant
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Abstract

The 500-gram longan flesh of Daw variety with moisture content approximately 80 % w.b. (wet basis) was
used as the experimental material. This amount of longan was dried until the final moisture content of 26% w.b.
was attained. The results indicated that a pair of the infrared ceramic heaters with a black square surface of 800
W each (0.64 W/cmz) which had a distance between their surfaces and material surface of 25 cm could be used
for longan flesh drying with the initial air temperature of 120 °C followed by 80 °C which was equivalent to the
product temperature toward the end of drying. When the air velocity over sample surface kept constantly at 1.1
m/s, the drying characteristic had 2 periods, i.e., warming-up and falling rate drying periods, without having a
constant one. The highest drying rate occurred after 20 minutes at 80 grams of evaporated water per a kilogram of
longan flesh dry matter. The specific heat consumption was 21.65 kJ per a kilogram of water evaporated.

Keywords: Infrared drying, Longan, Drying rate, Drying characteristic
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Abstract

Temperature uniformity is one of the most important considerations for scaling up of a drying unit.
Water load was used to determine the temperature distribution in an infrared radiation drying setup. The
infrared energy generator was a double of electric infrared heaters made from quartz tube elements
covered by a metal sheath infrared radiation element. Five mm depth under the water surface of infrared
penetration was selected to monitor temperature-time history over 60 min. The changes of water
temperature at any position in the drying chamber were determined. Variables affecting the water
temperature were power level, time, distance, air velocity and clearance, respectively. The clearance and
air velocity were inversely proportional to the water temperature; whereas, the other variables were
directly proportional. However, these two relationships were not linear. Therefore, some dependent
variables were transformed in order to conduct a linear regression analysis. Results showed that
mathematical models which were a function of the abovementioned three or more dependent variables
were most suitable for characterizing different temperatures of water indicated by the adjusted R’

Keywords: Drying, Infrared Radiation, Temperature distribution, Mathematical Model
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no. R’
L. In(dT) = 2.6281n(E) + 1432 In(r) ~ 3.872E — 02(r)~ 0.604 In(d) — 0.919In(v)+ 0.321In(c / )~ 17.280 0.891
2. In(dT)=2.625In(E)+1.435In(r) - 3.889E — 02(¢)+ 0.623In(c / d)— 0.917In(v) - 20.511 0.881
3 In(dT)=2.6131n(E) +1.4311n(r) - 3.874E — 02(¢)+ 0.6121In(c / d ) - 20.434 0.861
4 In(dT) =2.6121n(E)+1.4301n(r) - 3.867E — 02(t) - 0.5911n(d)+ 0316 In(c /d ) — 17.269 0.871
5 In(dT)=2.625In(E)+1.4301In(r)— 3.861E — 02(¢)+ 0.622 In(c / d ) — 20.547 0.863
6 In(dT)=2.6121n(E)+1.4301n(r)— 3.868E — 02(r)+ 0.605In(d)+ 0.5431In(c/d ) - 0.222(c / d ) - 16.956 0.871
7 In(dT) = 2.716In(E)+ 0.726 In(¢) + 0.725(c / d ) - 20.967 0.805
8 In(dT)=2.729 In(E)+ 1.407 In(¢)+ 0.731(c / d )~ 3.755E — 02() - 22.096 0.853
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14 In(dT) = 2.595In(E)+ 0.729 In(r) - 19.294 0.758
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16 In(dT) = 2.9001n(E)-19.283 0.687
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Abstract Modeling the color changes, texture development and volume
shrinkage during thermal processing may be useful in monitoring the
equality of the final product. Experimental data on the changes of color,
texture, and volume shrinkage for longan flesh in infrared drying were
studied at infrared (IR) intensities at 0.521, 0.625 and 0.729 W/cm? and air
velocities at 0.4, 0.7 and 1.0 m/s for 0 — 200 min with 20-min intervals.
Total colour differences (TOC) of longan flesh followed the reaction
kinetic model having a first order. The reaction rate constant during
infrared drying were found to increase as infrared intensity and air velocity
increased. Volume shrinkage of longan flesh followed a third-degree
polynomial equation. The first two constants were found to increase as
infrared intensity increased. Specific volume of longan flesh as moisture
dependency followed the reaction kinetic model having a first order. The
reaction rate constant during infrared drying were found to increase as
infrared intensity increased. A good agreement between observed and
predicted values of TOC, cohesiveness, and shrinkage as moisture content

dependency for longan flesh were obtained, with root mean square values



ranging from 0.64 — 7.34 % and Chi-Square from
0.00071 — 0.09325. A model of shrinkage as moisture
content dependency was the best, resulted from the data
measurement done by the whole fruits, partly taken data
measurements for the TOC and cohesiveness. Therefore,
for a better model the data measurement should be done

by in whole sample, rather than in part
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Figure 3 Change in total colour diference of longan flesh (Left) at 0.729 Wi/cm® and (Right) 1.0 m/s.
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Figure 6 Kinetics of volume shrinkage as a function of time during infrared drying
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Table 1 Equation parameters, correlation coefficients, %RMSEs and Chi-sqaures of the colour change models

IR intensity Air velocity First-order reaction

(Wiem’) (m/s) k. (min") R> %RMSE 7’

0.521 0.4 -0.00941 0.933 4.81706 0.02808
0.7 -0.00843 0.700 4.21576 0.02150
1.0 -0.00798 0.853 5.83642 0.03791

0.625 0.4 -0.01078 0.918 6.53430 0.05166
0.7 -0.00636 0.961 6.49601 0.05106
1.0 -0.00581 0.970 5.30955 0.03411

0.729 0.4 -0.00767 0.914 4.81770 0.02808
0.7 -0.00661 0.954 3.77084 0.01721
1.0 -0.01621 0.970 3.70288 0.01339
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Figure 7 Experimental and predicted total colour difference (TCD) for longan flesh during IR drying.

4.2 WUUINADILHBTNAH

Manumienz@a  (Cohesiveness)  LHudnfiRanan

A smNeltiaite s F U by PNNIIFBHBAINATS

n32A18  (Scatter diagram) wWuindanusuwunsAULalug
auuﬁuﬂuﬁﬂwﬁﬂum (m'ma‘ﬁ 2) é’difuaumiﬂﬁﬁ%mﬁﬂ"f
Tai'ler ﬁaﬁmsmnmmmé’uﬁuﬁﬂugmmu polynomial 31NN17
JiaemInanasditan (Multiple regression analysis) 2416
suuunveIFNMINADAY sail

Cohesive= f3,+ Bt + B, +ﬂ3t3 )

\dla Bo. BB, By = shasi

t= anlumsauuis (min)

lagilarinmAle it Ne aun1InanauUaIAIAINGNd

B, B, i

anwdnusiuauldn ud B0, dulsituivanuduas

9 AduaiTunuaiudsdn  wuinenesi

o oo = o &
WRNUAINULIINY Q3%

B, =083822xIR+0.19271xV, R*=0981 ()
B,=0.01138xI/R-0.00289 <V, R*=0610 (9)

MINIURBLLLUIAa AU UAIaNuwRa Bz dania laa3e

WUINTANMUUANFAINURBENIN (AW 8)

Table 2 Equation parameters, correlation coefficients, %RMSEs and Chi-squares of the cohesiveness models

IR Air Order 3 polynomial
intensity | velocity ﬂo ﬂl ﬂz 183 R? %RMSE Zz
(W/em?) (mis)
0.521 0.4 0.66464 0.00816 -0.00010 2.75E-07 0.743 3.79778 0.02493
0.7 0.70063 0.00481 -0.00004 7.95E-08 0.761 2.75288 0.01310
1.0 0.72658 -0.00489 0.00009 -3.7E-07 0.708 3.32422 0.01910
0.625 0.4 0.62776 0.00610 -0.00005 7.45E-08 0.759 2.89863 0.01452
0.7 0.56416 0.00880 -0.00005 6.09E-08 0.888 5.06982 0.04443
1.0 0.67914 0.00705 -0.00009 2.84E-07 0.594 2.02019 0.00705
0.729 0.4 0.69298 -0.00006 0.00003 -1.70E-07 0.745 7.34481 0.09325
0.7 0.65597 0.00877 -0.00010 3.11E-07 0.374 3.19430 0.01764
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Figure 8 Experimental and predicted cohesiveness for longan flesh during IR drying.
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Table 3 Equation parameters, correlationn coefficients, %RMSEs and Chi-squares of the volume shrinkage models

IR intensity Air First-order reaction
2, . . 2 2
(Wicm’) velocity a kv (min’) R %RMSE 4
(m/s)
0.521 0.4 0.52437 0.00208 0.891 1.16016 0.00233
0.7 0.51859 0.00194 0.856 0.64270 0.00071
1.0 0.52615 0.00166 0.865 0.79223 0.00108
0.625 0.4 0.52080 0.00250 0.913 0.76831 0.00102
0.7 0.52743 0.00180 0.949 1.05159 0.00191
1.0 0.52389 0.00206 0.921 0.87665 0.00133
0.729 0.4 0.53933 0.00256 0.968 1.29511 0.00290
0.7 0.52817 0.00243 0.960 0.82222 0.00117
1.0 0.51775 0.00234 0.950 0.76980 0.00102
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Figure 9 Experimental and predicted specific volume for longan flesh during IR drying.
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1. Introduction

Longan (Dimocarpus longan Lour.) is an evergreen tree of the Sapindaceae
family and is grown commercially in many countries, including Thailand, China, India
and Vietnam (Jiang et al., 2002). In Thailand, this agricultural produce is a considerable
importance in country trade and is exported in several forms: 58.18 % fresh longan
fruit, 1.42% frozen longan flesh and 39.85% in both dried whole fruit and flesh. A
longan flesh is fleshy, translucent white aril and popularly consumed throughout the
country is edible. Its high initial moisture content and hence energy cost in drying has
been a concern to many food produces. Especially, human beings are facing with an
energy shortage. There is, therefore, a concern to develop an innovative way of drying.

There are plenty of nation publications reporting the traditional hot air drying of
either longan flesh or longan fruit. Drying condition with such method is usually done
in the range of 50-80 °C with superficial air velocity of over 0.3 m/s to minimize
changes in physical and chemical properties. The major disadvantages of this traditional
drying technique is that it is subject to; have a low drying rate and hence long drying
time especially in the falling rate drying period(s), eliminate the product qualities and
hence shorten the shelf life.

Drying with an electromagnetic wave, on the other hand, has become a new
innovative technique in the past decade. There are three electromagnetic spectrums used
for drying, heating, cooking, baking, roasting, curing and thermal treatments (blanching,
pasteurization, sterilization, etc); infrared, microwave and radio frequency. Infrared
wave has advantages among them as, lower capital cost, easier and safer technology,
longer lifetime of irradiators, and can be used in a variety of different applications with
many substrate materials. As a result, infrared drying has been investigated as a
promising method of foodstuffs; including fruits, vegetables and grains (Afzal et al.,
1999; Afzal and Abe, 1999; Umesh Hebbar and Rastogi, 2001; Datta and Ni, 2002;
Mongpraneet et al,. 2002; Das et al., 2004a, 2004b; Jain and Pathare, 2004; Nowak and
Lewicki, 2004; Umesh Hebbar et al., 2004; Sharma et al., 2005; Togrul, 2005; Bazyma
et al., 2006; Praveen Kumar et al., 2006; Togrul, 2006; Wang and Sheng, 2006).
However, any work on the infrared drying and drying kinetic of longan flesh has not
been identified till now.

Modeling the color changes, texture development and volume shrinkage during
thermal processing may be useful in characterizing texture and quality of the final
products. The objectives of this study were therefore to examine a kinetic of these
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properties and then to develop an appropriate model for predicting foremention data.
This knowledge will be an alternative energy in drying of this potentially valuable fruit.

2. Material and Methods

2.1 Longan Flesh

Longan fruits used in this study were E-dow variety having a range of 27 — 28 mm in
diameter. This longan cultivar is used worldwide in the drying process because its
excellent taste when dried.

2.2 Experimental Setup

A laboratory scale unit of the infrared dryer is shown in figure 1. A rectangular ceramic
board infrared heater, measuring 20 x 30 cm in area with an electric power of 2.4 kW
were attached to the metal frame. The radiant power was regulated by adjusting the
voltage and hence infrared intensities at at 0.521, 0.625 and 0.729 W/cm®. Air velocities
were also varied at 0.4, 0.7 and 1.0 m/s. Each treatment was replicated for three drying
runs for a model development and one for a model validation.
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Figure 1 Components of an experimental set-up
2.3 Product Quality Assessments

Experimental data on the changes of color, texture, and volume shrinkage of longan
flesh in infrared drying were studied at each drying run for 0 — 200 min with 20-min
intervals. Three fruits at a time were taken out from an IR dryer for quality assessment.
The color values and texture in term of cohesiveness and adhesiveness were directly
measured and indicated promptly by a spectrophotometer (model MiniScan XE Plus)
and texture analyzer (model TA.XTplus, Stable Micro Systems Texture Technologies
Inc., UK), respectively; whereas, the shrinkage index was calculated from a moisture
content and solid volume of longan flesh follow the predetermined equations.
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2.4 Model Considerations

The measured quality data were fitted to the rate of change of a food property with a
rate constant varied from zero, half-, first-, second- and third-order reaction kinetics.
Regressions analyses obtained from this consideration were done by using SPSS 15.0
for Windows routine. The performance of derived new models was evaluated using
various statistical parameters such as coefficient of determination (R?), root mean
square error (RMSE) and Chi-square (X?). The higher correlation coefficient value (R?)
and the lower values of RMSE, and X* were chosen as the criteria for goodness of fit.

3. Results and discussion

Total colour differences (TCO) of longan flesh followed the reaction kinetic
model having a first order. The reaction rate constant during infrared drying were found
to increase as infrared intensity and air velocity increased. Volume shrinkage of longan
flesh followed a third-degree polynomial equation. The first two constants were found
to increase as infrared intensity increased. Volume shrinkage of longan flesh as
moisture dependency followed the reaction kinetic model having a first order. The
reaction rate constant during infrared drying were found to increase as infrared intensity
increased. A good agreement between observed and predicted values of TOC,
cohesiveness, and volume shrinkage as moisture content dependency of longan flesh
were obtained, with root mean square values ranging from 0.64 — 7.34 % and Chi-
Square from 0.00071 — 0.09325.

A model of shrinkage as moisture content dependency was the best among TCO
and texture, resulted from the data measurement done by the whole fruits, partly taken
data measurements for the TCO and cohesiveness. Therefore, for a better model the data
measurement should be done in whole sample, rather than in part.

4. Conclusions

Kinetics of color changes, texture and volume shrinkage in longan flesh during
infrared drying have been determined by the direct gravimetric method at 3 IR
intensities and 3 air velocities. The general reaction equation has been employed and
shown that the TCO model followed a zero-order and the shrinkage followed a first-
order. The texture change in term of cohesiveness, however, followed a third-degree
polynomial equation. More work is needed to refine the other texture parameter so that
the general reaction equation could be applied.
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Drying Characteristics of Longan Flesh by Infrared Radiation
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Abstract

The objective of this study was to determine drying characteristics of longan flesh by infrared radiation
(IR) using twin IR heaters having a radiated length of 300 mm and 17 mm in diameter with 500 watt for each
heater. These twin IR heaters were placed in a parabolic sheath. Using two parabolic sheaths, IR radiated in a
range of 3 — 8 micrometer falling in the mid-infrared radiation (MIR). The distance from IR heater to a longan
surface was fixed at 25 mm. In the present study, the effects of IR intensities, 0.521, 0.625 and 0.729 W.cm” and
air velocities blew over the sample surface of material being dried, 0.4, 0.7 and 1.0 m.s" on moisture loss and
dried longan flesh qualities were investigated. A-grade longans cv. E-dor (approximately 27 — 28 mm diameter)
were used in this study. The longan flesh with the initial moisture content of 80 % w.b to be dried to final moisture
content of 18% w.b. according to Thai Community Product Standard number 136/2546. Drying rates were used to
determine an appropriate empirical longan flesh drying model considering from the goodness-of-fit between the
calculated and experimental moisture ratios; namely the coefficient of determination (R2), the reduced chi-square
(X2) and the root mean square error (RMSE). It was found that the Page Model described the moisture loss within
acceptable ranges. Moisture content (not excess 18 % w.b) and water activity of dried longan flesh (less than
0.75) met the requirement of Thai Community Product Standard number 136/2546. The L* and a* values
increased whereas the b* decreased in dried longan flesh.
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Herderson and Pabis MR = a exp(-kt) Jain and Pathare (2004), Lee et al., 2004;
Sharma et al. (2005), Waewsak et al.
(2006)

Page MR = exp(-kt") Jain and Pathare (2004), Lin et al. (2005),




Sharma et al. (2005), Waewsak et al.
(2006)

Modified Page MR = exp[(-kt)"] Jain and Pathare (2004), Sharma et al.

(2005), Waewsak et al. (2006)
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wrugn lunsnueAANTRLILAs Wk a9 U Tusendnannsauni (Jain et al., 2004: Lin et al., 2005; Sharma et al.,
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2005; Waewsak et al., 2006) A1 R® luAmisiweimeadandnAnylunistuenamuninaesgtuuuannisly
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2MR, . —MR_.)
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" (MR —MR )
RMSE = i=1 iexp ipre (3)
N

i MR, waz MR, U nInda1AaTuaInnIImAaeIuazaInnImintug AMNEIAL A1 N uaz n s

i.exp

o

ANFAUNG BWAZANUILAI AN LLLLANA89 ANNASU

WANIUIUNIET D un15auuvaidasle
ANNHAVILARINATIUINNAE (Specific energy consumption, SEC) HanldiduatauananssnusiAzasay
U d‘ 901 o AI U o U 1 o U d’l v [ ] o dl 901 1
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UNszimedannlfainauns (Pakowski and Mujumdar, 1995)
SEC =
My evap (4)
A A” A o o
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& 4
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msaAgIziAMnINIaailas lauia
iean laeuuislinmadniBuinanuaulng 1diasesdnnnuTuaesa g (@ AKD fu AD-4714) sagl
fomnH 103 aeAIaEsa Wi 99 Wil dnAnaIasuaARLA (Water Activity,a,, E7@ Aqua Lab $1 Series 3TE) uaz
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M, =18.375—26.656 X IR +8.704v;R , = 0.808 (5)

AN599 2 ANTNTUANAATDURAT I (%w.D.) NANNIZNITBLIUTIGNY

IR Intensity Air velocity (m/s)
(W/ecm®) 0.4 0.7 1.0
0.521 7.5 10.1 14.2
0.625 5.1 7.2 10.9
0.729 3.7 4.7 6.8
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IR Intensity (W/cmZ) Air velocity (m/s) MC (% wb) Drying time (min) SEC (kJ/g water evap)

0.521 0.4 11.8+£0.5 551+159 69.93+20.50
0.521 0.7 15.5+2.7 512+119 94.23+31.99
0.521 1 18.0£2.4 486+122 77.79+14.15
0.625 0.4 19.2+0.4 27627 58.68+13.86
0.625 0.7 10.1+1.8 396+138 71.46124.58
0.625 1 14.7£3.6 505£79 90.87+14.68
0.729 0.4 10.5%£2.2 212448 51.39£11.73
0.729 0.7 12.7+2.0 194124 45.48+7.15

0.729 1 15.7£1.7 4641224 83.49+18.40

WUUIRBIVNATIAARAS NN ISAN
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aun1snaneslaiiiadu (Nonlinear  regression)  LN@MIATNIIINABFIBIULLIAIABINNATAAIAATNI1TELILTY
VY @ J o

Newton, Henderson and Pabis, Page Waz Modified Page NANNIIATIZRLE AT IUAT19N 4 TeT T ITuINuLuLAnaes
= o = X X o Y ¥ o aa A 2
Page HAdumnnzanlunisituanslasuulaspnuauasailean loauuiesns faddunsen inenziian R gegn
WiniLLULA1883 Modified Page TmsilAnaelugoe0.9606 — 0.9913 usiuuaasd Page HA1 Y AINT1 [a1aen
LULATARIAINAILNBUAAINGANTTNNTTNEINAINTUIBLHEAY leauuiedaefeABunsen JUN 6 uansAd N
A0AARRIIREAINdIUANNTUR IAAN NN TAReIuaTN U e TABLLILAIaR Page TAIMEIRNTA 0.4 m/s T4
z L2 U o Aj -dl v o ] 73 1 o o val
T inddnsdauanaunldaannisinuianszataegsay o WuRTe wanvduuuAIaeaINITanIule iR
ADAARBINLNNUASE YRS Sharma et al. (2005) ANEWLINLLLIANA8Y Page WNzaniLnfsauiausia lunjiuudumn
6+0.1 . ARETIRBUNIUIA UATANUAITEYR4 Lin et al. (2005) NoLLAIETUNATUFEIUUA 10, 17.5 WAT 25 NN, UL
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Eenudagauiufadaunsiisn dau Jain and Pathare (2004) WUINLLLAA84 Asymptotic %38 Logarithmic (MR = a,

+aexp (k) wnzaundndeauuianansialuniundumn 620.01 wu. frefidaunmeasuniuanFau Tuanied
Togrul (2006) AnEIWLINLULANABS Midilli et al. (MR=a.exp(-kt")+b.1) WNIZANTUNNTALULATENTUT UM 1 — 2 N
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IR intensity Air velocity . , .
Model name ) constants; k in min R Chi-square RMSE
(Wem”) (m/s)
Newton 0.521 0.4 k=0.0054 0.9712 0.0265 0.0132
0.7 k=0.0055 0.7446 0.0472 0.0235
1.0 k=0.0049 0.8640 0.0476 0.0237
0.625 0.4 k=0.0111 0.8905 0.0651 0.0324
0.7 k=0.0030 0.9889 0.0019 0.0010
1.0 k=0.0105 0.7343 0.0866 0.0432
0.729 0.4 k=0.0127 0.9497 0.0364 0.0181
0.7 k=0.0116 0.9397 0.0581 0.0289
1.0 k=0.0120 0.8310 0.0663 0.0331
Henderson & Pabis 0.521 0.4 k=0.0054, a=1.3871 0.9712 0.0090 0.0045
0.7 k=0.0055, a=1.4538 0.7446 0.0193 0.0096
1.0 k=0.0049, a=1.6572 0.8640 0.0181 0.0090
0.625 0.4 k=0.0111, a=1.8458 0.8905 0.0452 0.0224
0.7 k=0.0030, a=1.0581 0.9889 0.0000 0.0000
1.0 k=0.0105, a=3.1986 0.7343 0.2552 0.1272
0.729 0.4 k=0.0127, a=1.4801 0.9479 0.0133 0.0066
0.7 k=0.0116, a=1.7465 0.9397 0.0330 0.0164
1.0 k=0.0120, a=1.9165 0.8310 0.0515 0.0256
Page 0.521 0.4 k=0.0001, N=1.7197 0.9911 0.0002 0.0001
0.7 k=0.0001, N=1.7517 0.9842 0.0016 0.0008
1.0 k=0.0000, N=1.7379 0.9847 0.0007 0.0004
0.625 0.4 k=0.0000, N=1.9863 0.9913 0.0003 0.0002
0.7 k=0.0002, N=1.4407 0.9606 0.0022 0.0011
1.0 k=0.0000, N=1.9129 0.9824 0.0006 0.0003
0.729 0.4 k=0.0000, N=2.0513 0.9677 0.0014 0.0007
0.7 k=0.0000, N=2.1061 0.9865 0.0002 0.0001
1.0 k=0.0000, N=2.0212 0.9823 0.0004 0.0002
Modified Page 0.521 0.4 k=0.0037, N=1.7500 0.9911 0.0002 0.0001
0.7 k=0.0036, N=1.7500 0.9842 0.0017 0.0008
1.0 k=0.0029, N=1.7500 0.9847 0.0008 0.0004
0.625 0.4 k=0.0057, N=1.7500 0.9913 0.0010 0.0005
0.7 k=0.0032, N=1.7500 0.9606 0.0068 0.0034
1.0 k=0.0041, N=1.7500 0.9847 0.0007 0.0003
0.729 0.4 k=0.0077, N=1.7500 0.9677 0.0021 0.0010
0.7 k=0.0061, N=1.7500 0.9865 0.0018 0.0009
1.0 k=0.0060, N=1.7500 0.9823 0.0006 0.0003
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IR Intensity (W/CmZ) Air velocity (m/s) L* a* b* AE Hue angle ay

0.251 0.4 30544135 %0 7.1042.65°  18.89+3.74 °  30.68+3.20 °  20.13+3.20 °° 0.465+0.065 °
0.251 0.7 31.18+1.69 ' 4.10+0.87 °  14.44+1.93°™ 3434+321°° 1575¢+141 *° 0.496+0.056 °
0.251 1 34.25+0.95°  3.45+2.33°  14.03+3.590 °° 33.97+3.31°  12.65:6.29 °  0.543+0.045 "
0.625 0.4 31.93+066 ' 5514255 ° 1613273 ° 37574361 18.47+6.65 0.509+0.068 °
0.625 0.7 33544148 % 4.34+123° 15694092 36.23+0.85 " 15.38+3.71 °° 0.465+0.040 °
0.625 1 34744155°  3.19+155° 14.89+1.13 " 36.89+2.28 ° 11814462 ° 0.494+0.059 °
0.729 0.4 25204221 °  7.05+1.31°  0.83:3.10 ° 27.42¢3.68°  36.26¢3.50 °  0.444+0.110 °
0.729 07 20044245 % 6324296 ° 13264222 ° 32304283 ° 253141190 ° 0.473+0.011°
0.729 1 32154096 °°  5.0241.41° 15264197 35774193 %" 18.01+2.86 °° 0.456+0.059 °
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