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Thesis Title Effect of Drying Strategies on Drying Kinetics and Qualities of Pandanus
Leaf

Author Miss Anusara Nadee
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The objective of this research is to study the effect of drying strategies method
and condition drying of pandanus leaf under combined heat sources on the drying kinetics,
physical and chemical quality and specific energy consumption.

The drying kinetics of pandanus leaf under hot air (HA) infrared radiation (IR)
microwave (MW) combined hot air and infrared (HA+IR) combined solar and hot air (Solar+HA)
and combined microwave hot air (MW-+HA) and infrared radiation (MW+IR). For the combined
microwave to study the effects of two-stage drying. Drying temperature for all drying strategies
was in range between 45 and 650C, an air flow rate of 1.1 m/s and infrared power of 500, 1,000
and 1,500 W. Fresh cut pandanus leaf samples with initial moisture content ranging of 400-600%
dry-basis were tray dried until the desired final moisture content reached to 8-12% dry-basis,
depending on drying condition. The experimental result showed that the drying rate of HA+IR
was relatively high compared to IR and Solar+HA techniques, respectively. The experimental
data was mathematical simulated using conventional empirical drying models. The results showed
that the simulated results using the Logarithmic model had a good relation to the experimental
data. However, the specific energy consumption (SEC) for pandanus leaf drying with IR source
was less than other drying techniques and SEC inversely related to drying temperature.

For qualities analysis of dried pandanus leaf in terms of colorness, shrinkage and
rehydration, the result showed that the difference of greenness (negative value of redness) and
overall color difference decreased when drying temperature increased. For shrinkage evaluation,
percentage of shrinkage of dried pandanus leaf relatively depended on drying temperature whilst
percentage of rehydration was not dependent on temperature. For chemical analysis of the
aromatic natural raw substance such as ketone, ester and ether for all products. The results stated
that most of aromatic substance still be maintained in dried pandanus leaf. For sensory evaluation

in drinking tea taste, the results showed that for all pandanus leaf drying conditions provided taste

()



insignificantly. Finally, the overall acceptability of drinking pandanus leaf tea were not

significantly different (p > 0.05).
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msiszneu

% of total

2-methyl-3-buten-2-one
Toluene

3-hexanone

2-hexanone
3-methyl-3-pentanol
Ethylbenzene
1,2-dimethylbenzene
3-penten-2-ol

3-hexanol
4-methyl-2-pentanol
1-methylcyclopentanol
3-methyl-2-pentanol
(E)-2-penten-1-ol

Hexyl formate
(Z)-4-hexen-1-ol

Acetic acid
2,5-hexanedione
3-methyl-2(5H)-furanone
Methyl-2-hydroxylbenzoate
Hexanoic acid

(E)-3-hexanoic acid

3-hexenoic acid

0.44
0.16
2.97
2.65
0.41
0.11
0.13
0.94
7.09
6.13
1.00
0.15
0.21
0.21
0.13
0.44
0.14

73.07
0.18
0.75
0.85
0.19

o 4

2.1.1.3 masguraanuaiauyuTueonds (uwe. 735/2548)

@ Ay
AUANHUSNADINTG
1

a9 AaAa a Y
2 ﬁ@]ﬂ\?iJ’d‘ﬂﬂ@1%ﬁi§u“ﬁ1@mﬂﬂiﬂmmlﬁﬁ

v Y
nuaziia il deutlugunsons uie lusudududou




[l
=1

A Y = A d'd a Y A d‘
3) nausa Aeslnausanamusssumavedlumente Usnannnausadun
] 4
Talszaan
v S a AN YY Ao Aa A
4) myanadsinfen vouralInladealdnyaznaausssumaveslume
Y
19
5) duanlasy dealunudwilaniasunlulsdlszaeunls wu du
a Lg’ 1 A a v J
I AU N30 N5IR Fudmseaslfnanndad
Y Y
6) ANUTY doaluinusesas 7 Tasriimiin
A A 9 1 A A
7) M3ded doalununisdedla
a =04
8) |UNIY
a o v

o ~ 1 a 4 A v 1 [
“MUIUIAUNTYNIMUA G]’EN\lllLﬂu 1x 10" ITnTaluaod10819 1 NSU

9 9 1 a1 @ 1 [
-31A091BEN1 10 1A lailaeA10819 1 N5
4 4
2.1.2 1n393aNUszIANY

4 4 o o J 1 <
insesaudszinnanluiligiui uisesn 1Al 2 sz dszanusn Ao an
Ay ¥ Y 4 . . . A A A a Ao
n1Annduanaieiusg Camellia Sinensis Uszinniaosfio mnniivayu Insvarewiia Miun

'
@

A Y Y o [ Ao a [
fnsoouurwdninnweludnsazvos MinSeniun °1$1aagu"lwa'

2.1.2.1 ¥1 (5135354, 2537)

]
=

A a 4 . I A A Yo a
¥ ($0INPNAAT : Camellia sinensis Linn.) 11111a3 03017 lasuaNulew

=

< 1 [~ A A 4 s o w 1 Y 1 a
Wuedramnuazduiluniosdanniivlse Teminnne siidmlsznoudian 3 dau laun win
=3 . a . 1 d‘ Y A . . .
AUFUNY (methylxanthines) UNUUU (tea tannins) LA Wwnlinauvew (aromatic principles)
s : a ] o
Tuaeaailsznondie waglaa Twesuas Tsdu FellSunavowdsswiuld 25% Tae
v v
YTesuasiiansnazanerild ouldun unuily awldy TUsAu /Y (gummy matter) 1o
Y
1186199 azaeeg
= @ 1 A . IS
FINUsANKan ) 0d 4 U321AN A0 1Y (white tea), FUVHY (green tea), 319
o a Y Y Yy A o Aad .
129 (oolong tea), AZ¥IAT (black tea) a1MTONAA IANAAUNANRSINUNTF0 I Camellia

sinensis HAK1UNTIVITUANATURON T
2.1.2.1.1 ¥1917 (White tea)

v A <3 A A v A <3 =
"IﬂsllTJUlﬂinﬂﬂﬁLﬁﬂﬂLﬂ”]JEJﬂﬂ“HTﬂ@FJ“L!?JTﬂ D YIUVULaN 9 ’d"UTJ"]Jﬂ

A == o ] 3} L= Y o Y Y
AQUUHIDAY lugvzasanimrivoulumaanazigun mmwm"l@umu% udam1vua



g’ A =\ =K A A U A o Y A [y = 1 = < A
“LJTVI"INinﬂ"IﬂsU13%$3J5lﬁﬂiﬁlﬁa®\1®E]‘L! maﬂymzslﬂammﬂumwm Gluzmazﬂ%zmummaaﬂ

A o

A
°1$1L1Neummamfwn"lﬁ}slumﬁmmffu
=
2.1.2.1.2 ¥ U872 (Green tea)

~ I~ d‘ T % a = o o
yuvenurn ludunszuiumsviin manaas e i1 Taswirlumn
S A o o o P L 2y e o q Y Y 1
wev leriuiedudimsinuvesoulad nanmiuh lndsdregnnasazilduiseds
< Y an o 1 2 o Y [ as A A Al Y 3
39A157 A2835MTAINA1IIN 191 1UH8IA TV 87 9INNTLUIUNITHAANNBIALY DITUAD U
o Y 2 [ = A d'd o A [ 1 a d' 2 =~
Mmldyuderdanatians luisnidsglemivaunaseginnnnawsiady o luyuiersziians

Y a [} [ = 1 aa o Y Y
ﬁTu@HHﬂ@ﬁig ﬂf?ﬂﬂ@ﬂﬂui@ﬂlﬁﬂ')ﬂu ANIANALASLHEINTTU
2.1.2.1.3 ¥19%a4 (Oolong tea)

MINAAIPHAL HIUNTZUIUNITHAARIBNTHITNUAINEIAT TS Ao

32H2IIMINTNUIUNNBUTYD Jeildsanauazassnguegsznimd ez yuie)
a 2 o 09 Y Y a v s 2 & o b4

nszUIUMINanIgHal uM lumu i lviuraan Tasleramiadu e 41 1ud vdenniiy
= o Ly 2 a o 9 g A aa a !
v lindediegnnas n wagndndieszeznardu q sszaniazlFuaznauunndigm
= a9 9 a A A A 9 3 9 ' ' '
Wy samaNTuazinauey ANz Insarhauazvuaniios fune tAaINII0YILAN
ANuunazeIMINewn  lasszrisazats luiuuazyielumsdeseisuazaailszylu

flaane

2.1.2.1.4 %181 (Black tea)

E4

a o o Y ) o Y Y =y o d' 1
msnaawidr  ild Tasnsnihlurmilinie Tasmssainviao

e Y, A A o q U A ' a D) Ey o
el luysgusueonmem v lusuioiuazeouay  Taglsizeznamaay 16 219
o & = o A v v o 2y 2 a ' & = o ™ &
wawntiusnhlumniudwdnivunasdiegnnas vanagdn aenmindairlivdn

a

o @ 2 2 9 Y A Y a v A 9 9
UAINNITEUIUNITUUNLAITITULAND i]z”lﬂslwmmmqaum Iﬂﬂi]gslﬁﬁllﬁ$iﬁ°lf'lﬁ1/ll‘llﬂ‘lluﬂ'lﬂ

g‘ I g = g’
Wy rdudadursoniaiauag

2.1.2.2 1ayuIns (03N, 2545)

= A =l 1 A AqQ9Yd Y a o o a g

wayulng  vueds  Wwwsedruvesianlniuiagavudmsunamilum

= 1 A Y a Y 9 A o 2’ [ o

ayulns  Teoligajamnaiie 1ius Inadiemsduniersnui - Taemsvwauilumsana
Y 9 '

msdguesayuInsedisdie 9 dreanudoulugiaidu q swnsninaunazsaves
A 2 vy A dAa Y o P,

ayulwsyiadu q 1Ade nayulnsidundey 18un weendides 1aglad vlume

<3 a [ Y
AonNINNENE Y139 1T uAY



10

2.1.3 MypuunInESIdouNIUIA (A5 11, 2546)

2.1.3.1 Saaounlsusa

.

A .. <3 . ] A & A d
598 0uN3 139 (Infrared radiation) Wuaduutman Wi ailanilanianude

=N

521919 10'-10" Hz tazlinnueninauszrang Tusag 0.75-1000 um ANuenaulugag
[ 9 3 [ A
aunsousges ldillu 3 szdu fe
v Aa [l A 2 . .. ~ &
1) Se@ounsusarIenauay (Near infrared radiation, NIR) UAUYIIAAU
o o 1
Uszua 0.7-1.5 um inazilszgnd 19 I uaunenmanudon
2) Saa0uNTUTAFIIAAUAAY (Medium nfrared radiation, MIR) TRNEND
A o 20 9 o 0 aa ..
AauszIn 1.5-5.6 um Unzgna 155 UU1IIDYD 99590 Missile
v aa .4 _ o - A
3) s9aounsusAsI9AaUed (Far infrared radiation, FIR) UAMUYIIAQAU
zg 1 d‘ dy =~ [ 9 ] o 2K a Y o
dszanm 5.6 pm Yull Fraaduenieiindsnuanudouliinmin Jedenldlumsiiia
Y 1 d‘ d” [ Y Y % a =3 3’ o
gilhe 1wy onsthaesiess uazdiealtelsaanuaulana 9089013AWANENID

iludu

Gamma - Ray - X-Ray - Ultraviolet M Infrared - Microwave - Radio
109 0.2 04 0.
Wavelength (um)

Far Infrared

Near Infrared  Medium Infrared
75 15
Wavelength (um)

Wavelength (pm)

4 1 4 ] < [ a
an”lJizﬂﬂ‘]Jﬁ 2.3 LLﬁﬂ\?“lf'J\?ﬂ'J'lﬂJfJ'l'JﬂﬁuLmLﬂﬁ ﬂulV\'ﬂT’U’OQiiﬁﬂu%li'lLiﬂ

2.1.3.2 nalanmsurSaadunlsusa

1" Aa =1 vAa v A o o Y A g o =
LWN@N’V\I?H?@?JQQAG’?J‘U@]Gluﬂ'liﬂiziﬂﬂiiﬁ“ll‘lﬂ\?\ﬂu VI'IWN'WILIING]'JL‘]_IE]EJN
[ Y I v Aa ] A J v A 1 aa
’WﬁQQTuﬂ31Ni@uLﬂuiQﬁ@uV\li1ﬁﬂiuﬂf’Nﬂ')ﬁJﬂTJﬂau@lN DU UANUNUMUADYUNHUN
v A 1 o & ' v Yt ' ¥ Y o
N mmﬂumﬂmmmm’aﬂu!,ﬂunmmu ﬂ'lfJWlﬂ'J'llliﬂuulﬂﬂ LLWﬂ'ﬂiJi@uhlﬂﬁiﬂlﬁllﬂ

<3 0 [ ] & o o Yy = Y] A
LU NUMU UAgUIITNENY “ﬁ\i?ﬁﬂ%ggﬂﬂ']Gl’ﬁi’ﬂﬂl,‘liﬂﬂﬂ'ﬁlwﬁQﬁﬂ'l']llj@u AU



11

] <3 1A Y =X dal @ =3
awuiman lihonunduisusegunsamznzquindaioneluiag Tasvuiaanuin
d‘ 9 Y zg (Y vAa Y] d' d' 1 d‘ d‘
mnzdn 1) 1dezdvediuguantiavesiag  wazanwennauiudeen’ll  Tasfinau

' Y '
amiian ihmgnzquen il luiag alinssdqulmanaiameluiagilddu uag

a Y -ﬁg o Y a @ ' Ada 5 Y Y Y
INAAINUIDUUU ‘Vl'lsl,'ﬁ@ﬂlﬂﬂﬂﬂTﬂiu’Jﬁﬂﬁﬁﬂ?TQﬂlﬂ{]NﬂW'J UONINUUMT IHANUTOUAY

E] U a9

Y
v AaAa Y a A [ 1 9

iiﬁﬂu‘lﬂliniﬂfﬁﬁﬂﬂ@ilWiﬂllﬂ181u1u®’lﬁﬂﬂ§$mﬂﬂ@um1\1

E} U

2.1.3.3 13090 UMM ad urlsusa

d‘ Yy Y v A = [ A 9 1 9 d‘ a v A
1NTRI0VLNINIYTITOUNTUTANNANNIT AD IFUHAIANINS DUNNAIINT T

a [ a 1 Y v AAa zg LY
aulsusa Taganvazimnizuazlsnamsurianuiouve s d@aunssasziuedny
gungivosrasduiassdounsusa nazlunsurianudouludeserdodinais (au

9 w [

p1017) tniloumsmianuiou auiandwyvesssd@dunsusa e aAnuamisolunmisnzg

4 1 £
= [ A o

Nza1veITIdo uNT1Ia nuIvzTufuaNveIInaunlyd d1A1ve1IAauTIT Y
I é’ o w d' 9 v o
anuamnsalunsnzgnzansiaguinduauday Tasuasannsonznzqn ldluiag s
Y a Yy = o=y o o o 9 Y =~ a a )
Imaannusauandsauluvediagiuilnnszuiumsevunaldszdninings vo
Y (A a =& D] ' ] v Aa A
TanlSeudnilsemaviavesmsldurasanusouainsedsumsusa Ao szeznarluns
. Y o a 9 I ~ = | 9 " o a
ADUAUO (response time) TUNT IHAUHAANNT oW 1T UNNTIWAUAIN DuHAIR UHAA Y
9 a 2 ° vq ¥ A £ A ° ] ' P & a
Jouvvualnguu sgmldlyszezannuuinyulunmisnogilviunasanuiouiug
a R d' o Y ] 1 o a v Aa v A Yy 9 o
gungdnandimuall uaunasduiased@sunsusainionldiduleiadian (ungsten
1 Y v
filament) F9T1HITAIV DLEUTDLUNI WAINUDIDT 80% VoIndInunanua Iaaldszezina
~ A A A Yqu 1 o A P A o 4 v
e 1/1,000 Y99IUIN HT001 IFUHAIN UHAANINT O UNNIVINHADANIONG (quartz tube) 1%
= a = o Y = % [ 2,’ A o Y
nanied 75 317 Tunsilivaoalwaaay 80% UBIWAIIUNINLA HIBa W15 14
A A o A Ay YA ] a ay ¥
gargiinelumeunazguugivesiagaundesnisenldiinnudounazligungl ldaiy
9 9 =1 1Aa s 2,’ o Y Y ;’f £ I
foams Tagl¥szeznaniieslundnnmniy mliszeznarlumsouuiesduasiaazilums
o o 1 = 5 [ 1 Y a A 2 g
Usgndanasnuediann dnndsnnanmuaznaa1vesayu Ins lauauunigaguiy

Nﬁﬁﬂlﬁ@\nﬂﬁﬂﬂﬂﬁﬁﬂl?ﬁWiHﬂ?iﬂUllﬁQ

2.1.4 msouuraagnan lasnul (', 2547)
2.1.4.1 paululas

4 . I 4 ] I . 1
aau luTasim (microwave) Auaduuiman i (electromagnetic wave) ny

A 1 1 =2 A v A o 1 A
ANudaglugIe 300 MHz B4 300 GHz adwn luTasnvdadidnyazay 3 dszms fe



12

% . 4 d o v d
1. M3agNnoundy (reflection) adulyIasiiie llnsenusuauznigly
Tang wielidwnauveslane aduluTasl luaunsonzaiunisuzanan |l wwagiou
o o 3 ~ 1 A g <3 [
naunua aaiuesnlalunmsugmiluTanz iz bign
[ R A ' Ao Y
2. MsAwHI (transmission) aauluTasnaunsonzgriunyuzniale
Y 9 a a 9 [ 1 = =B~
ufn asza 13 widnuazwaraanld mazavuzaanan lutidumanveslane Juily
mruznlylaaluaieylulasmm
3. M3QATY (absorption) Un@Ae11i13 Tagia 9 1 szilszneudleTuanaves
g’ & =< A o Y 9 1 <3 = o & A
i luemsdazgaduaaululasnd hildemssousdisiass wazdmisniiaio Tuana

g‘ =2 A Y o v A ]
youhgaguaau lulasudrnzaaredr luiui iazauluoms

2.1.4.2 iapmsmanvva e lulas

= sa < a d J = 9
Lm'laﬂﬂitawuqﬂﬂimmaﬂmauﬂﬁ 159071 UUNHATOY (magnetron) 1%
S o A A & A A o = A
dnsunanaaululasni adululasnindneenniinud 2,450 MHz lagaau
dy Y a 7 Y F4 ' !
VlﬂJIﬂil?ﬂuﬂzmﬂ’q’@1ﬁ1iiﬂﬂ‘l/]ﬂ‘ﬂﬁ‘l/]ﬂ‘ﬂNTﬂEJiE]‘]JleE]Qwuim1ﬂ1u1uua’§uwﬂ5$iﬂEJll‘]Jf”f
A A d' o q ¥ S a o A
REN(NP] maﬂaummaqa"lﬂmzwuamﬁﬁlz‘ﬂﬂﬂmaQammuﬂummsmﬂmi’duazmau
A ' a v ¢ w o g
uawuimaqa@u 9 mhlﬂi]ummﬂuwmﬂmauua?.:waNmi}auumwzﬂmﬂﬁmmﬂu
@ Y =KX o Y 1 < @ [} = o A YA @
NWANTU ﬂ’ﬂlli@ui]fl‘l/lﬂﬂ@ﬂ’iﬁi‘]:ﬂﬂfﬂiiﬂlmiﬁ ﬂﬂ‘]&ltll&“]ﬂilﬂﬂ’)ﬂﬂﬂ?iﬂliﬂ"lﬂﬂ@iq‘ljﬂullﬂll'l
< v v & o A wa 1 A Ao q 9 1 3
139 9 WIANTDUVUNINUN inﬂﬂm’dﬂﬂmﬂuﬂlﬂiﬂa“L!llllTﬂ51’31/\]1/1‘1/11114@11415?@E]EJN?’MLE’J
=®K I [ 1 Y Y | aa A (Bl 1 9 £ Qy 1
i]\’l!,lluﬂﬁiﬂ‘hﬂﬂmﬂﬁlﬂﬁﬁﬂﬁﬁul’JE]EJNﬂTUfI’J‘LJﬂ’JTJ‘ﬁE)ullll’ﬂi]‘éﬂ,ﬂuﬂﬁﬂ;\i AN BY N 1]\1 AN
' v
noa uazpuauiameun ldsumnnimsdszneueimsdleitauauratodizns 019

AnuazaINIs1 Usenda Uasase naz 15vihadu 'l

mwsznoud 2.4 101 1y Tasw



13

Y dﬁl 1 Y
msdsznevernsdioa luTasniil uanaennmsdszneueImis dremn
A Y o 9 (24 A Y
pUTIIUA1 AD 1o Us TN TEwas AN ouTaead lduuua evunanionnusou
nnvaaia Iihdsazildemsgn laomsniemany fou Aensui mawwazn1sunsad
[ ' ' Y
uaa luTasnwildemsgniaeaau Tulasnd dlanudge shldTuanavewirluems
a & & A : a g o ¢ o ¢
namsduazmounaz suluanadu q ae lvudailundsusmivazndsnusaniiiosns
<3| 1% v =2 o v ' < 3 ' 9
nate anuilundsnuanuiou W ldemmsgnednsiaiwaziiininliznen e1msdoe

& (=t [ 9
TSUVDU 9 Iﬂﬂllﬂlﬁﬂwa\?\11Uﬂ’J1lliﬁ]u

1-.! _‘.;i;;‘_ :.‘ i |
e L
(n) (v)

mwilsznaud 2.5 mslianudeunuusssua () wazms anudeuuu luTasw (v)

% d o a J
2.1.5 STUUNAINHUTI NN (F8IN, 2525)

(1) uaauaaluaszinea lne
ua.vl A ] Yy 9 A Y
Uszima Ineavogisznnaududsvuiy 5-22 oeaunile uazidung 96-106
@ I a A Yo @ a
parazTueon Wuusnun lasutawaansaunis miialsuauaan Tasasalulszima
v Y '
TneFuanuunds Taemsndanuurasa 1asadua3o iU nUAILAAAINAIUAIE 9 VB3

la o a4 A ¢ a y a  od g : '
UszmAnazinsosnaaasegnoinsiand uniinerdsaavauasunsniduganialuae

9

17 A A =} § a % 1
Msia nazusunudeyaliodguieu 2522 RH.B. Exell an1twma luladuvaeifeld

U

[ ~

9
= 9 a a Ay Y o ! ! Y
Anpdoyaniggenine 1 1dsunnaniiinsiniaeiniaaiuainaie g vesllszina udo
o 1 a v A Y a 4 1
Auammlsased laglanoununeswun
a uazl { o 2 - a Id
D) USauauaananuamasnlsuna 16.7x10° 7 m°d' wisaaily
AT =700 Wm”
Yo (=1 [ a [ Y=t v A [
2) udigaliimsdalsuusidlasasaazsadnszaelaense uaanng
o = A [ =] 9 1o
Ay Sadnsenamasas Jullmgagaluggiounazaiilugg
o Y Y zé s d‘ = o o
nurmlsama snuluvanmiala Samasnaaeall awadifglu

o v A A= a v a Jd
MsAunlsvesIdnszneaeune Msiasuszauve I IMAd M3



14

a a ra o J 1 A dﬁld' " o A
uJaEJuuﬂmgummﬁ"luwaumuﬂmmma&m nuduna fe lag

4

a4 oo A A& v o o
RNAYINANISYISUAIATIV UIUDITITUAIULLAATNNHUA

(2) MIIAANUTUUALWAINUUA WA

]
I A 1

% v v A o’/} d' a dy E2
llﬂfl]?.i’Jﬂiﬁﬁllﬁﬂuﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂi‘éﬁ‘l/l‘]JW?WU§1UTﬂ81%Qﬂﬂimﬂliﬂﬂ’J

a 4 ] o 1 dy A 1 v v A Y sA
Tws1Tudimes (pyranometer) HHUIENFINUADNUNADLIAT drumsiasidasaldginsain

a

= ' as A % . a S v o = o q ¥ '
138NN "lwgaaiammi (pyrhellometer) ”lwaﬂuwmmmﬁ&maﬂmimmwﬂwqmwmazmn

U

Aa o v A 1 [ o Jd o Y a a a A s’zé
AIATNUAIVTIANNU Ll’dglfﬂ@51111Wﬁ1/1111’i!ﬂ9‘|ﬂ5$uﬁl17\|ﬁ1ﬂiu1m§13uaaI’Jaﬁ“]ﬂfﬂlﬂii]

v < o d
Ysunasguiluiadaenisauasla

a A v ~
2.1.6 fni‘IJ33!311!'61315501—!3ﬂlﬂﬂ!ﬂi'ﬂ\‘iﬂﬂ!!‘ﬂ\‘i (AT, 2546)

o = o Ao A '
AU (energy) TU8D ﬂammmmclumsvmmmammimuvhagslu

[l
@

£ A 9 A 1 A aA 2 o 3 o
mammmmgﬂaﬂugﬂﬂ 1’75661%15&ﬂﬁTJllﬂ’JquslﬂT]iJW’d\i\ﬂu INUUIITTINITINIIY

a

@

@ 1 1 ] @ @ (Y- @
]1@91/1/\! HIUVBIIANAN €] maﬁzﬁmgiuwmagﬂuuu (FU WAWIUNA WAINUANY WAITU

Ed 1
va1] anwdou waa Tuih i@ ifudundsan i szifavuiielinszua Wi lvarudni
4 [l 1 ' 4
1o 9 veanu vasiiuilszy i uniasde uiidudniniu q lldlunszua

v '
v = [ 1A

dotiles mafdszy inundouiilunszuadeiiio i) 1diurzdeslindsnunnunasd

1 4 [ Y
= U

1 { | o 4 y [ a o
wu nuames lau Ty dudu shlddszy Mdueaeunly ndsnuninadunnuwasduiiu
o1zl undsnuail wdsnuna nasnuanudou nsondsnuuas Fawdwauraes il

@ 3 I [ [ Y { I [ [ $
wasaiudues ls wasnumartvzulsnasuanin lidlundaanu i wasam T
g A d' 4! ] Lé = :é A 1 v J
duldeslumsiadoullsegnilaniielszgninganiialdsdnganilsnonuaredndnis

Y ' k4 [
TWihsznhgaisaeniues daiuanuatadndnieliihSanunedarvesndea TWin

g A A = ] 1 1 1 1 v 1
auldedlumsindeuniamitelszy szrinegagla 9 wu anuandnd liihsznitgag
= 1w 4 . J A 4 J |qaj
ANy v 19ad Qa/gasuil) vuieanud lumsinaenilszy 1 gasuil seninagagiu

1 v Y k2 k4
doaldndanulii v ga daldszylufuadouiiszniegaiuionun Q gasutl duiu

o 3 { g 1 a ad
wasau Iihisnuandesduildes e Qv 9a 15w nszua IihiRamzddnaseu

U

[ £
IS = v

[~ @ 4 { 4 4 g @ @
Wudmlsepaaoun lgalumandeuniidesdimndondsaiull wdsaunde 1o
= [ Y (2 A [
pvzde i luglvewmdsnuanudoundsaunainiondwnuna
2 [
Fanundsnudnuliedlumsveuunzyasen lansuveuinszime

3.6E,

(M, -Mp) x W, @D

Specific Energy Consumption, SEC =



15

=
=)
t
)N

o USuamdsnunly, kw-h

Y '
8 ANNTWTNAUVDITES, decimal

[mo)) =)

Y
8 ANNFUGAMNVDITAY, decimal

<
=)

g‘ o Y
2 UIMUNUNY, kg

o Aa v Y a v d Y
2.1.7 ‘ﬂ‘i]ﬂﬂﬂNWﬂﬂﬂﬂmﬂ1W!!ﬁ$ﬂ1falﬂ1§!ﬂﬂ5ﬂ‘H1Nﬂﬂﬂﬂ!°’ﬂ'€ﬂﬁ1§!!‘ﬁQ

= 1

o A S o a o J ]
ﬂﬁ]ﬁ]ﬂﬁﬂﬁlﬂﬁ@ﬂmﬂ1WLlﬁ$E]1Qﬂ']5lﬂ‘]Jiﬂ‘H'lWﬁ@]ﬂmm@1ﬁ1§tlﬁﬂﬁ1u’]5ﬂuﬂﬂ

E4

< " v w .
pon 181y 11 adeaail Ao (Raksakulthai, 1997)
1 [ a o a Y s ) [ a §
(1) drudszneumaniivesingay Taem lundadmuainimininiagaund

7 S o o '
UlsUjJUﬁi’TIQﬂ'ﬁlﬂ‘UiﬂH']ﬁUﬂ'ﬂ

a Y o

) pumuneiagdyu desnmsaunimuesingaunalunisnaaie 14914

Q

Y E4 E4
a A 4 aaa @ ]

dy < aa
3) PsmnuanursuLazIsmesHeNAIf (A,) ANUFULAY A 1TuAYHF1IN0IY

1
4
=

3 o a o JAA A dﬁl o = S o
mimmﬂmwammmmﬂm1mﬂ31u%uua$ AW A1 ITNBYNTNVINYIGIUIUVU

'
o Jaa

a a a 3 o J
@) Ysmnaunde waaduaniilsnandegeanansamusne ldeauunh
dy a Ad a o P dy a A J =}
(5) msduilouvesgaunid naanumnimsuiouvesgaunidq axiieny
3 o d0
MIAUSNEINTUNN
(6) mAUAN 1% 1UNTZVIUNT pretreatment TARAT 1FU NITAIN N1TAV W3 D11
o q ¥ e a Aadoe Y gy A ]
s limsduilonvyesgaunidnias nszuIUMIoVUHINHIATOIO UUHINUMITAINUAA
AINsnaAUIUYAUNIG1d

a a { |
(7) nawazgamgi lumseunds nawazgurgil lumseuursimuzau iy

A
=Sh.
B

NNADNINIT

a aaa a @ @ a @ J a aaa
@®) mstnnlgasereendiatuvedludulundadsual nisinal§ase

4
=1

a 9 @ a Y 1 3 A |a dy o
’E]?Jﬂ“]ﬂ,ﬂslfumENll‘UiJu’dﬁﬂiﬂLﬂﬂ"U“L!hlﬂﬂEJN?J’JNE’J‘VIIIE&HEM?I’JHJ“H‘LWH

a o 4 1
(9) NMITTUNIUVDILLNA Na@mmmuﬁlammmgﬂmmuiﬂmmm YU UA

a A <3 <3| 9 Y a o J ' dy 3 o A ]
Llﬂaﬁsﬁu@ﬂﬂllmﬁ Ll]“l«!@]“l«! mwammmmamgmﬂmﬂyﬂu%”lumm::ﬁm
o Aqu = A 2 o a o Y
(10) 'Jﬁ@]]ﬂslﬂfﬂiﬁ‘] N13VIIY lfﬁlﬂ$ﬁllﬁ11ﬂ§ﬂﬂﬂ@1Qﬂ1§LﬂUiﬂE1Wﬁ@ﬂm"Vﬂﬂ
S o [~} o

A @ { Ao 3 o
(11) QU UMAVTNHA ﬂmﬂmﬂmﬁqmwgmmﬂﬁ’mmmmmnyﬂﬁ

U

&£
1IUTHIU



16

2.1.8 ANBIARSIBNAIN (water Activity : A,) (555, 2547)

Y

Y g’ ] 1 1 A & o A =< Y 1

Tueisazilsznoudiniteg 2 @i dawdviadnimennsgald Gonn

X A ad o o 1 it v (119/- v a A oa

bound moisture content 3auUN3 sz iniadl T 1415 Tomi ldnoud19e1n 8 ndunilsfon

a A 7 ~ g‘ ! dyl g‘ A g t4 .
paszNedIoy 9 eodnlszneuvesasermsFemia N sz Tend (available

a

A s aad g P P { 9 s A a A FY
water) 13020105 1BNAIR Jaunsdesovinhadui lU1d)se Temimenmsnsaanlala

E4

zé 1 4 Qady o Y v A
“]5\1?]']'3@1@@5Llﬂﬂﬁ?@ﬁ1u159ﬂ1u3m1ﬂ AU

ERH
R (2.2)
p, 100
o A, Ao water activity, decimal
A @ 3’ Sy
p 19 ﬂ'J'lllﬂuulE]ﬂJ@Qu'lﬂJ@\il'ﬁﬂﬁslu@11’i'li‘ﬂ§]@\1ﬂ1iﬂi1ﬂ
v o
P, Ao anuaulevenihsgninguvgiifeiu

{ o o o4
ERH fio anubuduinsnynausga (equilibrium relative humidity)

[ % 4 1 a g 1 4 an Y
AMFUAAIANVFURUT T2 NIUT U NUFY  tazaA1omes LBNAIABD NN
I~ = 1 o [ dy . . . 9 =
Lﬂuﬂiﬁ/\hi&lﬂ’n ﬂiWHE]I%L‘ﬁ@iﬂmiﬂﬂ%m‘]’nm%u (moisture sorption isoterm) 0191115
A & - L ) - & o
ANUFUNBHITYANNUFUIINGINANTEN adsorption isotherm H1DINITUANUFUIN VL YT Y
dy 1 ) . . g‘ d‘d 1 4 QQd’l Y 1 g‘ a QJ
ANMUFULNDINAIF N desorption isotherm 111NTiAOIMOS LONAIAZ A lAun LTS LAy
d‘ A 1 g‘ o Y 4 QQd’l d‘
weNzmslueglnihnzilvanewesuenaialuonisanas muillszneun 2.6 uaaa
[ v J 1 1 4 aa 3 a kg o
ANUAURUTIZHINAMBINDS HOAAIA UM tazdSunaanudsulue1msimine s
o d‘ o 1 4 1 1 4 quy
aanill waznmilsznoun 2.7 uaaInNUFUWUT IEHINANBIADS HONAIA IUDIMTIAY

a Ay A~ d’l ° £ Y 3 K g’ a I
5inannusu luemsdsianuyudl seezuaadlmaunaiiluusna 1 veansazilu

[l
1 =

~ Y ' = A 9 A [l A I
dauiigninizined PBedrumiunniimanaou luniosiige Tueunsanlasuanuzily
S o’ H & P 2 A \ Y.
e 1dn -40°c Wi luluTwawes dannhluvine 1 vewnswladrulvg liawnse

H I~ 3’ < H 1A 1% < o a o a I 3’
mlasuaauziniwd a187 -40°C uaosmtuveandadl mldnaany sz waraaniuii
Y v v

v A J g’ a A g’ o a an Y VY A
Glumﬁmm@mazuﬂmmwwami UINNY 2 UTNIUUNUDINIIDIAS 5 VOIDIHITHAANY

{ & J a { { < < o {0 o
anuduganall dhluusnan m ansodenanuziiuvewdals dmihmiudi

9 o Y a Aad Aa a 9)0/31 4 quyzsduwd'dy @ Aa
azaw lauazilmaunidnsaydulald aniuanemesuenalnruiuiliiensszduiSuna
Y

o 4.; § VA a a a o z [ [ o
Wi gantegiton s Ay Tnueagaunso UDNINUUIILNANTLNUADNTNINUVD



17

< 4 a a & A = A Y
Lau'lclmuammmuslummi “]NL“]_Iuﬁ“ﬂﬂ“ﬂ'ﬁ]\?ﬂ'ﬁlﬂaﬂuuﬂﬁﬂﬁ e Lmzﬂﬁuﬂ]ﬂﬂﬂﬂ’i'li‘lﬂﬂﬂ'l\?

0.1

FALIU
0
5B 1
[a]
3 ol i
£
oy
b, )
) B2 04 06 08 I
d' [ Y4 1 dy 1 aaa g’
ﬂTW‘]Ji:’;ﬂi‘T]JT] 2.6 ﬂ')’liJﬁiJWU'ﬁigﬂ'J'Nﬂ'ﬂiJﬁlfuGl,u’ﬂﬂ’nillﬂgﬂ’lll@ﬂﬂ'J@lellf]\iu'lcluﬂ'lﬂ'ﬁ
'l
Z Wz
o] [ 1
5 ] =~
£ ke l 2
[+] 1
E o4 —--I—P-§-——[} 1 111~
[ A i E?z
= | ﬁ
E o3 i ?
5 Z
I
P Z
2, 02 ?‘
. %
o 7z
(]
.-::
(o] 7z
g

R, RO

Ve’ Y |

T
0 010203040506 070809 1.0

P'Po

o

n:' v W 4 1 1 aaa 3’ a dﬁl
an‘]JiSﬂﬂ‘]JTl 2.7 ANNFUNUTIZHINAWenAIAve i luesuazUsuaanusulu

P 43
DIHITNUANUTUN



18

219%

a = a £ Y g v o o A
ﬁllﬁﬂ\?ﬂ\?ﬂﬂlﬂ’lwmﬂQﬂTWTiLlagwa@W'ﬁﬂ'mﬂ'ﬁmH9’]5 “ﬁ\ilﬂ”ﬂ%ﬂﬂﬁ’]ﬂﬂl‘ﬂ

o

agy a

1 1 [ 9y A ddd‘Q 1 1 1 [
’L‘NWﬁﬁﬂﬂﬂm'lWﬂ1ifJﬂiJiiﬂJ@miJiIﬂﬂ 'ﬁ'lﬂllﬁ‘l/lWﬂﬂﬂ@Wﬂiiﬂﬂﬁﬁuiﬂﬂﬁ1ﬂlfli~lﬂﬂlli‘]JLLﬁg

Do &

v W

o = 1 Yy A ' a A 3 v A =
mfuvlwmumaﬂmmwmuaum"lﬂ IBU NAU THABIN UAaSIUDTUNT Lﬂumu ﬂmﬂaﬂuuﬂm’d
a [ 4 1 a -4 3’ a o [
"UE]Qwaﬁﬂm“ﬂig‘lﬂNﬂﬁﬂULLﬁ}QLﬂﬂﬁul{lﬁ)mﬂmiizmEJ"UEN‘LHE]E]ﬂMﬂW’J’Jﬁﬂi%W’JNmi
Y = = A a aaa J ' . .
DU i?llaﬁmi!,ﬂmmuﬂaﬁmﬂﬁﬁnﬂﬂﬁmﬂﬂaﬂiﬂmn 9 %Y Enzymatic browning non-
. . . . . 4 A = 1
enzymatic browning (l0¢ Caramelization reactions Tasdnauainsasuniasvesd@szrning
] 4 Iy Y 9 ' ' Adq ¥ v A
NITDUUYINITUVUDINVANHUSUVDINITSVIUNTIDULUYINAIY LYY maqquwhamma 130
v o A = . A =T . .
mﬂﬂfﬁﬁﬂﬁ]ﬂﬂumilﬂaﬂuﬁ (color protective agent) ﬂi@ﬂﬁ’ﬁ]‘ULlflfNLﬂu"B’N 9 (intermittent
. v o= Y A Hq v o a4 A a ¢ a a A o ¢ v w
drying) ﬂmum@mmzuuﬂﬂumimﬁ Lwmmﬁwﬂmﬂaauuﬂmﬁmmwammm ("aUy

, 2550)
2.1.9.1 MIUANLHAILVY CIE L* a* b* (CIE LAB) (“If'?JWﬂL 2553)

a I [ y wAa 4 [l <
Tusssumnauadundinuniauinvesnauuuman Wi Tagiianuen
d‘ d‘ <3 L] ] dd‘ a 9 Y 1 A ..
AduRAWBUR LG IUY9 380-780 nm Taeszund@ntenls 1Aun CIE system %30 Tristimulus
g { . ) ) o
system 52UUUIIUTZUUN Commission International de I’ Eclairage (CIE) IaWannszuuves

o o .. Ay 1y o ¢ A a 7! o
ﬂ']i'Jﬂa'Glu:jjﬂmﬂ\i Objective ﬂllﬂﬁ@\jﬂ']ﬁﬂﬂigﬁuﬂ'ﬁm Wi@ﬂj']llﬂﬂm@\jlnéyﬂcluﬂ'ﬁjﬂﬁ N3

v
Ay A A

Y=t I ~ lzg o <3 [ Av A
Sadszuuiiiided Ao Wuszuuilitusumsueuiuvewdazyana Wuszuuifadesnn
& o < d' o ° o a vy v o ] a
Wudnay Wuszvunaunsohhldwne wazdmegasdnanldae daiumsuounud
o d‘ a 1 o A Y] d'dd J 9 o < o
Yo33A) NNAAUKaIRUdALAR IAgNNA tazmenuys e 0 s dsaiaeenuuiluaay
v v 1A 2w ¥ o o o A o A 3 J
lanamnsaiamdoenuuiludnavla Tasmlluybdezszyanvuzdvesingiuouiuiy
3 dnyaLAe Hue, Value 116 Chroma
= Aaa Y 2 =t I A = v A 1 o
- Hue 11803 andsnglvmiu (nad) lurevesdvaniuanaiany u
1 I a A A = g‘ a 1
52UV munsell 920190011 5 & AD LAY 1HADI WEI WUIU U9
. =< 1 =t A a A 9
- Value (lightness) H118D9 ANUAINVT HI0UTuauasngzNnouesnin
o S A ~ Y o Y I A 1 F) a Y Y
nndagminNlsmnamdanazneuoonu NIz Imiudany Mlsunauaiaznoutoss
o Yy I a9 A A Ao 1 =2 o o J =R . =2
MIAHUAITY ¥l VAN 0 = black (M1BDIINQAITNYIR) D3 10 = white (HUI8D

o EA
INYUIANYT)



19

. =2 A a = . A adA
- Chroma (saturation) MN18DI AMNUAAIANVUITYNT (purity) VYOIA AN

g

= A A aAy 1A a £ yy 1a o & = 1 <
Uiq%'ﬁﬂ’lﬂﬂqﬂ ﬂ'ﬂﬁﬂulllllllﬁ\iﬁlﬂ'llﬂwfﬁlllaﬂ “ﬁ\?llﬂllﬂﬁﬁaﬂ (hue) M9 100 & LUNELNA Lllu 0

= [~ [ 1 A W S = . = @
D3 18 Lﬂuﬂﬁ’mﬂ’ﬂmmﬂ@N"lJ?NﬁWﬁﬂiﬂﬂﬁL‘ﬂTﬂ lightness [A8INU

MWYsznoUN 2.8 LN UNNFEAL Hue Value 14182 Chroma

I { A o 1 o [
52UV CIE L* a* b* (HuszuvanidenlFnuesnanieuing Iasdivuaniai

e

- L* 1¥smuamnnuaing
L =0 = perfect black sample
L =100 = perfect white sample
Yo = A A A
- a¥ Glﬁlfﬂ'l'ﬁuﬂﬁllﬂﬂ LRI

< an
a1lu+ Inqidoonuad

I Y] A =1
a L‘]_I“Ll - INNADDNLVYY

Y
A o A

Yo s = A
- b* Glﬁlfﬂﬂ’iuﬂﬁma DINTDA UMY

| o aA A
b1y + Ingldeonmana

Y
o/ o A

< s
b uJu = INQUADDNUINU

4 1 A g o o A A ' £
sazlumsmannuuanadvesdniduduauiv weinsannngl wwudna 9 witedu
3 I * * * 4 { I~ * * * 5
space Wiilu L 2’| b, nazie@limanfasumnad ez 18 ngalu space Wlu L', a', b, @9 2

dy ~ 1 o 1 <] < o 1 = J A o
i}ﬂu%%i\li$ﬂ$1’ﬂ\1ﬂu1u Space Wl'l‘li ﬂi]$L°].Iu@')u@ﬂﬂﬂﬂﬂﬂ'ﬂnu@]ﬂ@N"U@Qﬁﬂﬁﬁllﬂ1§ (2.3)

AB=J; —15)? +(a} —ay)* +(b; —b3)’ 23)

A A 1 1 =
o AE A9 A1AUUANA 19U



20

T L*=100

L*=0

»MUszneUN 2.9 CIE Lab Li@ad L*, a*, b* color space

d’l =1 [ A‘ 1 9
ueNINHIUIZVY CIE LAB §aimsisuilye Taemaousi “a” uag “b” 191
11 “Hue” 1422 “Chroma” 1A8f#ua color term 80 2 §7 A® Hue (h®) 118 Chroma (C*) A1

I~ Y] ~ 1 AA o 1 1A = ] I o ~
Hue angle 1Wudnavnszynaudurvseginlaluns iniieiluesmasaunisi (2.4) uag

(2.5)

c

h° =tan™'| — (2.4

o

*

C =va" +b” 2.5)

1 I~ 1 § o w 1 1w 1
A1 Hue angel (JuAuNMAuLNY + a* Tagal 0° 1NN +a* (red), A1 90°
INY +b*(yellow), A1 180° (MAY —a* (green) LAZAT 270° 1(MNAY —b* (blue) 115U chroma
A A 0y a4 e A £ A ¢ £ v
(53910 0 FUVUMNFUINAWALNWINNTUANIZIZNHNNFUINAINTU C* 3z ]FURN
MANUaa lgueadNmANNA NN 9
Tagh A1 Chroma - ANt 1nd 0 naned TaglidFasia in1)
A 9 9 =KX W a9
- UAdn1ngd 60 vineda Tngladu
1 1 = [ s 1 1 o) o A
A1 Hue angle 1A% 19aU8 4309 1A1983513190°- 360° AD
[e) [e) = =2 A9
0° - 45 HAASTUIULAIDITAULAY
) fo) 2y 2 A A
45°-90° AR @dULAIDITINADY
o) o) A A = A A
90°- 135°  wEAEIManIDUADUTY?

fo) fo) A A A R oA
1357- 180" AN DIUVYIDIUVY)



21

=1

180°-225° uaasdwednad ity
Y

k4
a 2 o

o] o] = = a
2257-270" L@ aaa U UV YINI UMY

Y
o Aa =S

2700- 315o UEAE UUIUDIUN

2

o] o] a 2 1
3157-360 " LLE@ANENINDININULA

2.1.10 MINAG (1323584, 2550)

Y E2 ] Y
MseUNRIINaRDAUNINDINIT NATlTBIINE IMITHNsgapdein N3
a A g Y o ' 9 9y 1 @ = a 42/ 4
nasumlasimiuldFanusznimsenuda laun msvadvesomsdsansomnaiuld
Y

H 4 1 [ @ % I~ ] c'»
Tupnsnani lassaauusaanas 10y nMsnadirvesormisdnaztlusuy luainaue

E4

d‘ a a [ = d‘ = 1 A = 9 zg’
Lu@\15]1ﬂ51ﬂ!Wﬁ?’lﬂil!"l/lﬂﬂ’ﬂﬂllﬂilﬂﬁﬂusl]ﬂQﬁfﬂWfJﬂTiquﬂi@ﬂ1§ﬁ1iylﬁﬂiﬂiﬂﬁ51ﬁiugﬁu
a o 4 ] ° a o J ' a o o A 1 @ %
wammmmﬂmﬁmmm Nfl?’lﬂil!“‘ﬂ@?ﬁ?i@ﬂ\i‘]fﬂﬂhﬂﬁ]%ﬁgﬂuﬂﬂﬂﬁﬂﬂ@n‘ﬁlmﬂ@]Nﬂu RIZN!
1 @ 1 ] a o d @ 1
ﬂ1i@ﬂllﬁiﬁﬂa@@ﬂﬁﬁﬂ@] uazmwa“lﬁ’ﬂ'mmmuuwumwammmwmmi@mzﬁ’ummN

E4 Y
AUA18 19U $19U0819F19 910 UT AW ITU1H1T T Tenan anurumiuveuile

a [ 4 1 [ 1 < a Aa
HANNUNIZADU G HADINTOVURI06195 91590189 U ATAD UG AIN18UBNUDI
A o ¢ < ' I A ) A ) Y 1 a 2
NAAN N IZUUI081959915 2 110 Tsumseuurunaoudedgusa 19na19vo % U115

QU

<3 a

v d’l 1 Y a a A < ad o
ﬂ1i1’iﬂ¢]’JGUﬂ\?!,u@®1W1§ﬂ181uﬂ$ﬂE]Gl’mﬂﬂﬂﬁuﬁ?’lﬂuﬂﬂ%Wﬂwﬁﬂllﬂlilﬂﬂlﬂuiﬂﬂﬂilaﬂ“] hll]‘Vl'J

a o

@ Y ] a o J v o ' '
WA Gluﬂi{fmmﬁmmwumuummwa@nm«nwmms@uuﬁ’wzmmw ANULANA TuaDY

)
J <

nssitotunhumd 1d manadarlasnaldsziald lasnsmsasiauszrnalsuiag
% 1 d‘ Y [ Y J Y @ d‘d 1 o 9 1 a
V0IA0819N Idndannmseuuiaaz Ao uNITo UL adeniinanomsnadad laun Usuia

3’ o =\ o A & 4 3’ Y Y Y
NITISINYUBIUN Iﬂﬂ')ﬁﬂ"ﬂgllﬂ'liﬁﬂ@l'JlWll"Uulllﬂu']ingﬂ@@ﬂllﬂll'lﬂ NI INTOULN 1T AU

A o an o
2.1.11 MIAUA (ATNTNEY, 2544)

1 Y
Hasenanimveseonnsuisidiny ldun anvazilodudauazanuanso
A v o A o o 4 3

o o 1 [} 4
Tumsfiudn dnvaziledudaimiion dnvuzidludule msaudiednndg wie luauysal

1 dyd I o a Y [} = = [l dy Y
L‘I’iﬁ11«!6@11]1!{5]114u‘ﬂNﬂfoHWEUENEﬂWﬁE]‘ULLWQ U DIUMITFULTIANUUNVDIUUDDULUN

A v o ~ Y] &

2194199119105 VAU 115au Tunaiuile
Y = ya 1 v d & A A A o oA A &
latimsdAnywaasldiiui dunuiiodensniodad IAngungiiguilu

d! d' A v a dgl Y a qs: ] = o
I2YSLI[AININ miuJaUuuﬂamuu"luﬂu@l'mzmﬂeuumm uququuumﬂmqua‘mg‘m
9 a A g’ A ¥ A 1 o J o
lemmimﬂ’dmmama"lmmmm mmaﬂwqummwmmaauazmmmmm°lumiwmma

S Y v o w 1 A o 1 o z A o 9 [} dal
611'0QLL”]EJQLIINﬂi]i]ﬂﬁ1ﬂﬂlu§]@ﬂ1§ﬂu@n Lm{]i]fl]ﬂ‘ﬂQﬁ@\ﬁ]iﬁﬁﬂﬂﬂlu@@1ﬁ1§gﬂﬂﬂﬂ'ﬂlﬁ@u YU IUD



22

Y 1 2 ' 4 Y
punsansagaduih ldiissduniave ninsudunniu uagdwinz awisogaduii
Y 2 g‘ o (=Y <3 [l ] 1 dy uadl = 9 A a a [ Jd v A o
Tdauihminmiuau dlulsvmneanuinienuezllnssadamiowany wan A usina inue,

(=Y ° A v dy 1 ' dy
%51%%@1?1‘]&]‘918%1 UASHANHUSIUDIIUNNUIUDTA

2.1.12 Msgayasans sty ASNSNG, 2544)

¥ Y v v
diethnaaduleszmellanemisszmarsnszme'ld lddre lualSua s

]
=

' o o Ay A ] =< Y 9 A ' ' A
A T lldsingmssithdudai lidosns 39la0ms Idasvresie sy meou nie
v

2 ~

A A ~ o P /3 A ) A dal o @ =
19ANANDY 9 NaNsIVsTEvel 13 dregalszasanmeztiinauiinduindionrinson
o é’ [ d' a [
pensznovved ledunumslasunilasgurgivese s uazanuau li
(N 4 [ 1l
YoIe13521Me 1A N09A15zno VY09 loAINa1I92gNNIZNUNTZINOUIINANUAINITONS

v 1
azaeluiiuaz luveuraldu 9

2.1.13 msananayulns 5y tazauz, 2548)

Y
ACAA  a &

v
@ o @ I a
ﬁ1iﬁﬂﬂ%1ﬂﬁiguVlWi w?aumummzma Lﬂumi@umﬂmwwamu@m
a 4 Y 1 1 [} = a A A o Y =
DITUYIN Lﬂ‘]JVL'NHiJ’d’Ju@N ) U NAUADN WIVDIWNA NTT 51D mmﬂaaﬂmmamu b\
@ < Aa J AA o o Y 1 v a A 1
aﬂyngﬂummmaamlmﬂﬂizﬂaumamwaaucﬁucﬁauuazummaﬂuMﬂauwemzmmw
A e v < 3w < 0 q ¥ y A
ma”lmummmumgmwmﬂ 9 611mumuwamzma%amwaaaﬂmmu"la ‘I/I'IG],'I’i!,i'IUlG‘Iﬂau
v v
von niuveuszvelluantalumsaingelin UsTINOINMIONIAD UI0AALIN AA1Y
a A Y q9 A o2 o ¢ ~ S o ] a
TN ﬂi@ﬂigﬂuiﬂﬁﬂ%u ‘I/Nsllu’ﬂgﬂﬂﬂQﬂﬂiiﬁﬂ@”ﬂ‘ﬂNmMﬂJﬂQHWNHW@Mi?&LWULMﬁ&’%Hﬂ

Y
HiUnoNsLIMEUNANDI1NNEAN € INUIY HANANNY

2.1.14 miaﬁ'ﬂmsmmzmamnayu‘lwa (YNNI, 2553)

o A Y o < Y ' Y=
NTANATITHOUDDNIINNY DU Vlmmimmgﬂunmumum @]E]lﬂllmJﬂﬁ

an [ d‘ I ¥ A A 2’ o d’d a
NAUNMITNITANATITNOY LW@GlWllﬂﬂauﬁﬂll UIDUINUNDNISININUAUNTN wazdTunw

ad [ 1 ug;l = Ay d' = YJas o’j 9 a [ A d'
AR ITNITAINANIUUNNAYID M5NIz@en 19I5 Al AoINIITUIANHULUVDINTNIY
E4

v
hananadie I3 msanainiureusvie A 15aLLNe N 1AaaTl

2.1.14.1 Manausalein

v v g’ < ~ 1 ~ =1

ﬂ'liﬂﬁuﬂ')ﬂvlﬂu1 LﬂLlﬂﬁl,l,flﬂﬁﬁ1/158!;148\118@@?75]1?1?”5‘VIES,’LWEJEﬂﬂ Iﬂf]ll

o A J v A ) o Ay o A Ay v Y Yo
HanNn1y Ao m’mi”lﬂm ﬂi@W'lu‘l@u'lL‘U'lllﬂﬂQﬁTiﬂ@E]Qﬂﬁﬁﬂﬂ LN@ﬁWiﬂ@]@Qﬂ?iﬁﬂﬂqﬂiU

v
anuiou azldmsneuszmeeonunsouiunulein anuaulevesassauiuanusaule



23

k4
) 1

Y 3 1 '
1 MR UANUAUDITOINAVYDIVBUNANNIADY WZNAUAIDONUINS DUNUNGUNYUA MR

QU

D

a g g g o ' '
ADAVDNANT VOUHANEAIVUUY taznansuentdu 2 1 Tasilianuruuduunn

Y ' 4
agFUAI dIudsNdoImsanazegIuLL

v v v
mwlszneud 2.10 m3nauaie o

v v v
auiaveasnuen Insninaudieleri

v . J = R 9
1. ﬁm"luazmﬂm i]\’lilz’cﬂllﬁmlﬂﬂ@@ﬂiﬂﬂuﬂ,ﬂ\ﬂﬂ Taglynsaeuen

Y v a A °

= wa 1 = A A O‘ 1 g’d 4
2. fiautiaszmedie Hyameaniominininla draisiigadeadt wzuenld
= 1 d‘d A
annashiigafiongs
P o J
sz Temimanaudielerih
v
1. afaueninUNoNILHERNIINA DUAIL) VBINY
o T 2 A
2. anauemiTuUNyIINUAANYS

E4
v A

ax a9y A A d‘ 9 o 3 1 a 3/
APUUUDA 7D nmﬂﬂummau%ﬁmm ﬂillequlullﬂﬂ!ﬂWW g

Q
Y

Ysmadnn ua limngduisnidnsazun wu ndugraiy sz lethngdt ldndy

v o Y 3’ o A = ' v g’ 4
pratuswamnuiudeu ihdureuszmenedlunaunrain iaunsooenu wioulewr 14
& o QYN Y (2 o @ 9 A m oy J J W = ]
nariwa IR IdSnaniniunenszmetiosas wielildias manauihiunuaiudenis e

' £
L’S%ﬂﬁﬂﬁuﬁ’)ﬂﬁﬁ]zm%ﬂﬁuﬂ’ﬂ

2.1.14.2 Msnaua e uazlein

e

@

axaA Y o o 9/31 1 1 A Y o =
ATUUN ﬂﬂﬁﬂa1ﬂﬂﬂﬂﬁﬂau1ﬂﬂi"ﬁu1 UALANHA TNATIN maiummauazu

r =D

F4 A

) o o 3’ A Y Y A g‘ A oA
ﬁgllﬂiﬂﬁ1ﬂi‘]J'J1\1W"]5VL'JLWuﬂ§$WIJu1 welnanusou Iﬂﬂl‘llﬁ')vlw Wiﬂ‘lﬂuﬁ]'lﬂlﬂi@\?ﬂHUQ
E4 '

g’ . g’ Y o A I o AdA A AQqY o "o W
10111 (boiler), ¥imelundondu avdeanatatiule msnaulaeIsd fisnlsnduay liduda

Y
nuauieu Tasase lnaunmveniiuvenszmednNasusn



24

manfulaglihuesinh

Water
Seal
g

] v v v
Mwiszneun 2.11 minauaeiwaz leiih
2.1.14.3 M3NaUAILIN

an o Yy ) de  w & y A '

’J‘ﬁuﬁ13Jﬁﬂ‘1/l1ulﬂIﬂEJGl"lfQﬂﬂimﬁ1ﬂiﬂﬂ1iﬂau U ©UBNAY IATDINIVLUY

o o o ax A A Ay v o w 9 v a
UAZHNIFUSTDITUUINU ITNITNAD Uiiﬂwﬁﬁﬂﬁﬂiﬂﬁﬁﬂﬂu1ﬂu1’iﬂMigtﬁﬂﬂislUﬂiJﬂﬂﬂu 11y
J ' v v S A A J < J ! S o A
HINDNIN LUAINUIUUUADA mamm@mzmmﬂu"la ”lamfuzsmawmmuwamzmwagiu
A A A v Y A A 1 J J o
IUBDLYDUDINTIDNUINIDUNY  LUBDHITUIATDIAIULUY ”laumaz"lemaaumuwamzm&mz

1 I~ g‘ o 3’ 3 o ) o @ a

mmmuzﬂummmm ‘lﬁlumuwamzm&mazumﬂﬂﬂmﬁnﬂﬂu mmumiﬂauﬁ%ﬂsmm
Y Y a wva o Y o Ao A Y = ) o a
Ha Y9 11&1’7@01]@]1J@]ﬂﬁ LdeﬁJﬁﬂ‘Vl1vlmﬂﬂslslfﬁlgﬂﬂﬁu1/l1/l1i]1ﬂmiENl,l,ﬂ’J 3NN YANaUvUA

Clevenger A4 N 152nauf 2.12

Clevenger Apparatus

< |
Water U

= S a
ﬂ1W1J§$ﬂ'(‘T].|‘ﬂ 2.12 gAnaurUA Clevenger

1 o A a Y & v AA L o Y <3
ﬁ'JUﬂ'liﬂﬂuW"li“]_lﬂﬂﬂmﬂﬂ ﬂ?iiﬂimiﬂiﬂﬁuﬂﬂﬂlu1ﬂiﬂﬂ]ﬂlu 91ININWLAN

AALAT NIDNDWAY TasoIFeNdNMITIAEINU



25

M Y g’ dyd Y A
nsnaulaglding yvea

[l '
@

A a v aq Y1 9
unydsunannn 9 ﬂ?TNi@u%iﬂq’ﬁN@ﬂﬁu

Y

3

Ty o 3 Y A
Llagﬂ'lslﬂﬁ]']ﬂ@'] UANNUBDLIAY AD

Y

@

v liminanenasanwdonau Arnogamanln

Y
) p—-}
=
=)
Nl
=)
=h.
B
o
Lo
=)
a)]

E4
o

v a I 9 o Y @
UIA 'E]’]i]lﬂﬂﬂ’]ﬁllﬁullﬂ mlmiiuvew

e
e-

v
Yy A o I A v o o o

d‘ u‘/ ya =S z u'/ Qddy Y A
i&’l’iﬂ‘ﬂﬂ’duhlﬂ Mﬂaugwwuvlwwmﬂuu1 annamsnaulaelsl NvIzaesduRanuinaon

v
Tasasailunannu Mldesndsznoumanivostiniuneusave nanalasunas g

AU
2.1.14.4 Mmsanalagl¥aiazaie

[ g’ o Y d‘ 1 Yas u‘/ 9 g’ Y
msanainfueuszvennaon 13 AliansalessnauTeels lownla

A P D) o A ) v o =gV
iesnnesfiszneuvesmsvensziveluaen Ifvzaaiedn iegnanuiouge aniudeld
v Y '

Mazane 1Y @y anaiTureuIZMeRnN1 wadniuazsyive ladgiazaisooni

a v o & 3 3’ a2
UNHUUASANTUNAAUA ﬂi]gulﬁ}W'JHWWﬂll ¥UA concrete

@1996 6. M. Tissue
A Eim edia.com

separatory
funnel

solute in
organic phase

solute in

stopcock aqueous phase

mwiszneud 2.13 minau laglddiazaie
2.1.14.5 nsanal gl luiy

[ 9 % I as [ USJI a % Y o 9Y [

msanalasld lvdusludsmsadauuusudy nldduaen lnauung

a A 9 o Y A Y Y o B A o g
wzd gounau ez 19 luiulsznmihiunyindsasuunia 1 udnieen Tduunasiuiu

2 « 22 2 ; o 2

FuD 9 aduoa el 24 Tus udmldsuaen’ld el shdlszana 7-10 a5
@ 3 y A o A o dyl @ 3 Y

luguvzgaduasvon’ld Fonlviiuigaduaisneniin pomade wasninldonsiuoa

azaemsveusanan il 1h sz ladazarveenigurgiinazanunaaud oz 187



26

k4 A A VoA o o P 2 A

UINBDUYUA concrete LﬂJ’l’]LLfJﬂﬁ'JuVIL‘]_ILlll‘Ullu’ﬂ’ﬂﬂiﬂElfnilﬂll1@3@18!@1/11511!@?1&!?13 LUBLHUIND
1 A g o % Y o 3’ a 2 o J @

Llﬂﬂﬁﬁu‘ﬂlf]_luhl‘llﬂ@ﬂ Waﬁﬁnﬂi3!,1(75111'@@ﬂaga1ﬂﬂﬂﬂﬂ$1ﬂﬁﬂu1ﬂﬂusﬁ1«!ﬂ absolute “]Ni]ﬂlllu'ﬁ')

Y [
WM UFHARNAZIIAWNINGA

2.1.14.6 Supercritical fluid extraction

I ax o Yo o A £ o [y A

Lﬂu?ﬁﬂ1iﬁﬂﬂﬂ1ﬂﬁl§uulw5Tﬂﬂclﬂf@]?l‘ﬂ1a$ﬁ'lﬂﬂ\w'3ﬂ FIVE DAY ANNITINI
A ' a o A g a ad .. . = wva =2
eased lugungiinazanuauniugaIng@geela (critical point) AW TNTA 1UNTHY
1 <3 Yy A 24 Yy A = Jd o o
mumamm‘lﬂmmuuﬂﬁ uaz’mmmazmams"lmwmwummm i]\’lﬁ'liJ'liﬂ‘]Ji‘éﬁEJﬂ@]ﬁ'l‘l’ﬁU

o Y < [} A & v A Y an dy = v 1 A Y

ﬂ'li’dﬂﬂﬁ"lihlﬂlﬂuﬂﬂ'l\?ﬂ “H\?ﬁ1iﬁﬂﬂ‘ﬂulﬂi]'lﬂ'3‘ﬁﬂ15u uanulasansnedauindounay
Yy a 1 Aag o Yo o a A A 1 )
QU?Iﬂﬂﬂﬂﬂﬂ'ﬂ')‘ﬁﬂﬁﬁﬂﬂiﬂﬂi%@l?ﬂ?ﬁ&’ﬁ?ﬂ@uﬂiﬂ ‘I/I’E]'Ii]‘liJﬁ"Iiﬂii]LLEJﬂ@l'J‘VHa%aWEJE]E]ﬂiﬂ

v o = 0 q Yo o Y ' o o a a AY Yo
Ulﬂﬁﬂﬂiﬂﬂﬁﬂﬂuim fl]\’l@'li]ﬂﬂﬂﬂ@nﬂ'la‘éﬁﬁ'lﬂﬁﬂﬂN mummazawaﬂqmmmﬂ‘n"lmumm
2
=

A A J Ia 2 .. . . o A9 A
ﬁ‘uii]iﬂﬂﬂq’ﬂﬂﬂ ﬂﬁ‘]Jﬂu‘lﬂﬂ?Jﬂhl"Hﬂ’JﬂimENU’m (supercritical carbon dioxide) #15AIUNUDA

A 19AINnAM Aeda1IZANNAY 72.8 UTIOIMA tazgungl 31.1°C luda1izinga
2
=

U

J

A ¢ wa 3 o o ' J
YU ﬂTiU@uqﬂ@@ﬂUl%ﬂﬂgﬁﬂmﬁllﬂﬂlﬂu@]']ﬂ’lagﬁ'lﬂﬂﬂ'lqa u@ﬂi]’lﬂﬁﬁ’lil’]iﬂlwﬂ@@ﬂ

a o (l/lall [ L:I @ Y @ o 91\.1 1 Y a o 4
MMNWNAANUN ﬂ\ﬂﬂ”ﬂa\Tflﬂﬂ'ﬁuqﬂﬂ1§ﬁﬂﬂllﬁ'ﬂﬂﬂﬂﬁﬁﬂﬂ'ﬂuﬂu ‘I/I'IG],'H uﬂﬂmﬂuwammm

Y
=) %

[ [~ a 1 o A U Y A 1 dyd o Y 4
@ﬂmm"lmﬂuwmmz"lumawmmﬂa@u %1ﬂﬂl@ﬂl’ﬂ’d1u%ﬂ‘ﬂ11ﬂﬂﬂ1iﬂi$§ﬂ@
s Ia 2 o
ﬂﬁ‘]J?JL!‘1@1ﬂ@ﬂhl"]fﬂ?ﬂi]@ENEJ’JﬂGl,uﬂﬁﬁﬂﬂ@]N ] UINUY

v v
msanai1iutaziiunonILeA1833 supercritical fluid extraction 1431

=

a g 4 4 I a { a a [ 3’ o
ﬂ'J'lllulellﬂﬂﬁuﬁﬂﬂ 9 Lﬁﬂ\ﬁﬂﬂlﬂﬂlﬂﬂﬂﬂﬁlllli&’ﬁ‘ﬂ‘ﬁﬂ?W’q@ VTV NAUINUNDUISLTY

a 1 @ o a . . % I { [}
T8 lulsuauinuazldnanissnii drviazareniienldns carbon dioxide ¥atdlua1sh lal

| o 1 [l A 9 A =) = v ag @ o’;’ A ag A Aa
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2.1.15 maigau iy laniuve sashanan 3 FT-IR (Fourier Transform Infrared

spectrometer) (B3 YY1 LATAME, 2548)
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= [l

sunsusaanInsalni (infrared spectroscopy) tiuimaiiailgigating
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'

Y, o o @ ] a § @
gy Taonisianisganaussd lugmdursusa (IR) vesasyuziimsduyeiozaow
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% NITEIAIU (percent transmittance, %T) 1agsad@aunsusAviinnve1Inaulugie 0.8-200
= A -1 a k4 &
luTaswas (um) uaziimuaau(v) 12,500-50 cm”' Tutanavesdsiailsznoualooznonds

v '
JUAUAEHUTLIATLAZ D ADIIMANUMITUAADALIAT

Y

A
2.2 NYBHNINYIVO

2.2.1 NgBHMILUIRUVBIAY (UH1A, 2540)
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4 o A 4 o a \ J o
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I~ 1 [ y y 1 ] @ Aa ¥ a
Wugsdasimieuuiaiaei minemanuieunazuiaiaqnueINIAILIATUTOD 9 /2

[ 5 ' v Aa o ) 1 3 a d 2]
AITAUU ﬂ'ﬂiJ%)El“L!iﬂﬂEﬂﬂ?ﬁilziﬂm‘ﬂ‘lllﬂiW’J’Jﬁﬂiﬂﬂﬂ?iﬂ?ﬂ’ﬂﬂ%}@uN'lu"lfu‘V\lﬁiJ"UﬂQﬂW"]f

q Q

o 1 dy a ] c?: a| d [ [ A a [ A A 3’
ﬁﬂ%$LLWiﬂ’ﬂiJ"]i“l«lﬁﬂﬂW’JW'lu{’]fu%laiJ"U@Qﬂ1G]5l1ﬂEJ\1@1ﬂ1ﬁLlﬁglllﬂW?ﬂ]ﬂ\i?ﬁﬂuﬂih'lmuiaﬂaﬂ
9 Y

4 Y k4
un mimﬂmmm?euuazmimammami%zmﬂﬁumaimﬁmmma Iﬂﬂﬁ1ﬂ181u’jﬁﬂ

q

A A oA o A J Y &4 vy ¥
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1) ¥IOAIINTOUNTININ (constant drying rate period)
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E4

kg o v <3 o o " v W
ANVFUTUANT 1ATANNFTIVDINTZUADINIA FIDATINITILIHEVDITLMNUDATING
v
femaNuiouNNeIMAsidanen s oULHIUBINITTZIMEURNIUTBIMNUEATING
DYNVIA AIFUNTN (2.6)

_WA(T, ~Typ)

hg

(2.6)
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] . E4
o o

Lo m ﬁ’ﬁ] N3N TSLHBUDIUN, kg/h

g

h'  Ae dulszanimsmanudeuvedeima, ki/hm’ °C #5e W/m® °C
A A do o @ o P
A fo WuidudavesiagiueIma, m
T, fo guugivesnszudoind, °C
T, fogunginsziheilen, °C
1 <
h, fe manwsoundsvesmsszmenaeiiule, kikg

E4

y <3 1 [ o A -4 4 1
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(2) ¥99ATINTOLUTIIAAAA (falling drying rate period)
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y A Y a
2.2.2 aUMIDULVAUIAU (FUFIN, 2540)

Y A A a & ) oA A o
FAUNITDULLNN AD ﬁ'ﬂJﬂTj‘ﬂ@1ﬂlmﬂumu1ﬂﬂi%ﬂﬂﬂaﬁiﬂNafﬂﬁ‘Vlﬂﬂ'ﬂ\ﬂ’ii@‘ﬂ\1
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@ 1 1 1 a o u’o’/} o’/} 1 I~
Y9I 1/5ANa o) NNaReMIBUUTINAAN UMY o aumIToUURIFULIaINTana 1Ty

aumso DU NG BE dumseuuiennguiuasaumsovuiauennsna

2.2.2 1 aUMSOLURIMING

Y o [ = = a d' d' g’ [ d‘
latimathmanmsmengunatenguiuesiienisnasuiveailuiagh
I 1 [ .
Hlaseadumeluilugngulugidaniseuuisanas Luikov (1996) ldiauena’lnnis
A 42 o 4 - 2 : N
inaounvestineluiae Fserunatiulunuuaie q dwe il
iAo4 2 4 _ 4
1) Msnasunuetilugveue rautien capillary flow duily
NALNDINUTIAIAT (Surface force)
A 42 A :
2) Mmsndeunvotihluglvesveunal 11 991NANNUANAIYD
Y
ANMAVYUVDIANUFY (liquid diffusion)
A4 2 4 . 2
3) M3tnasuNve R luFvoIUe WA NLBIINNITUNIVEIAINTY
a <3 . .
UVUHNIVDIFWTULAN (surface diffusion)
A o4 2 A .
4) mandeunveniluglvesloiosnnanuuanaisvesni
Y
1UTUVDIANUFY (vapor diffusion)
A4 2 L :
5) msaaeunveuitlugdvesleiuilesninanuuanaisuea
’qmwgﬁ (thermal diffusion)
A4 2 2 4
6) nstndounvenirluglvesveunaiuaz loriuiiosainanw
HANAINUDIANNAUT IV (hydrodynamic flow)
A A 2 o o ' . Y v
nnnalnmsinaeufvesiinieluiaqainard Luikov (1996) laaiia
o a o § g Iy a o
suuaesneatiamaasiaasmslasumlasnnuduvesiag gungivesiag nazany
AUTIN 1119991NUULUIIA09DY  Luikov (1996) TANugIe1nuIn twsizliamilsuag
1 a o o [ 3 =R o (=) o o dy Y ~ v W o [
MM aariudede ludmaihuuudiaesil Il unesususu Tagnaldng
2 A g’ o [l [ [ A g 1
wnasunveuih luiag lagadulvgegluzivesveurarnilumainannanuuand9ueanny

Y 9 & =~ Yo A
LNV UHUDIAITUY U ﬂﬁ]!,"lJEJuulﬂﬂ\iﬁiJﬂ'li‘ﬂ 2.7

hy, =—AD%— (2.7)

o m. fle oAIIMIAIGNNIA, kg/h

e

4

A A A ' 2
A A9 NUNNITDENUIA, m
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& v 9 & 3
c 09 ANUVNUUUDINNNYY, kg/m

A
X D 38, m
4

9 aulszantmsuns, m/h

w)
)8

wansandasmanasuiduazesnnnsuinsnlugy uaasianIwlsznew

d‘ 4 d' a a ~ a2 =)
n2.14 uazammmﬂaauuﬂawmmaiuﬂammmmw (WAITUUNYINANIAAYD)

n1w X -’ . n1w x+Ax

|~ |

X X+AX

mwilsznaui 2.14 USuasniugu

é/is’]ﬂﬂﬁdWL‘VliJ’JﬂTlNHgJJT ﬁ’ﬁ]

. oC
My, |x=_ADa_X |x

0131M150BNNIANNI00A AD
oC

My, |x+ax=~AD——|x+ax
ox
(% A a A
oannatasuuilasuialulsunasaiugy Ao
. oC
Amy, =-A— Ax
X

A A
IWotAo 13, h

111 mass balance i]‘?.iulg]/

E(D"”_Cj:a_c (2.8)
Ox Ox ot
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ANV VU UMTEUMS (2.8) Aa0a 3219
Ox Ox ot

A A A o i
W9 M ADANUTUITG, decimal

P a Qd a0 d' Y
MFUUsEaNTMSUNI VAN ilzllﬂ

2
oM _ oM

- 2.10
ot ox2 (240

v v 2
MIMIMABVUBIANNIITN (2.10) ABIHUATN LT UAULASTANILUD YA A

ANILISUAL M(x, 0) =M,
ANNMSVOULUA M(0, t) =M. t) = M,
4 A M
e/ A9 ANUHUIUDIIAY, m
A dy A 9 .
M, A9 AMUFWTNAY, decimal
Y
M, Ao AUFUANAA, decimal

@

NFANNN (2.10) mﬂﬁmuﬂan1m‘§m€1’uuazﬁﬂnzmammmﬁm%’maqﬁﬁ

A A A 9 ' o Ay A
gﬂﬂiiﬁLﬂﬁﬂMﬂMﬂﬂMﬂ%N fxﬂ'ﬂllﬂ'n fyllﬁgﬂj']llﬂu'] fz ﬁﬁuﬁﬁﬂgﬂﬂidﬂanﬂuiﬁnr

[l
= 2

) ) ) e
Al lumsunaums 1uasil

[l [l
% % IS =

1) dmsviagiUnssdwaeniitianunt £, anwen £y uazanunmn £,

ALz U M(x,y,z 0) =M,

ANNTUB VLU M(x,y,2,t) =M(x, 0,z t) = M(x,y,0,t) = M,
M(/ly .y, zt) =M(x, ﬂy, z,t) = M(x, y, ﬁz,t):Meq

[l
A A

2) dwsuianzUnsanaunisair

ANNISUAL M(r, 0) =M,
AANIZUD VYA M(r, ) =M,
4 A o £ o
e r o 3282 N19IANINYANINANVDITEA, m

A K% A v A
o A ANUNINNIDIAY, m
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& & .
M A9 ANNUYU, decimal
A dy A 9 .
M, A9 ANUFWTUAY, decimal
Y
o Mo ANUYUANAA, decimal
o Y
wagnmuali
(Mt _Me )
MR = . (2.11)
(Mip _Meq)

@

1 Y
e MR e 9A51@IUANUFY, decimal

4 '
A A

M Ao ANUFUNAAt 1 9, decimal

t

ad a a S Yo o o A ~ dy o 1
NNIDFAIATIR ladweudmsumandeunanusumeluiagzinseg
Y
1 srane Tl

1) ﬁm%’ui’a@gﬂ‘mquviuu,uuimﬂ'ghmazan (infinite slab)

o0 _ 2,202
MR =( 82J 3 L | 2 T UMD (2.12)

1.1) 1eNTU R SIAWNOUUTD

vk =[8 — %Dt L] 9T’ Dt L1 25T% Dt
=|—5 | expi—>—Ft —exps ———=— ¢+ —exps————
72 )| 5P 2 9P 0? 257 02

2) dwmsuiaaginsanay (sphere)

© 242
1 - X
=[5 )8 (] =) o
= 9
T~ /p=I\n
2.1) HBNTUUNIIANDUUTA
2 2 2
MR=(%] exp _n]z)t +Lexp _47t2Dt +Lexp _91t2Dt
T I 4 I, 9 I,

3) ﬁmﬁ'ui'ﬁ@mqgﬂmﬁﬁ(cubic shape)

gV = 1 Y (2p +1)*37°Dt
MR =| — — _eRrJ R 2.14
(nzj pgo[@p—i-l)zj eXp[ ? 219
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3.1) (e NNTU NI T WNDONUTA

MR_( 8 j exp 3Dt 3 exp _le’Dt), 3 exp _27n’Dt
n’ )9 0 25 0

4) d1135U31UNIINTLVONE1INN (infinite cylinder)

o( 4 22 X2
MR = — |e - (2.15)
na[xﬁj Xp[ 4 j

5) 1M VIAQNIINTLVBNAY (finite cylinder)

(8¢ 1 _(2p+1)’n’°Dt =( 4 X
MR = (nszzzlo((zp—i-l)zje)(p( (2 —J X Z::{;WZIJ ( —4 (2.16)

fe X =2 (D)2

@

Ao ﬁﬂﬂmgumcﬁaﬂaﬁsﬁ'uauﬁuﬁqué L, =2.4048, ., =5.5201,

> To<

)

A;=8.6537
¢ Ao ANV WAULUUANWAZENININ, m

r 9 SANUDINTINTEUON, m

[mo)) =)

[l
v AAA

r, A9 SANNNUTNMsINeinYIae, m

0

v o d ' @ a 1 g a
LLﬁ%ﬁﬁJﬁﬂﬁ'%}Nﬂ’ﬂiJ’diJWLl‘ﬁiz‘l’i'J'NﬁiJﬂizﬁ‘Vl‘ﬁﬂ'liuWiﬂ31N%ULLQ$Q&IWQMBULL?{Q

Y
lannaunisvesensiiiod (Arrhenius equation) Tugiunuaunisaail

E
D=D_exp| - a (2.17)
0 R(T +273.15)
A A ' o a ' dy 2
¥\ 13} D o ﬂ'lﬁiJlli‘?&ﬁVl‘ﬁﬂ'li!,lWiﬂ'J'lﬂJ"]fu, m/s
A 1 4
D, o ATIANA
E, A®  Activation Energy, kcal/kmol
R Ao A1A@IveIn Iy, R=8.314 kl/kmol K
A a Yy O
T o QUNHUDUUNN, C
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2.2.22 GUMIOLURINING B

E4

A o aA Y o sy 1A v
Lumﬁnﬂmi“Lnfdilﬂ15‘1/110‘1/“]‘]91;]‘Wﬂ:izﬂE)‘Uﬂ’JEJilm’mWim‘ﬂlllJﬁu?gﬂmcl%ﬂu

A

[ Aa = o Y tg o Jd o & Ay Lg’ Y [
Tidlunten Jameeui lihevu Tasnsdanainga o sealiates o nallime liazainde

o ) A v Y a ¢ 0 g Y ¥ o
NTATUIY FINNAUNITN (2.12) ﬂ']ﬂQ‘l'JLWfNWi]uuiﬂfﬂngslﬂUlﬂﬁllﬂ'ﬁ AN

2
MR:(%}XP il o
T l
A 8
150 MR = (—2Jexp(—kt) (2.19)
T

A A @
we /¢ Ao ANUHUIVDIITEG, m

A 1 o Y -1
k  f9 A1NINIUDINITOULIHN, h

A Y1 Yy o A Y A
aun1sn (2.18) uag (2.19) i]?.islﬂﬂﬂﬂamﬂ\iﬂuﬂ1ﬂ LUBLIATIMNTIDULUINATUIN
2

t
l

HAZAIANUUANAIIIZTDENI 5% 199318 UAWINNI 1.2 (AN, 2540)
AT A5 1 UVVIIADINTO VLY 9 TABNITAUNANDATINITDULUHK

v A v g [ 1 [ 1 dﬁl o dy
iﬂﬂslﬁﬁﬂTJ%ﬂ\WILL”]JiWLlL‘]JL!’dﬂﬁ’JuTﬂEJG]iiﬂﬂﬂ’ﬂmmﬂ@]NélJENﬂ’NiJ"]f‘LJGUEN’JﬁﬂLLaZﬂ’J'm%u

a [ 1 ] < o a o . 4
AuRa VOAUNATIUAINAINAWAUNYMTIUAIVDITIAY (Newton’s law of cooling) 01T

E4
v A

Tuglaumseunrisaz 1daail

M
dd_t = —k(M —M¢q) (2.20)

anneisuAu - M(0)=M,,
annzvoulvn M(t) =M,

MADUVDIAUNT (2.19) AD

MR = exp(—kt) (2.21)
& A 1 @ Y -1
We kA AINNAIUBINTIVUTY, h
Y
MR A0 0a5aUANNFY
2
M A9 ANNEUYeIIAe, decimal
A 4 2 g .
M, A9 ANNFWTUAY, decimal
A & .
o A0 ANUFUTANAD, decimal
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t Ao 1AL h

2.2.2 3 auMIOUNTUONNIAA (empirical equation)

aa o A g

aumseundueunsaa e aumsnassnindoyanisnaaesd1niniag

q

(V4 Y

1 a g o < % 1
G],u"lf'NQﬂl'ﬁﬂuiJ %3Qﬂ31115’§uﬁllw1fl‘ﬁ Ll,ﬁ3?]7]111!5'JGUENE]'IﬂWﬁE]‘]JLLﬁ}QﬂﬁQ g WUN asoly

o w

o o Y Wy Ay A A Y v Y o
Vl1u1ﬂﬂ§]i1ﬂﬁﬁ]ﬂll°ﬂ\1llﬂﬂ LLANUDIN Glul,iﬂQNE]uﬂmﬂﬁ@‘ﬂu'ﬂﬂﬂﬂ@ﬂﬂ?ﬁﬂ@ﬂ@lﬁQﬂ‘]J?fﬂ'l'J‘éi
N1TNAADY

UDNNNAUMIDULHUBUNT AN 1F 18T LT IUFI9dN1IZ01NA

=1

v v v An o o I A o Y] o
’E]‘]JLL’H\WI?%‘U% ﬁiJﬂ1iﬂ°ULWi\1L@3JWiﬂﬁfNﬂQlﬂuﬁﬂﬂﬁ‘ﬂLﬂhlln“]ﬂ,l]uullﬂ_ﬁﬂa@QfﬂiE]E]ﬂl,!,ll'ﬂ

a

Y

d‘ 1 d‘ 1 Y A [% Y 1 A w U ]
mimemmwumimy mmqannzemmqmmﬂu"lﬂamm AIDYNLITU

Newton model MR = exp(—kt) (2.22)
Page model MR = exp(—ktn) (2.23)
Modified page model MR = exp[—(kt)"] (2.24)
Henderson and Pabis mode MR = a exp(—kt) (2.25)
Wang and Singh model MR =1+at+ bt2 (2.26)
Fludu

1o a,bn tazk A9 AINAD

t Ao 1naLh

d &’ ° (%
2.3 vn‘nﬁm?JiwugmmWJUm‘m‘uwﬁﬂmﬂﬂ

i &
2.3.1 AMANVANNANNTU

2.3.1.1 ANNTY (FUBIA, 2540)

U dy = a 3’ d’d 1 dy g d' ~ % %
ATNNUTU  HUWYD ﬂimmmmummg“lummﬁﬂmamauﬂuuaamaaaﬁ@

Y
A Y

A d’l o ] Y A dy Y .
FUNTBUHI AN Gvuslmﬁﬂmmmum'lmﬂu 2 1YY A9 ANUFUUIATIIULN (dry-basis)
a Yo a 4 Y = ' Y o 42/
“LlfJiJGl"IfﬂuSluﬂﬁ’JLﬂiW’Viﬂi%‘]J’Juﬂﬁ@"ULL‘HW]NVIi]‘]elj;] N2 IR NMSMUINTLAINTY
d‘ [ Y S d‘ A A d' 1 9 dy
FHBINUIAVDNIAALIICNUAT ANNHITDNDUAINTEUINNITOULUNI  LUAZANUTUNINTTIU

{lon (wet-basis) Faon 15 lurmsmlaeia q lhzdnlugdvewlesidud
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Yahya et al. (2010) 1@¥1n15AnyINAVEIMTANATITHONTLINY 2-acetyl-1-
pyrroline (2AP) mﬂslummff 2975 supercritical carbon dioxide extraction ﬁ’qmﬂg i SOOC RPN
@ | ) I @ o o v A
fu 20 MPa 1 unan 2 12 1us Taeldenauiudiiazats uay lashmsSeuiieuiuisas

o . ' v 9 aa . . . . 9
aNALYLD soxhlet extraction WU NITITNARNIYID supercritical carbon dioxide extraction Tn3ow
azwa'lﬁ'(% yield) UDIN1TNONTLIVY 2AP WINNIMITANALUY soxhlet extraction
y P a v o o
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Taeld supercritical carbon dioxide fluid 1SeuivuduMsanaALDUAUAN WU 3551
AMsanauUD supercritical carbon dioxide fluid Hlsz@nTnngauazilaoaderedanindon
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Whazaehlgae asueulasen lud iilesan liliensandazazain
Paramita Bhattacharjee et al. (2005) 1ddnuimsanaans 2-acetyl-1-pyrroline

(2AP) Tulnededs supercritical carbon dioxide extraction Nan1EAg d WU AN1IEN
mmzauigalumsanaas 24P AeRan17z AUAN 450 bar garindl 60 °C 1781 3 92 Tua
A A o ' v Y = = ' v Y aa
iesnniannzainanliina ldvesans 2AP 949 7.16 ppm FaU1ANIMTANAAIBIT solvent

extraction ‘H?@ Likens—Nickerson extraction
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a I~ o @ Aa a J a a 4
gaungil 60°C (Huna 30 w1 udni l)anade33 soxhlet naziinsizilsualaoifune
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3.1 gAY
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Nuae (Pandanus amaryvilifolius Roxb.) 1% luminaass Fennnainda
wa o.malng v.dewar ndwihanudazein uazruldiviadszans 1x1 em’ nagm

mm%uﬁuéfwmmmgm AOAC (1995)
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aszneui 3.1 lumendraiianuazeia () wazluriuvuiailszunas 1x1 em” (V)
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3.2 Qilﬂﬁﬂ!!!ﬁ%!ﬂi@ﬂ?»l@

4 @ a da @ @ {
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n  Heswuduiugunsefmfeung 50X100X25 eam’ Aefuiniesia
qmwgﬁ (data logger) AUAZIDYA +1°C

%) Waau 80 Daichi &1 200 W

3 19399ANUToU (heater) 1UUATY 13znoUdIBUAaIAR LYo 1T

189 1 kW 311491 3 @2 D1AD VTS YUIA 46X94 cm’ §11U 1 919

A Y [ A =~ = A
3.2.2 1T VLIV UD A mmwﬂizﬂauw 33 IﬂEJJJiRJaZL’OEJﬂ"UENmi@Q

@

Y o A
DULUNIANIU

{ { o
) HoI0UUHITUNTIFMABLVUIN  61X48X53  cm’  1A8lmnNos

L1

[

TuitlasenunIoniuiindoyadynanial (data logger, Yogokawa model FX100) A21M
= o

azden £1°C

2) UN9TIFOUNTUTARIAG 500 W 311U 3 1Ng

A o 9 a v Y]

3) 1AT9IMANUTOU (heater) HUUASY 15ENOUAIBUARINAINT DU
Toldhdds 1 kW 1101 3 1

4) WAl 810 Daichi $189 200 W 0.5 115931

5) ﬂ1ﬂﬂ’]JLL13iI\1 YUIA 41.5X47.5 cm2 NUIM 1019

- Drying chamber

— Electric heater
|

a A v
ﬂ1W‘]J§$ﬂ'(‘T].|°n 3.3 ATV UUUILVVDIN
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A 9 Y o 9 ' Y 9 v Aa
3.2.3 in5esouuianuyldndsnuanuiousn ldun aufou sadounsusa
9 1 v v Aaa [ d‘ a = d' Y o dy
wazaudeuswiusIddursusa danmlszaeun 3.4 TaglissazdenvueunTvaoULTIRA
{ { s
1) Hesouuieginssdivasuuina  60X80X158.5 cm’ Inelimos

[

Tuitladenuniosiuiindoyadyaaial (Yogokawa, model FX100) Auaziden +1°C
2) 1AT9IMIANU30U (heater) YUIA 1,000 W $1UIU 10 672
3)  ungsIaouNsUIANIAT 500 W 3119 3 14N9 119 I UUIvUIUA L
D10 UUHILAZH NN IARO DR 0.12 m
[ [ a o
4)  URITUANUTOUNNNAINUUEIDINAEY YUIA 32.5X133X240 cm’
NAINYUID Y 14 DIAN AVUUITEAY
o |
5)  DIABUUTITUAUATVUIA 44XT70X5 cm’ 91U 3 91a (3C 13U
' IS A IS A
219819 3B 1ua199 2 uag 3A 1Wun1an 3)
@ a @ Y Y [ o
6) aan VluwauuuTAatuuia 1 hp 11U 1 a9

] [ 1 4 o 1
7) 1/]@’01ﬂ1ﬁhlﬁaﬂﬁﬂ summﬁ'umugruaﬂan 10 cm 9TUIU 2 ND

Solar collector

Drying room .

MNY52noUN 3.4 1ATDIDVURIVVWEINUANYSTDUT I (Tirawanichakul ez al., 2008)
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A a v '
324 Lﬂi’ﬂ\i’ﬂﬂ‘llﬂﬂinw 8110 DAEWOO U KOR-63D7

4 [ % aa 1w o v a
3.2.5 10509 AuazTuiing w1l 8o YOKOKAWA aenumes luauilayia

U

A o A 9 ] A Y a =
K LWﬂjﬂqmﬂﬁﬂﬂ'lﬂslu@lﬂULlﬂq Qmﬂ@julnﬂa@u Llazqmﬂ{]ﬂﬂﬁztﬂ’]glﬂﬂﬂ
Y

3.2.6 195095011 M1IN B0 A&D 1 GF 3000 AIANAZIB8A 0.01 g
3.2.7195043AA M5 201 T¥o DIGICON U DA-45 ANMAZIBEA £0.01 m/s
d A Ia 4 =

3.2.9 nestilen1saliles anuaz®en £0.05 mm

3.2.10 vaa TnaudWaaiin vua 2 aas Huruenesedlddwiiedlesiumssziiia

a A o Yo Y a o ¥y A o '
YoseTazaleniooNAazamsnlgnudouguvgi 40-100°C 14 iveiiminaasemia
ANNTUANAA

¢ A Y Y 1A s

3.2.11 gUnsalnieauia 1dun Snnesuuia 100 ml uag 250 ml

3.2.121A509IAT 10 Hunter Lab 31 JP7100 1985211 CIELAB

3.2.13 1A309UA 19#1 80 Phillips 314 RH2011

3.2.14 IAT09ANA Supercritical fluid extractor (SFT, 150/250 SFE)

3.2.15 1A509 FTIR Spectrometer (Perkin-Elmer, Model 1600)

3.2.16 §ov v 8o Memmert

MNs52neuN 3.6 tAT89 FTIR spectrometer

(N : http://www.perkinelmer.com)
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3.3 M5iai

3.3.1 Sodium chloride (A.R. grade, Ajax Finechem, New Zealand)

3.3.2 Lithium chloride (A.R. grade, Ajax Finechem, New Zealand)

3.3.3 Magnesium Chloride Hexahydrate (Riedel-dehaen, Gernamy)

3.3.4 Magnesium nitrate hexahydrate (A.R. grade, Ajax Finechem, New
Zealand)

3.3.5 Ammonium sulfate (Fluka Analytical, Gernamy)

3.3.6 Potassium nitrate (A.R. grade, J.T. baker, USA)
3.4 35M5398
1 I 5 [ dy
Llﬂiﬂﬂﬂlﬂu‘llu@@u ANU

3.4.1 fAnMIMAVRINNUTUANAA

Y 4
a v o J
ﬂ'liﬂ'lﬂ')'lﬂ%l!ﬁﬂ@]‘ﬁﬁ]%ﬂ'JUﬂll'ﬂqmﬁaﬂlla$ﬂ31M°§UﬁMWﬂﬁm@ﬁ@1ﬂ1ﬁll')ﬂ'gﬂu

Taaf msmwaugungiinldlaslddeu luihitime s Tuaamiludniuaumsieves

LY

dy v o Y

yaaaa i druanusuduinivesenenadeuniuan1d lnen1s 1¥aisazaronaoauda
o4 LiCl, NaCl, KNO,, MgCL.6H,0 uaz Mg(NO,),.6H,0 Tagialiazussyaisazarenao
Ao Y < v v o 2 = v
aum luwaudivuman udnededislume e 1X1 cm’ 1M90uazuNse Fayau 13
A A Q' [ a Y ] d' v U 1
wilemsazmeinaeoudd  Uarhwaaliiniy ietlesdumsaemuiaszrinemaniely
Y Y
auazmouenyia nniuIni lldludeulurqungii 40-65°c Nal3lMidhdaugauas
4 4
1 v o
WANNTUAUAAAIWIATTIY AOAC  (1995) lasmnnududuins iloa1sazaenao

@

DUAINGUNYUAI 9] HAAIAIAITIN 2.3

3.4.2 AnIMIBUIRI LIAA IBNEINUANNTOUM

1) hluwenasiianuazea vazyiulumeldivnalszua 1X1 em” 11
o Y d‘ 1 [ dy
MMIVUHINTNIZAN ) AT

A Y 9 o A <
AN1ITN 1 BULNIAWNAINULAIDINGY (solar)

a

{ @ a Jd [
ANNIEN 2 BUTIAWNEINULAIDINAITINAVANT DU (solar+HA) UN YN

LY

v ' A ] A v o A <
@ULL’I’NG],L!"B'N 45-65°C Iﬂﬂ’dﬂTJz‘ﬂ 1 uag 2 9UUNIAYATOND VUUINAINULTIDINGY

(mMunsgneu 3.2)
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anzh 3 suurtaadeaanluTasmn (Mw) fdevedlulasn 472, 584 uay
704 W
A Y A ' o 9 &
annzi 4 suuradeaan lulasnvsiwduanseuuuuaeituney (MW,
& Y o o 2 A o A
HA) Tagvuasuusnoudleidvedlulas 472 w Wlunar 3 i vazduneunass
puniadiganseudregunglounialusig 45-65°C
d‘ Yy 9 d‘ 1 v o AAa 3
angh 5 euurmedrenau lulasnnswdus@dunsusauU A I UNDY
3 kY o | =1 3 A
(MW, IR) Tagduasuusnoualenidavedlulasny 472 withunal 3 i vazduasuinasa
pUNHIRawe @I uTA 500 1Az 1,000 W gungiieunialugie 45-65°C
A Y v A A )
#0129 3-5 ouuitaanani ey Iy Insvl wazinTeseuiauuunIe
2 2 4
Tudupounaos (mmilsenoun 3.3)

A Y 9 v a v '
ANNITN 6 DULHINWWAUTOU (HA) QQAWQNGULLTNG],NGH'N 45-65°C

v
=1

Yy 9 v Aaa o w a ]
annzi 7 euudedlesed@durlsusa (R) Mawewunsusalusn 500-
1,500 W gangiiouualumgie 45-65°C
A Y v Y ' v o AAa o w
anmzl 8 eunRIAITaNFouTWADTI@IUNI ISR  (HAHIR) fideves

BuM 1A 500 1az1,000 W gairigiie uuialusig 45-65°C

v
=1

Y A Y v o 9 '
AANIEN 6-8  BUUMIAINATBIDULITIAIENAINUANNT DU
(mMnsgneu 3.4)
Y
TagivuanNUFUgANI8YBINNTN1ILNITNAADI1UT 8-12% dry-basis
v
() Tuiinwamsnaaes laun minlume gugiinsznhezitlen nsznhguis
a Y Y 9
uaz guvglouniineludesouuia
(3) TunnlSuandanunleddre Watt-hour meter
Y 0 Y
(4) MAMFUTUAULAZANNFUGATIEAWLIATTIU AOAC (1995)

ABMIMAWINNINTFIUUDL Association of Official Agricultural Chemists

[l
= a

(AOAC, 1995) 1¥miseuludey hguugi 103:2°C Wunar 72-96 $2Tu WeasuM
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o Y o Y Y a J < 1w a g Y R o w
ﬂTI’iLlﬂL'JﬁHLa’JL!WJFJﬂ"lﬂﬂ&f]ﬁ]‘l_lull]’N\ﬂ’)slum%!,ﬂmﬂiﬁJULEJu!,‘VHﬂUQEHWﬂllWEN HAIWUTITR

U

' ' £
A = ad IS

' Y Y E4 Y
Tgaihmin Tasdeiniminvesigairiunseunguugiiuwduuiminude 9t

q QU

Y
hldnamanudsuanuaums

W d 100 W30 M =w—d

w

x100

w

Y
. D AnNFUNIATTIMNAN, % dry-basis
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W An  waurauazii, kg

3.5 ﬂ1i‘ﬂﬂﬁi’)‘l]f’l€l!ﬂ1‘l/‘l"ll?)ﬂ'l]lﬂﬂﬂ1ﬂﬂﬁﬂﬂ1i®ﬂ!!ﬁﬁ
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3.6.1.1 QUG

Yy o a o & Y A o a
mimﬁammmwmqmuamaawamﬂmmslummeamimm’dmmi

51

a9
grio
L

1 o 1 a [ L @ 1
Hunter Lab 31 JP7100 Jamidvoswansaan lumelumanvuesdnls L*, a* uag b* Tagan L*

(lightness parameter) LAAIAIAINE I A a* (redness parameter) LAAIAIALAINT 0T V87 LA

v
A1 b* (yellowness parameter) LAAIMAIHADMT oAU nouIadvesdiedraliinmsaeu

Y
1R (calibrate) AIWUAUTUINIATTIU ( L*=96.98, a*=0.03, b*=1.84 ) uAazA106193A 3 1

o w 1 a o o 1 1 o 3 o %
Tagrdg 1 aNanf s Mo UFINada ULd o uAerad1nTY 391N Ia

o 1 A = 1 aA Y < '
sagAnnammaasulasesdlass  mandang iy (we) taz Awdanny

¢4 o 4 o o
UTYNTUBIA (chroma) AIAUAITN (3.1) - (3.3) MUA1AY

% % % % % %
AE=\/(L0 —Lp)? + @y —ap)? + by —bp)?

*

. 4l b
h° =tan™'| =
a

C*= \/a*2 +b*2

4 .
Wwe L,

Y v v
1MW) NENSUAY  auday

(3.1)

(3.2)

(3.3)

* * A U U = A = = A A
a, ag b, A9 AANUAIN, AUA (HIOLIVYI) LA dL1iao (M50

v
L., a; uaz b, Ao MANNAN, TUAIMTONI) nazdiae (e

9Y) ‘ﬁﬁmazqﬂﬁ’m AR

A U 1 = A = = A A g’
L*, a* 118 b* A9 ANMNNUAIN, THAI(MTDVYD) LAagTrand (15U

=) d‘ o 4
[u) Nganela q awany

AE Ao amsiasunilasd Taes
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A < =
Ao manysng i (nad)

A A a = . S
C* D AINUAAIANNUITENT (purity) VI

3.5.1.2 MSHAMN (shrinkage)
Y
TumsnaaoUMINAGIZIANIIAIUN NAAZA U EIAIBNINDULALHAINIT
o 4 Ja 4 [ 1 2,’ I 1
Mldudadne nesiiisasalinles anwazidea 10.05 mm Taglddivg1aiaviua 10 §10614

Tunsazmsda aammalsznou 3.7 udnhanmuiaauaumsn (3.4)

e |

4 [ @ a o J
ﬂ1W1J§$ﬂi’)‘].|ﬁ 3.7 MIIANTHARIVDIHANN U LAY

. L. —L

%Shrinkage = —nitial__—final 1) (3.4)
initial

A A A Ao P o ]

oL, uay L. Ao aAnwerundevesluneiia ldneunaz naseuuna

ANAIAY

3513 msﬁué‘h (rehydration)

A o Yan A o Sy A a o_. &
NITNATDUNITAUND 1%3ﬁﬂ13ﬂu@31uu15@u‘ﬂqmwau 90i3 C Lﬂuna1 10

Y E4
LY v A

= IS)
W Tagldunouail

' k4
@

1. suhmiindagouudeminimsnaden
' Y [
2. hluaseuudeinaaeuldaslihdoungungilszum 9o +
o Y & ~
3°C Taglgszeznanlumsnageunanua 10 W1

3. AuAIMIAUAEIANNAUNTH (3.5)

% Re hydration = We =Wy X

d

100 3.5)
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3.5.2 gaUMNMIaAil

3.5.2.1 MINATBVANAET1ONIZHEIALIB supercritical fluid extraction
.. . . I, o = o Yo o
supercritical fluid extraction 1uAF s euansanannayy lns Ineldaasi
A & @ @ A A 1 a v A g a aa
azaeENeIn  FeazedenanmInmM  leaseglugargiuazanuauiiilugaingndein
= . ~ wa < S Ny A © Y
(critical point) vHAuanTATuMIFURILYR WA AmTounna tazasnazaeas 1
A = 7o o o v d I A o o a A A
milouveunal Wannsodizgnadmsumsanaas lailusdnd Aniazatsingateai
Yo A A 7 Ia 2 .. .. =2
”lmummau%mﬂ%qme mimu”lmeﬂvlcﬁmmmwm (supercritical carbon dioxide) 4
o o A o a I~ o .
MNTANANAN1IZAIWAY 450 bar gl 60°C 1lua1 3 ¥2Tue (Paramita er al., 2005)

v v ¥
Tasluwenimaiaiuszdesualiazdeanuiunidranioswa lnih

d Jdo (Y]
3.5.2.2 MyIRNHHYINTUYeIMNsanaaIy Fourier transform infrared
spectrometer (FT-IR)
~ c?: a d o dﬁl . .
TagldunoumMsuATIZH A9l (Silverstein ef al., 1991)
1. N5 Calibrate ANUB1IAAY
®1Ms Calibrate ANVEIAAUNNAITVIATT M IHU LAY film VDI
: A dwwy A A o ,
polystyrene  ttazasnaoumnNUeInaUnIa ldnnnTeulssuisuiuamasgie mIm
. . A q v A Aq Y o Aq ¥ o A Y
calibration 10 1¥N51U71AT 84 FT-IR N15Nszuumsinaunlamsianisganaunaigndes
= % U A g . . .
2. MIAseuaTA0e19 N u liquid t4a¥ solution
2.1 neat liquid
) [ d‘d A 1 o) =
AvsUveIHAINLIAPBAZINI  100°C  MISATENAS
f19619 1ABN15HEA Neat liquid UMLKY Infrared-transmitting window 11a21/52nUA8 window
= 1 zé 1 3 Y 9 [ o Y a 1 3 =
DOUAUNTY NALN U UIA8NY i 1ina film ¥u1lszana 0.01 mm UHUTIEDIIZEA
R Capillary action
2.2 sealed liquid cell
) [ o 1 d‘d = O' 1 O A 1
AmsumIdtedanigadeadInd  100°C  w3oedlugll

a158za10 9219 sealed liquid cell N15U559a 15 Ine 1y syringe Anud1q liquid cell tazlarog
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] Aa o 1 I { . . . .
Tdesaenaaan Taesansdesaenadluasazareia3enn liquid, solid, #1350 dissolved
gas 1AM 1192149 solution cell Felinnumudszanal 0.1-1 mm ANMTUTY 0.05-10%

= o 1 A g <
3. MSATENE15A 0819 UV UV
3.1 pellet (pressed disk)
{ a &Y
TasuANENAITNABINITAATIEHAY KBr U smooth agate
Y o v Y A o qug I v o .
motar 118211110AMBIAT 090 A I T uuHuIwas ld A2e153A1 10,000 — 15,000 psi THAN1IZ
AYINA
3.2 Mull
3oulABUATIT 2-5 mg M smooth agate motar LAZIAN
. Y Y o AY YA < 1 o 9
mulling agent 1-2 woa wazualidnu sumanldivwaanil 2 um Mldawnsoaans
a v Ay Y @ 1 Y Y o 1
n5139v092d 14 Tun1siaezld mull DU salt plate 1azd3eAUAIY salt plate 1Ha13AI0E1S
[~ 1 o o
Wuruug 9 uagihmsia
4, TJunn FT-IR spectrum VBIA5AIDY1 G],"lg; software spectrum lite %38

Tumsqiia (peak) vouwazauilansy

3.5.3 MsnaaevanyaeMelszaMTUNa (sensory evaluation)

° Y v W Yan ° Ay ¥
mmsnageunamulszamduda Tasldis une. Tasnisiirlumen ldun
nagauNua sz mduiasannsananyazve lumes LU aRYAEE NAY TAFIAN
9 Ja Y Y .
M3 azANure Taes i Tagloiay 10-15 Ay nddIMAz U LAY (hedonic scale) 1-9

azuuu (1= hiveuiniga uag 9 = ¥ouaniga)

d aa
3.6 MIAUATIZHNE A

{ o a o [ v A aa
HAN1INAADIN 11N NI 12H lage W oA N X INITNNADAUDINBINN
= 9 [ 9 a 4
NMIMENMW Mmaadl taznnnulseamduna Tagldmsuaneianuulsdsin (ANOVA)
a Jdo .. . . .
Mo Tisunsuneuiunes dusezil SPSS (Statistical Package for the Social Sciences), version
12 tazfTeuneuANUEANANYDIA URAITEHINYANIINAADI1AY Duncan’s multiple-range

test HFANMTAUIAINTEAVANUFDIY 95% (p<0.05)
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o a 4 a o a 4 Ao o
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Name of model Model Constant of model R RMSE

RH \B A=0.1377
Oswin (1946) M=A (—) 0.7779 | 0.0528

1-RH B=0.5003

1 A=-1.1190
Modified Oswin RH=—T
A+BT B=0.0038 0.9672 | 0.0203
(1946) v ) !

€4 C=0.5847

Handerson B A=0.0300
l-RH:exp(-ATMeq) 0.7444 | 0.0566

(1952) B=1.3903

A=207.6740
Modified
RH=1-expl-A(T+B)MS] | B=-292.1088 0.9373 | 0.0280
Henderson (1952)
C=1.0992
BET
RH 1 (C-1)RH | M_=14694-0.0050T

(Brunauer et al., In + 0.9875 | 0.0125

1938)

(I-RHM,, M,C  M,C

C=-0.3715-0.0025T

Fi J
WUOIMG : A, B, C uag M_ A0 A1n3d0; Meqﬁa MANUFUTUAD (ABAIUNIATFIUUR); RH Ao ANNTU

v o J 1 A a o
AUNNTUDIDINIA (Y TIU); T N QUUINANIYTWU (K)

Y
TagA A1 RMSE (Root mean square error) 9NGUNTAL

(Data

I Mz

predicted,i

Data

) 2
exp eriment ,1

RMSE =
N

A A o v &
U] N A9 NTUIUVDYANINNA
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[ Experiment

50

[ Experiment

0 e Oswin'smodel | |eeeeseens Oswin's model
40 - = — — Modified Oswin's model 40 = = = Modified Oswin's model
= . = Henderson's model / e . = Henderson's model ;
30 = . + Modified Henderson's modei(" 30 A —— . . Modified Henderson's moﬂiﬁf
20 BET 's model /' 20 - BET's model /
10 10
0 T T T T 1 0 T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100
Relative Humidity (%) Relative Humidity (%)
o o
(M) 40°C (v) 45
[ Experiment [ Experiment
50
50 9 e, Oswin's model || | eeeeeeeen Oswin's model
40 = = = Modified Oswin's model 40 = = = Modified Oswin's model
= . = Henderson's model = . = Henderson's model
30 = . « Modified Henderson's model, 30 = . . Modified Henderson's mo &
20 20 BET 's model ./’ Y
10 10
0 T T T T 1 0 T T T T 1
20 40 60 80 100 0 20 40 60 80 100
Relative Humidity (%) Relative Humidity (%)
(M) 50°C (N) 55°C
®  Experiment ®  Experiment
50 ... Oswin's model 50 o Oswin's model
40 = = = Modified Oswin's model ° 40 4= == Modified Oswin's model
—— . = Henderson's model = - = Henderson's model
30 = . « Modified Henderson's 2’1 / 30— -+ Modified Hendersoorjp /
, s BET 's model
BET del . . P
20 's mode . ,‘(‘ 20 ____/'
10 10 - -
oo ». -
0 T T T T 1 0 T T T 1
0 20 40 60 80 100 0 20 40 60 80 100

Relative Humidity (%)

Relative Humidity (%)

(@) 60°C

() 65°C
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a J Y 1A 9 A oz 2 A
UENDINAY (solar) HAZANTOU WUN mmﬂummmiaﬂawmmmqsmiasuumeqmwm

U
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1.0 &  Solar

—-@--SolartHA, 45.6°C

0.8

—8— Solar+HA, 56.3°C

*

06 1 —3¥%— Solar+HA, 65.0°C
04 -

* *

<
02 -~ *
\..

OO I I I 1

0 1 2 3 4 5 6 7
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§ [ ] 4 @ 1 kg [

ANUTEABUN 4.4 uaaIANUTURUTYITAT1EIUANUTUA LA TUNT
) v A Vo P o M o v
aualumedlenau luTasnwsuiuandounvuaosiuney TastuaouunsniINITo UL

4 § (] U d z § o
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—— MW (472 W 3 min),

1.0 =
IR (1,000 W) 45.2°C
0.8 -
-=%=-MW (472 W 3 min),
0.6 IR (1,000 W) 53.0°C
04 - \ XX . MW (472 W 3 min),
\A x o
N ¥ IR (1,000 W) 65.6°C
02 - \.
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OO T T 1
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Drying time (h)
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Name of model Parameter R RMSE X
Solar + HA

Newton k=-13.375+0.045T 0.9944 0.0242 0.0006
k=-12.774+0.043T

Page 0.9946 0.0238 0.0006
n=0.976
k=-13.479+0.045T

Henderson and Pabis 0.9944 0.0242 0.0006
2=0.999
k=-13.646+0.046T

Logarithmic 0.9932 0.0238 0.0006
a=1.317 ¢=0.011
k,=0.090+0.004T

Two term k,=-5.822+0.0219T 0.9950 0.0229 0.0006
a=-1.487 b=2.478
k=-19.229+0.062T

Logistic 0.9314 0.0848 0.0079
a=1.047

MW

Newton k=0.037P 0.9379 0.0877 0.0085
k=0.108P

Page 0.9538 0.0757 0.0063
n=1.358
k=0.039P

Henderson and Pabis 0.9437 0.0836 0.0077
a=1.063
k=0.027P

Logarithmic 0.9932 0.0478 0.0025
a=1.249 ¢=-0.339
k,=0.039P

Two term k,=0.039P 0.9437 0.0836 0.0077
a=0.531 b=0.531
k=0.006P

Logistic 0.8189 0.1498 0.0247
a=1.018

wineme ;< vneae nuuiiaesiidenld ; T Ae gumgienuds (); P de Midwedlulasianl (w)
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Name of model Parameter R’ RMSE Xz
MW (472 W 3 min) + HA

Newton k=-7.282+0.029T 0.9792 0.0432 0.0020
k=1.104+0.004T

Page 0.9783 0.0441 0.0021
n=1.170
k=-7.577+0.030T

Henderson and Pabis 0.9809 0.0414 0.0018
a=1.034
k=-2.023+0.010T

Logarithmic 0.9932 0.0242 0.0006
a=1.317 ¢=-0.339
k,=0.093+0.007T

Two term k,=0.093+0.007T 0.9739 0.0484 0.0025
a=0.516 b=0.516
k=-3.347+0.015T

Logistic 0.8957 0.0969 0.0101
a=1.083

MW (472 W 3 min) + IR

Newton k=-42.114+0.139T 0.9839 0.0381 0.0016
k=-12.254+0.046T

Page 0.948 0.0685 0.0051
n=0.872
k=-42.703+0.141T

Henderson and Pabis 0.9841 0.0379 0.0016
a=1.011
k=-36.055+0.119T

Logarithmic 0.9875 0.0359 0.0014
a=1.050 ¢=-0.053
k,=1.145+1.614T

Two term k,=-10.120+0.039T 0.9372 0.0752 0.0062
a=0.059 b=0.941

Logistic k=-18.502+0.063T

0.9204 0.0847 0.0079

a=1.065

nyne ;-

= o A ] A a Y
” NN LLUU%W@EN‘VIL@E]ﬂnl“H ;TR QUNHUOULNN (K)

68



M9 4.2 (A9) JUnVVANMSIOUNI AaLAzAINIAIVEI luRED DU INAN1IZMIA1N 9

2

2

Name of model Parameter R RMSE X
HA

Newton k=-21.951+0.073T 0.9922 0.0289 0.0009
k=-24.516+0.081T

Page 0.9945 0.0242 0.0006
n=1.103
k=-22.175+0.073T

Henderson and Pabis 0.9924 0.0284 0.0008
a=1.014
k=-19.086+0.063T

Logarithmic 0.9955 0.0216 0.0005
a=1.055 ¢=-0.057
k,=-38.111+40.125T

Two term k,=-24.152+0.112T 0.9950 0.0232 0.0006
a=-5.089 b=6.081
k=-13.577+0.045T

Logistic 0.9157 0.0948 0.0096
a=1.057

IR (500 W)

Newton k=-8.2445+0.027T 0.9572 0.0693 0.0052
k=-0.032+0.002T

Page 0.9945 0.1173 0.0149
n=1.128
k=-9.309-+0.030T

Henderson and Pabis 0.9640 0.0623 0.0042
a=1.077
k=-3.685+0.012T

Logarithmic 0.9964 0.0181 0.0004
a=1.685 ¢=-0.675
k =-18.965+0.062T

Two term k,=-15.173+0.049T 0.9879 0.0369 0.0015
a=-3.679 b=4.637
k=-19.642+0.060T

Logistic 0.8643 0.1225 0.0162

a=1.093

nyne ;-

= o A A ] A a 9
” RN Lmumammaaﬂ% ;TR QUNHUOULNN (K)
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2

2

Name of model Parameter R RMSE X
IR (1,000 W)

Newton k=-15.126+0.049T 0.9665 0.0616 0.0041
k=-15.334+0.049T

Page 0.9816 0.0456 0.0023
n=1.263
k=-15.041+0.048T

Henderson and Pabis 0.9640 0.0556 0.0034
a=1.059
k=-8.690+0.028T

Logarithmic 0.9863 0.0386 0.0016
a=1.315 ¢=-0.299
k,=-2.998+0.001T

Two term k,=-11.299+0.036T 0.9772 0.0502 0.0027
a=-0.396 b=1.445
k=-19.534+0.060T

Logistic 0.8925 0.1095 0.0130
a=1.085

IR (1,500 W)

Newton k=-12.506+0.041T 0.9724 0.0545 0.0031
k=-12.873+0.042T

Page 0.9903 0.0307 0.0010
n=1.273
k=-13.088+0.043T

Henderson and Pabis 0.9764 0.0504 0.0027
a=1.060
k=-7.971+0.026T

Logarithmic 0.9904 0.0257 0.0007
a=1.220 ¢=-0.205
k,=11.586+0.034T

Two term k,=-13.781+0.044T 0.9875 0.0374 0.0015
a=-0.004 b=1.035

Logistic k=0.680-0.001T

0.7874 0.1501 0.0239
a=1.103
Wnee ¢ 7 vined nuusiaesiidenld s T A aumaienuds (K)

70



M9 4.2 (A9) JUnVVANMSIOUNI AaLAzAINIAIVEI luRED DU INAN1IZMIA1N 9

2

2

Name of model Parameter R RMSE X
HA+IR (500 W)

Newton k=-19.787+0.066T 0.9943 0.0215 0.0005
k=-19.309+0.064T

Page 0.9944 0.0215 0.0005
n=0.982
k=-19.557+0.065T

Henderson and Pabis 0.9945 0.0211 0.0004
a=0.987
k=-18.716+0.062T

Logarithmic 0.9950 0.0198 0.0004
a=0.998 ¢=-0.018
k,=-0.610+0.006T

Two term k,=-2.637+0.012T 0.9966 | 0.0161 | 0.0003
a=-6.454 b=7.433
k=-18.862+0.062T

Logistic 0.9234 0.0885 0.0085
a=1.048

HA-+IR (1,000 W)

Newton k=-22.571+0.074T 0.9771 0.0484 0.0026
k=-0.035+0.005T

Page 0.8939 0.1042 0.0121
n=0.935
k=0.724+(1.59X10"T)

Henderson and Pabis 0.9778 0.0477 0.0025
a=0.987
k=-17.856+0.059T

Logarithmic 0.9875 0.0349 0.0014
a=1.121 ¢=-0.121
k,=-25.195+0.083T

Two term k,=-25.525+0.108T 0.9807 | 0.0444 | 0.0022
a=1.131 b=-0.135

Logistic k=-14.559+0.048T

0.8955 0.1035 0.0119
a=1.049
WNome 7 inede susiaesiidenld s T fe aamaieuuite (K)
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Drying | Diffusivity
Activation | Diffusivity,
temp. constant,
Source energy, E, D R’ RMSE
DO
(°C) (m’s) | (ki/kmol) | (x10""ms)
Solar + HA 45.6-65.0 | 2.73x107 | 34,787.40 | 1.35-2.72 | 0.9912 | 0.0524
MW (472 W 3min), o
45.1-64.5 | 2.50X10 31,744.79 | 2.95-3.81 | 0.9901 | 0.0105
HA (2 stage)
MW (472W 3 min), %
45.2-65.6 | 547X10 | 37,867.62 | 3.34-7.91 | 0.9996 | 0.0303
IR (1,000 W) (2 stage)
HA 44.5-64.6 | 9.42x10" 39,436.58 1.79-3.96 | 0.9565 | 0.1910
IR (500 W) 46.5-652 | 1.52x10° 44,849.35 | 0.55-1.24 | 0.9998 | 0.0043
IR (1,000 W) 45.6-62.1 | 2.27x10° 47,605.62 | 0.54-1.79 | 0.9938 | 0.0431
IR (1,500 W) 44.2-62.7 | 438x10° | 36,347.86 | 0.64-1.73 | 0.9817 | 0.0621
HA+IR (500 W) 44.7-64.0 | 1.58x10° 36,347.86 | 1.68-3.69 | 0.9942 | 0.0639
HA+IR (1,000 W) 44.9-63.8 | 1.76x10" 31,809.05 1.57-4.30 | 0.9785 | 0.1661
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Drying | Drying Drying rate
SEC
Source temp. time (kg/h)

(°cO) (h) average | maximum | (MJ/kg of water evap.)
Solar 325 6.83 0.0060 0.0186

45.6 3.17 0.0307 0.0957 25.58
Solar + HA 56.3 2.67 0.0466 0.1779 23.70

65.0 2.00 0.0453 0.1134 26.54
MW 472 W - 0.15 0.1482 0.2874 8.10
MW 584 W - 0.12 0.2177 0.4302 7.09
MW 704 W - 0.05 0.3795 0.6096 5.69

45.1 1.17 0.0339 0.0572 21.82
MW (472 W 3 min),

55.7 1.08 0.0339 0.0786 18.79
HA (2 stage)

64.5 0.92 0.0255 0.0545 20.17
MW (472 W 3 min), 45.2 1.08 0.0254 0.0516 14.93
IR (1,000 W) 53.0 0.92 0.0243 0.0489 13.76
(2 stage) 65.6 0.58 0.0234 0.0338 11.17

44.5 3.25 0.0933 0.2269 14.37
HA 54.7 1.50 0.1759 0.4551 11.37

64.6 1.25 0.2093 0.4943 8.33

46.5 6.00 0.0422 0.0729 10.17
IR (500 W) 56.2 3.00 0.0863 0.1079 9.16

65.2 2.42 0.1103 0.1869 10.17

45.6 5.50 0.0560 0.0766 8.91
IR (1,000 W) 53.9 3.33 0.1310 0.1954 8.97

62.1 2.00 0.1208 0.2318 8.61
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v 2
M3197 4.4 (99) AT IMID UL AAzAMANUFUIABINGINUT UL

Drying Drying Drying rate
SEC
Source temp. time (kg/h)
(°cO) (h) average | maximum | (MJ/kg of water evap.)
44.2 5.33 0.0482 0.0950 10.03
IR (1,500 W) 56.4 3.17 0.0892 0.1402 8.72
62.7 2.25 0.1103 0.2366 6.71
44.7 3.33 0.0924 0.3368 16.33
HA+IR (500 W) 53.9 2.42 0.1215 0.4022 16.05
64.0 1.17 0.2282 0.5140 10.95
449 2.25 0.0766 0.1979 13.32
HA+IR (1,000 W) 52.7 1.75 0.1674 0.2985 11.90
63.8 1.25 0.1918 0.5221 9.27

' v
flﬂﬂ@ﬂiNﬁ 4.4 Llﬁ'ﬂiﬂwﬁiinﬂi6ULLﬁQLLﬁ$ﬂ1ﬂ'J13JﬁULﬂﬁ@QW5\1\111!51!,1/‘!1&’
' £ Y & o v vy o Y A
NUN ﬂ'li@‘]JLL’I’NGthﬂﬂ'JfJﬂﬁu‘llliﬂiL'J“I/‘IlI’E]@]i1ﬂ1i?J”]JL!.WQE;Nﬂ’Nﬂ’JEJW’dNTL!ﬂ’NiJiE]‘LJE)u 9
;’,’ dy 9 Y qs/’ 1 F z:y A (2 o 4.;
MU LW§1$15]5L’JEHGLUﬂ15E]‘]JLL°HQﬁu LLﬁ%ﬁQW’diﬁﬂWﬂ'ﬂNﬁUlﬂa@QWﬁ\?\TI“Hi]'ILWT%Gﬂ 1u
I v Y

v 3 ] @ a 1 o 1
ﬂJm%LaUﬂﬂuﬂWU'ﬂﬂWi@‘]Jl!,ﬁ}\ig‘llﬁﬂwﬁ\?\ﬂULLﬁQQWWIEJNﬂ@i1ﬂ1§ﬁ]ﬂllﬁﬂﬂ@u%}1\1@ﬂ Hagai

Yy A o o o 4 A ¥ v
mmﬁuLﬂamwaNmmLWWQQ TNu!,uEJQ’\HﬂﬂﬁiﬂfL’JﬁWE)‘lJLMWWﬂ

v t4
4.4 QuMNUBI NS AV DU
lumsneaesil lanaaeugunimuesfanierainmseunra laednuiileto Nl

HOABAMATNNIINENTN NIl taznamulszamduia

4.4.1 ﬂmﬂ11/‘l'ﬂ1ﬁﬂ1ﬂﬂ1w
=
441.1d
= o Y A o A \
ﬂ'li1/'|ﬂﬁ@UﬂEHﬂWWﬁGU@QTUL@EJﬂaQﬂ1§ﬂﬂllﬁﬁﬂﬁﬂlﬂﬁaﬂﬂﬂﬁ Hunter Lab qu
[ = Y @ d‘
JP7100 IG‘IfJ'JG‘Iﬂ'lﬁﬂ]@\’lslﬂmﬂll'ﬁfislulﬂ@Nﬂl@\?ﬁﬁllﬂi L*, a* g b* mmwu"lmuazﬁmazmi

v ' = ' v ' Aq Y Y A '
@ULLWQiuLL@ﬁ%ﬂim WU NISUIUNITDULHILUUAN 9 uazﬁnamslﬂumiauummam



=S d' 1 a9 1
aunmdvesluae maldeuuilasmdiives ediels

<3 o

&5

=) 4 d‘ 1
AauAwdsondulsnansausuen

Y

d' = A q‘ 1 q‘a Y =1 1 A A
msnlasuuilasdveslume Ao a* Tagna a* Maaauiuruednou lnedven

M3190 4.5 MAVe9 UReA 181 EINTOVUTIABANIIZAN 9

prying temp. L* a* b* AE h° C*
(O]
Fresh
- 30.42" -10.84° | 21.22" 0" -1.10° 23.83"
Solar
45.46" -6.90° | 15.20™ 16.67° | -1.14™ 16.69"
HA
445 3337 | -8.61' 19.58™% | 530® 116 | 21.38"
547 3461 | -9.99F | 2231° 5.02% 115 | 24.44°
64.6 37.93°" | -1038" |20.92™ 8.01° |-L11° 23.36™
IR (500 W)
46.5 37.10°% | -6.92° | 19.59™*% | 835" |-1.23" 20.78"
56.2 41.18™ | -828" | 18.68°" 11.96™ | -1.15"" | 2043
652 47.63" 839" | 19.69™" | 17.93" |-1.17"° | 21.41"
IR (1,000 W)
45.6 32.10°" -6.95° | 14.09" 7.99°" | -1.11° 15.71'
53.9 3525¢" | -5.66" | 14.67" 9.58¢"" | -1.20°® 15.72'
62.1 43.00abc | -7.68" | 19.90™*" | 13.48" |-1.20" 2133
IR (1,500 W)
442 3474 | -636" | 19.25°% 6.7defg | -1.25" 20.287
56.4 36.55°% | -7.39fg | 15.83ij 891" | -1.13* 17.47%"
62.7 4437 -7.87"" | 18.56" 1491° | -1.17°" | 20.16"
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e I CO I B VN O e
HA+IR (500 W)
44.7 30.41" -8.64' | 21.28" 251|118 | 22,97
53.9 37.69° | -837" | 21.05™ 8.17""  |-1.19*% | 22.66™
64.0 45.53" 492" | 15.22" 17.86" | -1.26" 16.00"
HAIR (1,000 W)
44.9 38.58° -6.97° | 16.60" 1035% | -1.17°" | 18.01°
527 37.69° | -837" | 21.05™ 8.17""  |[-1.19*% | 22.66™
63.8 45.54" 492" | 15.22" 17.87° | -1.26" 16.00"
MW
472 W 32.99"" 5367 | 19.39°°% | 646 | -1.30" 20.12°
584 W 3400 | -5.00" | 20.14™" | 7.24ef | -1.33" 20.75°
704 W 32.60"" -5.84™ | 19.44°® 598efg | -1.28" 20.31°
MW (472 W 3 min), HA
45.1 3295 -7.06°" | 19.38% | 506% | -1.22% | 2062
55.7 35437 | 811" | 18.83%" 6.50" | -1.16™° | 20.50"
64.5 3461 | 790" | 17.92* 632" |-1.16™ 19.59'
MW (472 W 3 min), IR (1,000 W)

452 3534 | -7.81™ | 20.37™ 634 | -1.20" | 21.82°°
53.0 35.98"" | 733 | 19.07°" 723" | -1.20% | 2045
65.6 3751 | -837" | 19.76™" | 8.06" |-1.177° | 21.46"
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Source Drying temp. (°C) %Shrinkage %Rehydration
Solar 32.5 14.56+0.97" 4.38+0.05
45.6 13.7140.61" 5.60+0.08"
Solar+HA 56.3 12.53+1.90™ 5.600.20"
65.0 10.720.89 " 5.61%0.03"
445 7.97+0.36" 4.77+0.30""
HA 547 9.94+0.47°" 5.30+0.28"
64.6 8.06+1.01° 5.20+0.52"
46.5 16.14+2.37" 3.710.01"
IR (500 W) 56.2 8.89+0.77"" 4.83+0.02°
65.2 11.38+1.97™ 5.3140.03"
45.6 9.86+0.66°"" 4.10+0.03*"
IR (1,000 W) 53.9 6.82+0.99" 4.14+0.08""
62.1 8.26+0.41° 4.38+0.01°"
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Source Drying temp. (°C) %Shrinkage %Rehydration
44.2 10.17+0.62°* 4.02+0.04°"
IR (1,500 W) 56.4 10.86+0.40""" 4.28+0.01°
62.7 11.1141.08™ 5.08+0.02""
MW 472 W - 11.2841.04% 5.46+0.03"
MW 584 W - 9.22+0.76"" 5.36+0.06"
MW 704 W - 10.5940.08™ 5.56+0.09"
44.7 10.9140.76° 5.60+0.04"
HA+IR (500 W) 53.9 11.81+1.57" 5.64+0.13"
64.0 12.57+2.08™ 5.64+0.28"
44.9 13.50+0.89" 5.23+0.06"
HA+IR (1,000 W) 52.7 14.60+1.80" 5.5120.07"
63.8 9.31+0.26"" 5.15+0.07"
45.1 12.08+1.63" 5.25+0.06"
MW (472W 3 min), der ab
55.7 9.72+0.98 5424011
HA (2 stage) veder b
64.5 10.74%0.75 5.46+0.08
MW (472W 3 min), 45.2 11.514£0.43" 5.29+0.42"
IR (1,000 W) 53.0 12.54+1.03" 5.05+0.05"
(2 stage) 65.6 10.26+1.23°*" 5.18+0.12"
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4 % 1 [ a ] - 1
110aN8d0a (alcohol) FaliAganausI@ouns1sa UL 1,000-1,260 cm” A Iy (ketone) 1A
A v aa 1 -1 4 1 A v AaAa ]
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-1 = J 1 A v Aa ] -1 £
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4.4.3 QUMWMIUIZaMENEA (Sensory evaluation)

pamsnadounun maulszamdudaveslumeNdumsounieale
Rouluais q uaasnsa1519i 4.7 Taednagouduan 15 AU LaANSILUANNYOU (1-9) AD
Aa [ 4 Y 1 a [ Lé F2 1 A = a
pand e 9 lasmsduludnvazvesnluwe Faldun nau § samna uas

AN 1R8I

M319M 4.7 azuuumsesusumadseamdudamasveslumege uuananiigaa 9

Drying Temp. Characteristic of products
Source
(°0) Odor Color | Flavor | Overall Acceptability
Solar 32.5 5.9° 57" 5.2° 55°
45.6 6.4% 5.8° 5.9° 6.1°
Solar + HA 56.3 6.8" 6.1° 6.3 6.4
65.0 6.5 6.7° 6.8° 6.7"
445 747 63" 7.2" 65"
HA 54.7 7.1% 59° 6.4 6.8"
64.6 7.0° 6.1° 5.9 67"
46.5 7.3% 5.1° 6.1° 6.2°
IR (500 W) 56.2 69" 53 6.8° 6.3"
652 7.3% 62" 7.1% 6.9°
45.6 7.1% 55" 6.9° 65"
IR (1,000 W) 53.9 7.5% 6.5 7.1% 7.0°
62.1 72" 6.9° 6.3 6.8"
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Drying Temp. Characteristic of products
Source
(°O) Odor | Color | Flavor | Overall Acceptability
442 6.2" 6.9" 6.3 6.5
IR (1,500 W) 56.4 6.8" 56% 6.6° 6.3
62.7 7.1° 5.8 7.0° 6.6
MW 472 W - 7.3 59" | 73™ 6.8"
MW 584 W - 6.8" 5.9° 7.6' 6.8"
MW 704 W - 7.9° 6.3" 7.0° 7.1°
44.7 72" 7.1 6.8° 7.0°
HA-IR (500 W) 53.9 7.0° 7.3 6.4 6.9"
64.0 7.1° 7.1 6.5% 6.8"
44.9 6.9" 7.0' 7.1 7.0"
HA+IR (1,000 W) 52.7 6.4" 6.9" 7.2 6.8"
63.8 6.8" 63° | 76 7.1
45.1 6.1° 5.9° 74% 6.7"
MW (472 W 3 min), N N N .
55.7 6.8 6.1 7.6 7.1
HA (2 stage) ” , : ”
64.5 6.5" 6.8" 7.1b° 6.6°¢
MW (472 W 3 min), 45.2 74° | 64" | 1.7 7.1
IR (1,000 W) 53.0 73" 5.8 6.8° 6.4
(2 stage) 65.6 74° | 62" | 69° 6.8"
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Abstract

The objective of this research was to study drying of
Pandanus leaf for herbal tea by infrared radiation.
Determination of drying kinetics, physical quality and specific
energy consumption were presented. Moreover, the physical
properties in terms of equilibrium moisture content and
effective  diffusion coefficient were evaluated. The
experiments were carried out under the conditions of infrared
intensity value of 1.62, 3.25 and 4.87 kW/m’ and drying
temperature range between 45 and 65°C. initial moisture
content of pandanus leaf was between 400 and 600% dry-basis
and the final moisture content of dried leaf with all three
infrared intensities was of 8-12% dry-basis. The experimental
results showed that drying rate increased with increase of
drying temperature whilst specific energy consumption
proportionally decreased with increase of drying temperature.
For evaluation of equilibrium moisture content (EMC) of
pandanus leaf, the results showed that calculated value using
BET model is the best fitting with experimental results.
Determination of drying kinetic of pandanus leaf replied that

simulated data using Page model had a good relation to

experimental data. In addition, the diffusion coefficient value



can be evaluated and it relatively depended on drying
temperature and can also be explained in form of Arrhenius
equation. For product quality analysis, the colorness value
(CIELAB) of brightness (L*) increased comparing to control
sample and the redness value (a*) was slightly dark. However,
the yellowness value (b*) was insignificantly different when
drying with temperature of 45-65°C. Percentage of
rehydration of dried Pandanus leaf highly related to drying
temperature and infrared intensities. Finally, sensory
evaluation analysis using Hedonic scale (9-point) showed that
total acceptability of dried Pandanus leaf with all drying
conditions was in the same value of market point of view.

Keyword: Drying kinetics/ Infrared radiation/ Pandanus/
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n=13157 RMSE =0.0605
R'=0.9475
Newton model N
. \ %’=0.0059
k=3.6471X10° exp(-5.3514X10"/RT)
RMSE =0.0757
Henderson and Pabis model R’=0.9522
k=3.5448X10° exp(-5.3279X10"/RT) | (’=0.0053
a=10547 RMSE =0.0723
Logarithmic model R’=0.9660
k=1.9541X10° exp(-5.2882X10"/RT) | Y"=0.0038
a=12748 c=-02575 RMSE =0.0610
[ ] 456 °C
A 53.9 °C
3 62.1 °C
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Initial (Final) Average SEC
Drying | Drying
moisture drying (MJ/kg
temp. time
. content rate H,0
(C) | (min)
(% dry basis) (kg/h) evap.)
Infrared intensity 1.62 kW/m®
46.5 360 434.8 (13.5) 0.0422 10.17
56.2 180 392.1 (10.6) 0.0863 9.18
65.2 145 383.8 (10.0) 0.1103 10.17
Infrared intensity 3.25 kW/ m’
45.6 330 5974 (33.0) 0.0560 991
53.9 200 535.5(17.6) 0.1310 9.97
62.1 120 433.2(8.4) 0.1208 9.61
Infrared intensity 4.87 kW/m®
442 375 470.8 (11.8) 0.0482 10.08
56.4 150 472.5 (11.0) 0.0892 8.72
62.7 135 471.1(8.1) 0.1103 6.71
% A o
3.6 9ATINIAUA
6 2
IR 1.62 kW/m2
s | MIR325 KW’ I
M IR 6.89 kW/m
4 -
I
3 4
2 4
1 4
o -
808050 508° 87 §0e0%°
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Bumsusa 1.62,3.25 uaz 4.87 kW/m’ gqungil 45-65°C

Drying Color of products
temp. | Lightness Redness | Yellowness Aps
(§{®)] (L*) (a*) (b*) 8
Fresh |29.92+1.01° | -10.833045" | 20.7241.69° |38.03%1.30"
Infrared intensity 1.62 kW/ m’
46.5 | 37.1021.99° | -6.9240.06" | 19.59£0.03° | 42.54%1.74°
562 | 41.18%1.02° | -8.2840.50° | 18.68%136" | 45.99%1.56’
652 | 47.63F1.52" | -8.39F0.21" | 19.69F0.54" | 52.22%1.55°
Infrared intensity 3.25 kW/ m’
456 |32.1040.01° | -6.9540.05* | 14.09£0.09" | 35.7330.05"
53.9 | 352540.02° | -5.6630.05° | 14.6710.01° |38.6030.02"
62.1 |43.00£0.01" | -7.6820.02™" | 19.90%0.02" | 48.00%0.01°
Infrared intensity 4.87 kW/ m’
442 |34.74%0.01° | -6.3630.01° | 19.2610.03° | 40.2330.02"
56.4 | 36.5540.01° | -7.3970.03° | 15.83%0.04" |40.5140.02%
62.7 | 44374033 | -7.87140.10™ | 18.5610.14° | 48.74%0.36’

Note: Different superscripts in the same column mean that the values are

significantly different at 95 % confidence level (p<0.05)

AE—\/(LO-L) +(a0-a) +(b0-b)
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Drying
Characteristic of products
Temp.
Overall
(°C) Odor Color Flavor
Acceptability
Infrared intensity 1.62 kW/ m’
45.6 73 5.1° 6.1° 6.2°
56.2 6.9° 53" 6.8° 6.3°
62.1 73" 6.2" 71" 6.9°
Infrared intensity 3.25 kW/ m’
45.6 7.1 5.5° 69" 6.5
53.9 7.5% 6.5° 71" 7.0"
62.1 7.2° 6.9" 6.3° 6.8
Infrared intensity 4.87 kW/ m’
442 6.2° 6.9' 63° 6.5'
56.4 6.8" 5.6 6.6' 6.3"
62.7 7.1 5.8° 7t 6.6°

Note: Different superscripts in the same column mean that the values are
significantly different at 95 % confidence level (p<0.05)
: 1=Extremely dislike = 2=Very much dislike 3=Moderately dislike

4=Slightly dislike 5=Like nor dislike 6=Slightly like

7=Moderately like 8=Very much like 9=Extremely like
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Drying Kinetics of Pandanus Leaf by Infrared Radiation Combine Hot Air and Hot Air
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Abstract
The objective of this research was to study drying of Pandanus leaf for herbal tea by infrared radiation
(IR) combine hot air (HA). Determination of drying kinetics, physical quality and specific energy consumption
were presented. The experiments were carried out under the conditions of infrared radiation power value of
1000 and 500 W and drying temperature range between 45 and 65°C. initial moisture content of Pandanus leaf
was between 400 and 600% dry-basis and the final moisture content of dried leaf with all three IR was of 8-
12% dry-basis. The experimental results showed that drying rate increased with increase of drying temperature
whilst specific energy consumption proportionally decreased with increase of drying temperature.
Determination of drying kinetic of Pandanus leaf replied that simulated data using Logarithmic model for
IR1000W+HA and HA. Using Page model for IRS00W+HA had a good relation to experimental data. For
product quality analysis, percentage of rehydration and the colorness value (CIELAB:L*, a* and b*) from
IR+HA and HA dried Pandanus leaf , significantly (P<0.05).

Keyword: Drying kinetics/Infrared radiation/Pandanus/Quality
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Name of model Parameter R’ RMSE Xz
HA+IR(500 W)

Newton k=-19.787+0.066T 0.9943 0.0215 0.0005

Page k=-19.309+0.064T 0.9944 0.0215 0.0005
n=0.982

Henderson and Pabis k=-19.557+0.065T 0.9945 0.0211 0.0004
a=0.987

Logarithmic k=-18.716+0.062T 0.9950 0.0198 0.0004
a=0.998 ¢=-0.018
k1=-0.610+0.006T

Two term 22 63710012 0.9966 0.0161 0.0003
a=-6.454 b=7.433

Logistic k=-18.862+0.062T 0.9234 0.0885 0.0085
a=1.048
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Name of model Parameter R’ RMSE Xz
HA+IR(1,000 W)

Newton k=-22.571+0.074T 0.9771 0.0484 0.0026

Page k=-0.035+0.005T 0.8939 0.1042 0.0121
n=0.935

Henderson and Pabis k=0.724+(1.59X 10’7T) 0.9778 0.0477 0.0025
a=0.987

Logarithmic k=-17.856+0.059T 0.9875 0.0349 0.0014
a=1.121 ¢=0.121
k,=-25.195+0.083T

Two term K =25.525+0.108T 0.9807 0.0444 0.0022
a=1.131 b=-0.135

Logistic k=-14.559+0.048T 0.8955 0.1035 0.0119
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Logarithmic k=-19.086+0.063T 0.9955 0.0216 0.0005
a=1.055 ¢=-0.057
k =-38.111+0.125T

Two term K=24.152+0.112T 0.9950 0.0232 0.0006
a=-5.089 b=6.081

Logistic k=-13.577+0.045T 0.9157 0.0948 0.0096

a=1.057
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63.8 75 0.1918 13.32

IR1000W-+HA 52.7 105 0.1674 11.90

449 135 0.0766 9.27

64.0 70 0.2282 10.95
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Drying temp. Color
Source % Rehydration
(°C) L* a* b*
64.6 38.69" -10.35° 20.94" 80.37"
HA 54.7 38.68" -9.44° 20.02° 81.03"
44.6 35.12° -8.53° 20.04" 78.62°
63.8 46.30" -5.59" 15.67° 80.58"
IR1000W+HA 52.7 38.48" -8.58° 21.36" 81.86"
44.9 40.01° -7.30° 16.99° 80.87"
64.0 46.30° -5.59" 15.67° 82.18"
IR500W+HA 53.9 38.48° -8.58° 21.36" 82.24"
44.7 31.47° -8.57° 20.80" 82.17"

Note: Different superscripts in the same column mean that the values are significantly different at 95 % confidence level (p<0.05)
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Drying Kinetics Model and
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Abstract - The objectives of this research were to
study drying Kkinetic of Pandanus leaf for herbal tea
by hot air (HA) convection, infrared (IR) radiation
and combined HA and IR heat sources (HA+IR).
The thin-layer drying Kkinetics equation of
Pandanus leaf was mathematical simulated for all
three drying strategies. Determination of physical
quality and specific energy consumption (SEC)
were carried on. The experiments were carried out
under the conditions of infrared radiation power of
1,000 W and drying temperature ranges between
45 and 65°C. The hot air flow rate was fixed at 1.0-
1.2 m/s. Initial moisture content of Pandanus leaf
was range of 400 to 600% dry-basis and the final
moisture content was between 8 and 12% dry-

basis. The experimental results showed that the

drying rate using combined HA+IR was faster than

drying using HA and IR, respectively. The

simulated data using empirical Logarithmic model
for all heating methods had a good relation to the

experimental data. According to the liquid

diffusion following Fick’s law, the effective

diffusion coefficient was depended on drying
temperature and drying method. Evaluation of
SEC showed that SEC of IR drying was lower than
drying with HA and combined HA+IR,
respectively. The SEC with all three heat sources
was in ranges of 8.33-17.70 MJ/kg.H,O evaporated.
The SEC is decreased with increase of drying
temperature. For product quality analysis,
percentage of rehydration and the colorness value
(CIE lab) of dried using HA, IR and combined

HA+IR are significantly different (pS0.0S).
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1. INTRODUCTION

Pandanus (Pandanus odorus Ridi.) plants are the
herbal grass which contains essential and fragrance
green chlorophyll leaf. Medicinal properties can help
relieve dry skin, heart and gives refreshing activity.
Now, Thai herbs good is becoming widely popular.
Efficacy of Thai traditional medicine and modern
medicine of Pandanus leaf can be used for therapeutic,
aromatic and supplemented product for health. It helps
in colds, fever and for throat. The fresh Pandanus leaf
can’t be kept in long shelf life or even it is kept in low
temperature. Due to extending the shelf life and
storage during a healthy beverage off-season harvest
of food and biomaterials, the post-harvest technique
has

been proposed, especially on dehydration

technique. Even the most common dehydration
treatment methods use solar energy to preserve

agricultural products, this technique is extremely

weather dependent and has the problems of

contamination with dust, soil, sand particles and
infection by insects and micro-organism. Reducing
moisture in the fresh biomaterial is important because
it directly affects medical quality. The quality
parameters of samples are of highlight consideration
during the of different

employment drying

mechanisms [1]
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Drying is a traditional method for preservation
food, grain, cereal and biomass, especially this
technology is also used for the production of special
foods and food ingredients [2]. Normally, drying not
only affects the water content of the product, but also
alters other physical, biological, chemical and
physicochemical properties such as enzymatic activity,
microbial spoilage, viscosity, hardness, aroma, flavour
and palatability of foods [3-5]. Most of the
conventional drying treatments used hot-air. Hot air
drying is low energy efficiency and has long drying
time during falling rate period. Because of the low
thermal conductivity of food materials in this period,
heat transfer of food during conventional heating is
limited. According to heat transfer efficient system,
electromagnetic radiation enhancing heat transfer,
infrared radiation and superheated steam have been
developed and reported since 1994 such as fluidized-
bed drying, spouted-bed drying, pulse fluidized-bed
drying, vacuum drying, solar drying, freeze drying and
hybrid tunnel solar drying etc [4, 6, 7]. However,
various methods of drying have their own advantages
and disadvantages. One of interesting drying method is
radiation technique.

During the biomaterials are

subjected to electromagnetic field, this wave
penetrates directly into the sample resulting in fast
volumetric heating (from the inside out). The quick
energy absorption by water molecules causes vibration
and rapid evaporation of water, creating an outward

flux of rapidly escaping vapour. Some biomaterial



such as mulberry leaf and basil leaf was dried with far
infrared radiation and the drying rate of IR heating
was faster than drying with hot air [8, 9] In addition,
the physical analysis of dried samples was reported
such as the brightness and yellowness. The results
showed that colour property and rate of rehydration of
biomaterial can be activated by infrared combined hot

air drying technique [10].

The objective of this research was to investigate
feasible drying of herb Pandanus tea by using hot air
(HA), infrared radiation (IR) and hot air combined
infrared radiation (HA+IR). The drying kinetics of
Pandanus leaf was carried out and simulated each
drying method by empirical drying models. Finally,
determination of physical quality in terms of
rehydration, change of color and total specific energy

consumption (SEC) were determined.

1I. MATERIAL AND METHODS

A. Materials

Pandanus (Pandanus odorus Ridi.) leaf was
provided by Songkla central fresh market. Raw fresh
sample was washed and cut into dimension of 1X1.5
cm. The moisture content of Pandanus leaf was
determined by standard AOAC method [11]. The
initial moisture content of Pandanus leaf was in the
ranges of 400-600% dry-basis and the desired final

moisture content after drying in each drying strategies

was about 8-12% dry-basis.

B. Experimental set-up
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Hybrid heat source of tray dryer developed by [12]
was illustrated in Figure 1. Solar energy, electric
heating and infrared heating was heat source which
can be used for drying seafood, raw biomaterials and
cereal grain kernels. In this experiment, the three
stainless steel trays of fresh Pandanus leaf weighted of
300 g were dried under 3 heat sources (HA, IR and
HA+IR) and drying temperatures of 45-65 °C at inlet
air flow rate of 1.0-1.2 m/s.

Drying room dimension was 60X80X158.5 cm
and interior walls were insulated by insulator of 5 cm.
thickness. Electric heater was made of fin electric
heating rod 1,000x10 W and infrared rod of 500x3 W
was used for these experiments while solar heating
was gotten using solar collector with made from
galvanize steel painted with black colour. The
dimension of solar collector was of 32.5X133X240
cm and on the top of collector was made of Perspex
glass with 0.5 cm thickness. Forward-blade blower
was driven by AC motor of 1 hp. Consequently, the
recycle pipe was connected at the top of drying room
to recirculation of hot air.

Solar collector

Airinlet

Perspex glass

Butterfly valve —~—
Air outlet —
IR source E
= - . -
3A__, Control unit J \
— Recycle pipe
3B—s ‘
3c Blower
—
. ]
Drying |_
chamber Electric heating unit
“® ® SR

Figure. 1. Hybrid heat sources tray dryer

(3A-3C are drying trays for samples)



Temperature was measured during drying process
using K-typed thermocouple connected to data logger
(SUPCON, China) and surrounding temperature (wet-
bulb and dry-bulb) was also recorded. The inlet drying
temperature was controlled by a PID controller with an
accuracy of +1°c. Using infrared radiation with
intensity of 500 and 1,000 W. Air flow was measured
by hot wire anemometer (DIGICON model DA-45,
USA) with an accuracy of = 0.01 m/s. During drying
period, the sample was weighted continuously by
electric balance (A&D model GF3000) with an

accuracy of to.1 g.

C. Determination of empirical drying equation

To calculate the drying, an appropriate empirical
equation was fitted to the experimental data (drying
curve) and was then differentiated with respect to

time. The drying rate and moisture ratio are defined as

in (1) and (2)
M. -M_ W
Drying rate = m—fd D
Drying time
Mt~ M
MR = X @)
Min ~Meq

where MR is moisture ratio, dimensionless. M, M, and
Meq are moisture content at any time (t), initial

condition and equilibrium state, respectively, decimal

dry-basis.

The equilibrium moisture content can be solved in

BET [13] as in (3) which was developed as follow:
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RH 1

In =
(I-RHM, M, C

(C-DRH
M, C

(3

where Mm=1.4694-0.0050T C=-0.3715-0.0025T
where RH is relative humidity (0.1-0.9) in decimal, M

and C are arbitrary coefficient.

The experimental data were mathematical
simulated by 6 empirical drying models as shown in
Table 1. And finally, the coefficient of determination
(Rz) and root mean square error (RMSE) values were
used as the primary criterion for selecting the best

equation to describe the experimental data.

Table I. Empirical drying equation

Name of model Model equation
Newton MR=exp(-kt) 4)
Page MR=exp(—kt") (5)
Henderson and Pabis | MR=a exp(-kt) (6)
Logarithmic MR=a exp(-kt)+c (@)
Two term MR=a exp(-k, t)+b exp(-k,t) (8)
Logistic MR=a/(1+exp(kt)) )

Note: a, b, ¢, k, k , k, and n are arbitrary coefficients; t
is drying time.
D. Determination of effective diffusion coefficient

Semi-theoretical drying equation is mainly based
on the moisture diffusion process. During the falling
rate period of drying, the most available models of
moisture transfer are well described by Fick’s law. In

addition, the analytical solution of moisture transfer



for Pandanus leaf in infinite slab shape can be

expressed as in (10) [13].

2.2
0 —
MR — 82 1 - (2p+1; Dt
7% p=0| 2p+1) L

(10)

where D means an effective diffusion coefficient (so
called an effective diffusivity). An effective diffusion
coefficient was described by the Arrhenius type
equation as follow:

-E

D=D, ex a
0 “*P| 7
abs

(1)

where D, is the Arrhenius factor, R is universal gas
constant 8.314 kJ/kmol-K, T, is absolute temperature

(K) and E is the activated energy (kJ-K/kmol).

E. Determination of specific energy consumption
Specific energy consumption (SEC) was defined
as the energy required for removing a unit mass of
water in drying the Pandanus leaf from its the initial
moisture content was in the ranges of 400-600% dry-
basis and final moisture content was about 8-12% dry-
basis. The specific energy consumption was calculated

as follows:

3.6P

- (12)
(Min - Mf )Wd

SEC
where P is an electrical power consumption (kWh),
M, is initial moisture content (dry-basis), M, is final
moisture content (dry-basis) and W, is mass of dry

solid (kg).
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F. Quality analysis

a) Measurement of color

The color measurement of the fish samples was
determined in CIE a-value by using Juki color meter
(JP7100p Tokyo Japan). The color values (L-a-b) of
dried mullet fish were measured by mean in five
replications. In addition, the positive CIE L-a-b values
indicate brightness, redness and yellowness whilst
negative Hunter L-g-b values indicate darkness,
greenness and blueness, respectively [12]. The positive
value of CIE L-a-b unit means brightness, redness and
yellowness. In the opposite side, the negative value of
CIE L-a-b unit means darkness,

greenness and

blueness, respectively.

Additionally, the total color difference (AE) was

determined as follow in (13)

AB*=£(L*~Ly)? +(a*-a;)* +(b*-b))* (13)

where L,* and L* is the initial and final brightness
value of sample, respectively. The a,* and a* value is
the initial and final redness value of sample,

respectively. The b,* and b* value is the initial and

final yellowness value of sample, respectively.

b) Measurement of rehydration

Percentage of rehydration of samples was
weighted and then soaked in hot water at temperature
of 90E3°C for 15 min. After soaking, the samples

were weighted again. Percentage of rehydration was

defined as:
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. . Img
Rehydration ratio=—-— (14)
my

drying temperature. This is corresponded to the

previous work for grain kernels, seafood materials and

where m_and m, are the weight (g) of initial and final fruit [4, 10, 12].

rehydration process, respectively.

1.0
G. Statistical analysis 0.8 MY W 62.1°C, experiment
. . . VY ‘\. A 53.9°C, experiment
Analysis of variance (ANOVA) was performed in 0.6 | m \\\A N
04 | W %
a completely randomized design, using Duncan’s : Y \a
R
) o 0.2 w A e,
Multiple Range Test. All determinations were done at NN P
4 L)
. o 0.0
least in triplicate and all were averaged. The 0 200 400

Drying time (min)

()

confidence limits were set up at 95% (p < 0.05).

I11. RESULTS AND DISCUSSIONS

63.8°C, experiment
52.9°C, experiment
44.9°C, experiment
Logarithmic's model

A. Empirical drying equation

TABLE II. ARBITRARY CONSTANT OF

EMPIRICAL LOGARITHMIC DRYING MODEL

Source Arbitrary constant in R’ RMSE
k=-0.0326+0.0011T ' ' '
HA ) 09945 | 0.0241 0 100 200 300 400
a=1.0477 Drying time (min)
¢=-0.0501 ®)
k=-0.0176+0.0005T 10
IR 0.9864 | 0.0434 TR B 64.6°C, experiment
a=1.3173 .
» A 54.0°C, experiment
0.8 |a . .
¢=-0.3019 » ®  44.5°C, experiment
0.6 ‘IQ‘ """" Logarithmic's model
k=-0.0464+0.0014T 1 .‘
HA+IR 0.9796 | 0.0455
a=1.0654 0.4 ‘A‘Q\
ne
\
¢=-0.0623 0.2 N '~.‘
h" h
Table II. showed the arbitrary constants of the best 0.0 T e ' 1
0 100 200 300 400
fitting equation for thin-layer drying kinetic of Drying time (min)

Pandanus leaf. The result showed the simulated ©
Figure.2. Computed and experimental data of moisture

equation using Logarithmic model had a good relation
ratio of samples in various drying temperature of 44.5-

to the experiment data for all three drying conditions. o . . .
65.27C (a) hot air, (b) infrared and (c) combined hot

From the arbitrary constant k as function of drying air and infrared of 1.000 W

temperature, it implied the drying rate highly related to



Figure 2 illustrated the evolution of moisture
removal during drying time of Pandanus leaf with
drying temperature of 45-65°C. The results showed
that moisture transfer of combined HA+IR was faster
than the other drying using IR and HA, respectively.
However, the specific energy consumption needs to

consider

B. Effective Diffusion Coefficient (D, ”)

By using Fick’s diffusion law, the solution of
moisture ratio was determined in equation (10) and the
effective diffusion coefficient D can be evaluated by
non-linear regression method by equation (11). The
result of D value for all heating sources was presented
in Table III. and showed that an effective diffusion
coefficient was in order of 10> m’/s. This coefficient
was  relatively  dependent

on  temperature

corresponding to the other biomaterials.

142

Table IV. showed activation energy and Arrhenius
factor of three drying sources. The results stated that
activation energy value of drying with IR was higher
than drying using HA and combined HA+IR,

respectively.

TABLE IV. ENERGY OF ACTIVATION AND
COEFFICIENT D

FOR PANDANUS LEAF

Energy of Arrhenius
Source activation, factor, R’
E, (kJ/mol) | D, (m’/s)
HA 48.606 2.292X10" | 0.954
IR 72.111 5.758X10" | 0.983
HA+IR 37.307 3.918X10° | 0.990

C. Specific energy consumption (SEC)

TABLE V. DRYING RATE AND SPECIFIC ENERGY

CONSUMPTION (SEC)

Source | Drying | Drying | Drying SEC
Table III. EFFECTIVE DIFFUSION COEFFICIENT OF
C) | (min) | (kg/h) | (MJ/kgH,0
PANDANUS LEAF
64.6 75 |1 0.2093 8.33
Temperature | D(X 10" 2 HA
Source R 54.0 90 | 0.1760 11.37
°C )
€0 (m /5) 44.5 195 | 0.0933 1437
44.5 2.169 0.996
HA 62.1 120 | 0.2219 8.61
54.0 4.566 0.957 IR
64.6 6.507 0.975 53.9 200 | 0.1612 8.97
45.6 0.913 0.961 45.6 330 | 0.0535 8.91
IR
54.9 1.712 0.926 63.8 751 0.1918 17.70
+
62.1 3.539 0.933 HA#IR 52.7 105 | 0.1674 15.21
44, 2.968 0.8
HAHIR 2 2 7 44.9 135 | 0.0766 13.32
52.7 3.881 0.961
63.8 6.507 0.991 Table V. showed that the drying temperature

decreased with the drying rate and specific energy
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consumption (SEC) was increased. The heat energy of b) Measurement of Rehydration

IR has lower SEC value than HA and combined Figure 3. showed the rehydration ratio (RR) of

HA+IR drying, respectively.
ying P Y dried Pandanus leaf with three heat sources. The

D. Quality analysis results showed that combined HA+IR drying has

a) Measurement of Color higher RR than HA and IR, respectively. The color
TABLE VI. ILLUSTRATION OF COLOUR value of dried Pandanus leaf was affected by heat
MEASUREMENT OF ALL CASE DRYING source and drying temperature.

o
UNDERVARIOUS DRYING TEMPERATURE 45-65"C

Source | Drying Color value (CIE-lab)
co | a* b* OE*
Initial - 3042°| -10.84° | 21.22°| - IR
64.6 | 38.69%(-10.35"| 20.94°| 8.83" BHA
HA 1 47 | 38687 | -0.44%] 20.02°| 928" WHAIR
44.6 | 3512 -8.53| 20.04°| 6.46° OD"(;'(‘.AS-"AA-‘) 739
62.1 | 43.00| -7.68%| 19.90°| 13.48" e Temperazur:('ocjm@‘\@%
R 539 | 3525"] 566" 1467 9.58"
45.6 32.10 " _6.95f 14.09° 7.99ab Figure 3. Rehydration ratio of dried Pandanus leaf.
63.8 | 46.30°| -5.59°| 15.67°| 18.18°
HAMR | 507 1 40.02"] 730°] 16.99°| 11.40" V- Conerusions
The conclusion can be stated as follows:
449 | 38.48"| -8.58°| 21.36°| 8.94" , ,
1) Drying temperature affected directly to the

Note: Different superscripts in the same column mean that the drying rate of Pandanus leaf producing herb tea.

values are significantly different at 95 % confidence level

2) Drying kinetic of Pandanus leaf was dependent
(p<0.05)

on heat source. Thus the infrared drying was suitable

Table VL. illustrated the color measurement of driedo drying of Pandanus leaf because this technique is

Pandanus leaf. For all drying conditions, it stated thafaster than the two other heat source (hot air and
drying with high temperature tended to increase L '-valuecombined hot air and infrared heating).

In addition, dried Pandanus leaf with combined HA+IR
3) Specific energy consumption of IR and

sources significantly increased yellowness value (CIE-lab
combined hot air and infrared show high efficient

b* value). The HA drying for Pandanus leaf gave the
technique for producing herb Pandanus tea.

lowest value of total color difference compared to control

Pandanus leaf initial sample color.
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Abstract

The objective of this research is to study the effects of one-stage drying with constant drying under microwave power and
a two-stage drying using combined microwave hot air and infrared radiation on the drying kinetics and color of pandanus leaf, and
to evaluate specific energy consumption. Microwave powers of 472, 584 and 704 W, infrared radiation power of 1,000 W and
drying temperatures of 45, 55 and 65°C at an air flow rate of 1.1-1.2 m/s were used in this work. Initial moisture content of fresh
pandanus leaf was in the range of 400 to 600% dry-basis and the final moisture content of the dried leaf was between 8 and 12%
dry-basis. In the determination of drying kinetics of the pandanus leaf, experimental data on the effect of microwave power were
evaluated. As microwave power increased, the moisture ratio significantly decreased. As drying air temperature increased at a
given microwave power, the drying curve exhibited a steeper slope for all MW-HA drying conditions, implying that the drying
rate increased with increasing drying air temperature. At any drying temperature, when the drying rate increased the specific

energy consumption (SEC) decreased.

Keywords: Microwave power, hot air drying, infrared drying, pandanus leaf, color



1. Introduction

Pandanus (Pandanus odorus Ridl.) plant is
a herbal grass. Its green chlorophyll leaf contains
essential oils and fragrance. This herb is fast
becoming popular widely, as of many other Thai
herbs. Its medicinal properties can help relieve dry
skin and energize heart activities. Thai traditional
medicines, and also modern medicines, produced
with essence from Pandanus leaf can be used as
therapeutic, aromatic and supplement product for
health. The herb helps relieve colds, fever and sore
throat. Fresh Pandanus leaves do not have long
shelf life even if it is kept in controlled low
temperature. In an effort to extend the shelf life
and storage duration to continuously provide this
healthy biomaterial beverage food off-season, a
post-harvest technique has been proposed in this
study, especially on the dehydration technique.
The most common dehydration treatment method
employs solar energy to preserve agricultural
products. However, this technique is extremely
weather dependent and is plagued with problems
of contamination by dust and soil particles, as well
as infestation by insects and micro-organisms.
Reducing moisture in a fresh biomaterial is
important because it directly affects medical
quality. The quality parameters of samples are of
highlight consideration during the employment of
different drying mechanisms (Chou and Chua,

2001)

Drying is a traditional method for
preservation of food, grain, cereal and biomass.
However, appropriate drying treatment is needed

for the production of special foods and food
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ingredients (Maroulis and Saravacos, 2003).
Drying not only affects the water content of the
product, but also alters other physical, biological,
chemical and physicochemical properties such as
enzymatic activity, microbial spoilage, viscosity,
hardness, aroma, flavour and palatability of foods
(Barbosa-Canovas and Vega-Mercado, 1996;
Soponronnarit, 1997; Tirawanichakul et al., 2009).
Most conventional drying treatments use hot-air.
Hot air drying has low energy efficiency and needs
long drying time, particularly during falling rate
period. Because of the low thermal conductivity of
food materials in this period, heat transfer of food
during conventional heating is limited. In a heat
transfer efficient system, electromagnetic radiation
enhances heat transfer. Infrared radiation and
superheated steam have been developed and
reported since 1994 such as fluidized-bed drying,
spouted-bed drying, pulse fluidized-bed drying,
vacuum drying, solar drying, freeze drying and
hybrid tunnel solar drying, etc (Soponronnarit,
1997; Afzal and Abe, 2000; Devahastin et al.,
2003). However, each method of drying has its
own advantages and disadvantages. Use of
microwave rays in drying has also become
common, because it prevents the decline in quality
and ensures rapid and efficient distribution of heat
in the material (Diaz et al., 2003). During a
biomaterial is subjected to an electromagnetic
field, the waves penetrate directly into the subject,
resulting in a fast volumetric heating (from the
inside out). The quick energy absorption by water
molecules causes vibration and rapid evaporation

of water, creating an outward flux of rapidly



escaping vapour. This causes the object to dry out,
and drying can be made more efficient when
combined with subsequent air drying. When pure
air-drying was compared with combined
microwave and air-drying, the combined systems
were determined to shorten the drying period of
American ginseng roots significantly, without
causing a decline in the quality of the dry product
(Ren and Chen, 1998). However, application
acceptance for drying of many other food products

is yet to be investigated.

The objective of this research is to investigate
and compare drying of Pandanus herbal tea leaves
using microwave (MW), combination of
microwave and hot air (MW-HA) and combination
of microwave and infrared radiation (MW-IR).
The drying kinetics of Pandanus leaf was studied;
and the color of the dried product together with the
associated total specific energy consumption

(SEC) were investigated.

2. Material and methods
2.1 Material

Pandanus (Pandanus odorus Ridl.) leaf was
acquired from Songkhla central fresh market. Raw
fresh sample in weight was washed and sliced into
dimension of 10 mm X 15 mm. The total needed
amount was set to be IOO(i0.0S) g. Moisture
content of the leaf was determined by standard
AOAC method (AOAC, 1995). The initial
moisture content was found to be in the range of
400-600% dry-basis and the desired final moisture
content after drying in each drying strategy was

about 8-12% dry-basis.
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2.2 Drying method

Microwave drying experiments  were
performed in a domestic microwave oven
(DAEWOO, KOR-63D7), having  output
microwave power of 472, 584 and 704 W. Two
main types of drying were employed: microwave
(MW), and microwave combined. The latter,
however, was subdivided into combined
microwave—infrared (MW-IR) and combined
microwave-hot air (MW-HA). The flowchart for
the drying process employing these three methods

is shown in Fig. 1.

Fresh pandanus leaf with initial moisture content

v

Drying condition

Microwave (MW)

Microwave combined

Microwave (MW) and Hot air (HA)

1 stage: MW drying with power of

472 W for 3 min.

MW and infrared radiation (IR)

1" stage: MW drying with power of

472 W for 3 min.

A

Final moisture content of 8-12% dry-basis

A

Determination of drying kinetics, specific energy

consumption (SEC) and quality analyses (color,

sensory evaluation).

Fig.1 Flowchart of the drying process



The IR and HA drying chamber dimension is
520 mm X 520 mm X 500 mm. Its walls are
formed from aluminized steel insulated with two
50 mm thick adiabatic layers, one layer on each
side. The electric heater comprises three finned
1,000 W electric heating rods, and three 500 W
infrared rods. A forward-blade blower driven by a
1 hp AC motor is used for hot air convection. The
hot air from drying is released to the surrounding
using an air outlet pipe. The drying temperature,
and the inlet and the outlet temperatures were
measured using K-type thermocouples connected
to a data logger (Supcon Co. Ltd.) with an
accuracy of 10.5°C. The surrounding wet-bulb
and dry-bulb temperatures were also continuously
recorded. The inlet air flow at the tube entrance
was measured by a hot air wire anemometer
(Digicon modal DA-45) with an accuracy of

£0.01 m/s.

For stand-alone MW drying all 3 power levels
- 472, 584 and 704 W - had been employed to
determine their individual effect on moisture
removal. For MW-HA and MW-IR dryings, the
first stage of the drying by the microwave
employed only that power of 472 W for 3 min. The
second stage drying employing hot air utilized
temperatures of either 450C, or SSOC, or 65° at
hot air velocity of 1370.2 m/s. For the second stage
employing IR with infrared power of 1,000 W,
temperatures of either 450C, or SSOC, or 650C

were also explored.

2.3 Data analysis
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The experimental moisture content data were

de-dimensionalized using the following equation:
Mt{—-M
MR = -t e (1)
Min —Meq

Where MR is the moisture ratio, dimensionless.
M, M, and Meq are moisture content at any time
(t), at initial and at equilibrium state, respectively,

in decimal dry-basis.

The equilibrium moisture content can be
solved employing the BET model developed by

Brunauer et al, 1938, as shown in Eq. (2).

1 RH __ 1 (C-DRH )
(I-RHM,, M, C° M, C

Where M, =1.4694-0.0050T C=-0.3715-

0.0025T RAH is the relative humidity, in decimal.

M and C are arbitrary coefficients, dimensionless.

T is the temperature, in Kelvin.

2.4 Determination of effective diffusion

coefficient

Semi-theoretical drying equation is mainly
based on the moisture diffusion process. During
the falling rate period of drying, the most available
models of moisture transfer are well described by
Fick’s Law. The analytical solution of moisture
transfer for infinite slab shape object expressed in
Eq. (3) by Brunauer et al., 1938 might be
considered to be applicable for the pandanus leaf,

thus:

o 2.2
MR:% { 1 2}Xp{—(2p+1; T Dt} 3)
- p=0| 2p+1) L




Where D is its effective diffusion coefficient (so

called the effective diffusivity).
2.5 Measurement of color

Color measurement of the leaf samples was
determined in CIE L*-a*-b* values using Juki
color meter (JP7100p, Tokyo, Japan). Color values
of dried pandanus leaves were measured in five
replications and averaged. Higher L* value
(approaching 100) means more bright, and lower
L* value (approaching 0) means more dark.
Positive a* b* values indicate, respectively,
redness and yellowness whilst negative a* b*
values indicate greenness and  blueness,
respectively. The total color difference (AE) was

determined in Eq. (4) as follow:

AB*=+[(L*—L,)* +(a*—a])’ +(b*-b)’
@)

where L * and L* are the initial and final brightness (or
darkness) values of the sample, respectively. a,* and a*
values are the initial and final redness (or greenness) values
of the sample, respectively. And b,* and b* are the initial
and final yellowness (or blueness) values of the sample,

respectively.

2.6  Determination of specific energy

consumption

Specific energy consumption (SEC) is defined
as the energy required for removing a unit mass of
water in drying. The initial moisture content of the
pandanus leaf was in the range of 400-600% dry-

basis and final moisture content was about 8-12%
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dry-basis. The specific energy consumption can be

calculated as follows:

3.6P
SEC=———— )
My, —Mp)Wy
where P is the electrical power consumption (kW-
h); M, is initial moisture content (dry-basis), M, f is
final moisture content (dry-basis), both in decimal,

and W, is the weight of the solid at final moisture

content (kg).

2.7 Sensory Evaluation

Twenty to twenty five untrained judges are
usually required for a sensory evaluation test. The
products at final moisture content were subjected
to evaluation by a taste panel of twenty untrained
judges. The panelists were asked to indicate their
preference for the sample, based on quality
attributes of color, appearance, dissolution rate,
flavor, and overall acceptability. A balanced 9-
point hedonic rating was employed for all the
attributes evaluated. The judges were asked to give

their remarks about each of the sample.

2.8 Statistical analysis

Analysis of variance (ANOVA) was performed
in a completely randomized design, using
Duncan’s Multiple Range Test. All determinations
were conducted in triplicate and all were averaged.

The confidence limit was set at 95% (p < 0.05).

3. Results and discussion

3.1 Drying kinetics
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Fig. 2. Relationships between moisture ratio and drying
time of pandanus leaf under different drying methods and
temperatures: (a) with microwave (MW) power only, (b)
with combined microwave and hot air (MW+HA), and (c)

with combined microwave and infrared (MW-+IR).

Fig. 2(a) illustrates that the drying time of

pandanus leaf decreases with increasing MW
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power. In Fig. 2(b), for the combined low MW
power of 472 W plus 45°C hot air for 70 min, or
55°C for 65 min, or 65°C for 55 min, to obtain
samples with final moisture content of 8-12% dry
basis, the resulted drying curves exhibited similar
trends with not much significant differences. The
positive interaction between MW and hot air on
pandanus leaf is possibly due to a direct heat
generation inside the pandanus leaf by MW,
coupled with the convective heat transfer at the
leaf surface by the hot air. In Fig. 2(c), for the
combined low MW power of 472 W plus IR 1,000
W at 450C, or 55°C or 650C, it was found that
the drying time required decreased significantly
with increasing IR temperature. Moreover, it was
also less than that of combined MW-HA at

corresponding same temperature.

3.2 Effective diffusion coefficient (D )

Table 1. Effective diffusion coefficient of pandanus leaf

D

eff 2

Drying condition R

X 10" (m’/s))

MW 427 W 49.429 0.953
MW 584 W 66.209 0.938
MW 704 W 110.616 0.954
MW (427 W) +HA 45°C 2.957 0.964
MW (427 W) +HA 55°C 3.388 0.859
MW (427 W) +HA 65°C 3.381 0.957
MW (427 W)+ IR (1000 W) 3311 0.947
45°C

MW (427 W)+ IR (1000 W) 4.749 0.981
55°C

MW (427 W)+ IR (1000 W) 7.908 0.955
65°C




Employing Fick’s diffusion law, the solution
for moisture ratio can be determined as described
earlier in Eq. (3). The resulting D, values for all
drying conditions are presented in Table 1 and
these indicate that the effective diffusion
coefficient was in the order of 10> m’/s. The
results revealed that the effective diffusivity was
affected by the drying temperature and the
microwave power. The MW drying yielded higher
D, than the combined MW-IR and the combined

MW-HA, respectively.

3.3 Specific energy consumption (SEC)

Table 2 tabulates the drying time, the drying
rate and the specific energy consumption (SEC)
under different drying conditions, which revealed
that the drying rate increased with microwave
power, and with drying temperature for the
combined MW-HA or the combined MW-IR,
while the SEC, however, decreased. The SEC of
MW 427 W standalone was lower than MW-HA

and MW-IR, in that order.

Table 2. Specific energy consumption (SEC)
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MW (427 W)+ IR 65 0.0254 14.93
(1000 W) 45°C

MW (427 W)+ IR 55 0.0243 13.76
(1000 W) 55°C

MW (427 W)+ IR 35 0.0234 11.17
(1000 W) 65°C

3.4 Measurement of Color

The results of color parameters: L*

(brightness-darkness), a* (redness-greenness), b*
(yellowness-blueness) and the combined difference
OE*, obtained from the 3 employed drying
processes: MW, MW-HA and MW-IR are
presented in Table 3. It can be seen that when the
product colors were compared to that of fresh
padanus leaf, all best color values, i.e. those with
lowest DOE* values, were obtained when
standalone MW dryings were employed. MW
drying standalone yielded much shorter drying
time compared to other drying methods and this
caused the least changing in the color values.
Among the MW standalone results, the best
combined color difference from that of fresh

pandanus was found at MW-704 W.

Drying time Drying SEC Table 3. Color value under different drying condition and
Drying condition rate temperature
(min) (MJ/kg
(keg/h) water evap.) Drying condition Color value (CIE-lab)

MW 427 W 9 0.1482 8.10 L a* b* OE*
MW 584 W 7 02177 7.09 Initial (Fresh padanus leaf) 3042 -10.84 2122 -
MW 704 W 4 0.3795 5.69 MW 427 W 37.69 -10.35 20.04 7.38
MW (427 W)+ 20 00339 gy MWSS4W 36.68 -10.03 2020 639
HA 45°C MW 704 W 3512 -923 2004 5.11
MW (427 W

¢ ) 63 0.0339 18.79 MW (427 W) + HA 45 °C 3410 -695 15.09 8.14
+HA 55°C
MW (427 W) + 55 0.0255 2017 MW (427 W)+ HA 55°C 3625 766 1567 8.65

HA 65°C




MW (427 W) + HA 65°C 33.00 -8.68 1690 5.48
MW (427 W)+ IR (1000 W) 45°C  38.48 -5.58 18.36 10.04
MW (427 W)+ IR (1000 W) 55°C  35.02  -7.30 16.99 7.18
MW (427 W)+ IR (1000 W) 65°C  37.30  -8.59 15.67 9.12

3.5 Sensory Evaluation

Table 4 tabulates sensory evaluations under
different drying conditions and temperatures.
Evaluation on all drying cases revealed that,
though there had been some differences with
statistical significance under a particular parameter
- especially that the overall

on texture,

acceptability were not significantly different.
Moreover, the pandanus leaf dried with microwave

standalone is very crisp and can be ground into

powders.

Table 4. Sensory evaluation under different drying

condition and temperature
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Note:  Different superscripts in the same column,
regardless of drying method, mean that the values are

significantly different at 95 % confidence level (p<0.05)

1 = Extremely dislike 2 = Very much dislike 3 =

Moderately dislike

4 = Slightly dislike 5= Like nor dislike 6 = Slightly
like

7 = Moderately like 8= Very muchlike 9=

Extremely like

4. Conclusion

Pandanus leaves were dried using three
different drying methods: microwave (MW),
combined microwave-hot air (MW-HA), and
combined microwave-infrared (MW-IR). Results
revealed that drying temperature affected directly
the drying rate of the leaf, with higher drying rate
under higher drying temperature. The drying

kinetics of the leaf was dependent on the heat

source. For the MW standalone, to obtain samples

Acceptability with final moisture content of 8-12% dry basis, the

higher the MW power the faster the rate of drying.
For the combined MW of 472 W with HA, the
resulted drying curves were not much significantly

different under any hot air temperature. For the

combined MW 472 W with IR 1,000 W, however,
it was found that the drying time required
decreased significantly with increasing IR
temperature. Moreover, it was also less than that of

the combined MW-HA at corresponding same

Drying Overall
Texture Odour Color Flavor
Condition
MW
27TW 76" 7.1° 6.9° 7.1° 72"
584 W 75" 7.0° 6.9° 7.4 72"
704 W 75" 7.1° 6.8" 7.1° 7.0
MW (427 W) + HA
45°C 8.1" 73" 6.9" 7.2° 7.1
55°C g1® 75" 6.7" 7.1° 7.1°
65°C 8.1% 72" 6.9 7.0 7.1
MW (427 W) + IR (1000 W)

45°C 77" 72" 6.9" 73" 7.2°
55°C 7.7 75" 6.8° 76" 73
65°C 75" 7.1 6.9" 7.0" 7.0°

temperature. Under specific energy consumption
(SEC) and overall color difference evaluations
(AE *) on all drying cases, MW standalone at 704

W yielded the least SEC value and the least color




difference from fresh pandanus leaf. With virtually
no significance on the overall acceptability, it can
be concluded that MW 704 W drying standalone
was the most suitable drying method for the leaf.
This is not to mention that this technique also
needed much less drying time than the other two
combined methods and that the leaf dried with
microwave standalone is very crisp and can be
ground into powders.
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