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ABSTRACT

This research aimed to develop a vibratory bed assisted vacuum infrared drying
(VC-VIR) technique for Cissus quadrangularis Linn. (CQ) drying. A laboratory scale VC-
VIR dryer was designed.and fabricated. Preliminary study on. convective hot air (HA)
drying-of CQ was also conducted to produce a reference treatment. Effects of vibration,
vacuum, and material thickness oninfrared drying of CQ were investicated. The
optimum .condition for VC-VIR drying of CQ was determined by response surface
methodology (RSM).

HA drying of CQ was conducted to imitate conventional industrial drying of CQ.
To reduce ‘bias inproduction of the reference treatment, the reffect of drying
temperature (40, 60, 80, and. 100°C) on drying characteristics of CQ and physical
properties and phytochemicals of the dried CQ were investigated. CQ with the
thickness of 5'mm was.dried from about 10+0.15 to 0.1 ¢ water/g dry matter. The
results showed that-increasing drying temperature increased drying rate (DR) and
effective moisture diffusivity and consequently decreased drying time. The drying time,
maximum DR, and effective moisture diffusivity were in the ranges of 85-1920 min,
0.0059-0.0248 ¢ water/g dry matter-min, and 0.7302-9.1281x10° m?/s, respectively.
The lowest specific energy consumption of 13.62 kWh/kg was required when drying CQ
at the highest temperature of 100°C. Lower drying temperature could preserve quality
of the dried CQ. Decreasing drying temperature resulted in greener and lower bulk

density and shrinkage. The lowest total color difference (16.76), shrinkage percentage
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(88.47%), and bulk density (0.1817 g/cm?), and the highest total phenolic content (TPC,
1062 mg GAE/100 ¢ dry matter) and quercetin content (0.955 mg/100 ¢ dry matter) of
CQ were obtained by hot air drying at 60°C. Therefore, CQ subjected to HA drying at
60°C was selected as the reference treatment.

To investigate the effects of three drying factors including vibration (on and off
modes of 800 rpm vibration), vacuum (on and off modes of 5 kPa abs.), and material
thickness (5, 10, and 15 mm) on IR drying of CQ, infrared (IR), vibratory bed assisted
infrared (VIR), vacuum infrared (VC-IR), and vibratory bed assisted vacuum infrared (VC-
VIR) drying of CQ were conducted. For comparison,-two more treatments were
prepared, i.e. the reference treatment (60°C HA-dried CQ) and the control treatment
(fresh CQ). The results showed that all three drying factors had considerable effects
on IR drying of CQ. Combining vibration and vacuum systems in IR drying of the thinnest
CQ could improve its drying characteristics. Hence, VC-VIR drying of 5-mm CQ provided
the highest maximum drying rate (DR) of 0.258 ¢ water/g dry-matter-min. Although the
vacuum: operation contributed ‘to improved effective moisture diffusivity (D), it
consumed high energy and degraded active compounds of CQ. Therefore, the greatest
TPC and quercetin content of 1083.62 mg GAE/100 g dry matter and 3.472 mg/100 ¢
dry matter were respectively produced by VIR drying of 15.mm CQ. The lowest total
color difference (AE) of 13.69 was also obtained by this drying treatment. It also
required-low specific energy-consumption (SEC) of 17.62 kWh/ke and provided
maximum DR of 0.112 ¢ water/g dry matter-min.

The optimal condition for VC-VIR drying of CQ was determined using RSM. The
response factor was guercetin content. Box-Behnken Design was applied with three
factors including infrared- intensity (4576, 6036, ‘and 7496 W/m?), drying chamber
pressure (5, 15, and 25 kPa abs.) and material thickness«(5, 10 and 15 mm) Result from
the regression model showed that, Infrared intensity, pressure in drying chamber, and
material thickness had significant effect on quercetin content. The second order
polynomial regression model obtained was good fitted with R? of 0.95. The predicted
quercetin content was obtained from the optimum drying condition suggested by the
model, which was the infrared intensity of 7496 W/m?, the drying chamber pressure of

19.94 kPa abs., and material thickness of 15 mm, was 2.123 mg/100 g dry matter. Model



validation comparing between the predicted and experimental quercetin contents was
determined. VC-VIR drying of CQ was conducted at the infrared intensity of 7496 W/m?,
drying chamber pressure of 20 kPa abs., and material thickness of 15 mm to mimic the
optimum condition from RSM. The experimental quercetin content was 2.312 mg/100
g dry matter. The statistical result showed that predicted and experimental quercetin

contents were not significantly different (p>0.05).
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Ui 1

UNU

1.1 anudrAgyuasinIvaslym

\nysdasne (Cissus quadrangularis Linn.) iuayulnsiiudulusauieidowasioning
wazagluied Vitaceae 3NTIHNUMTITNUDN 1nysdeens Usenausmieasaifyaievin
WU wALSTIY 9nTuie Iniud lnsiwesiiy awiesead lnsmesiiueed Waliusun waaldey

< v Y a v o o a a .

pangLan 1wy inasdendoulddugrauunseanuag She13adn1anis (Thiangtham,
2003) AENITHNITRAILITEULETUAYIA Iavunzitounysdaenaogluseuudademan
Tungueussmi3adasanasiin dadusgnisenlilddmiulsangaviauazaniuuinig
41515 MEVIIUNWIUAITITUAVYATIU (AUENTTUATITHAIUITEUVEILNIYIA, 2556) Lol
e innysdnilupaidenaanguan Gavyilvisanszaefe dudinemnsuuseniuan
Jaflguinnuussulagnnsviuiasingisnseuiiiu vansow ke upJumeussquAUYa 39
uananvibikdszaneifasludinaidie Sulsemunan danuanudenInlun1ssulssnu uas
o b4 < v Y 1% ' < W o o Ao 1
Mbiaruisaiusnwlatusyagiiauuls egaelsiniu iwesneransarAgniegly
wsdsannduuiivaygulns nseuwisuuanseuliiawnsaldaamoReuunnigels usnis
UL o TdINa dofednBMENITBURIING3AR NS INTTOULTNAkas Ao eld

reyLarlunsauLisfiutu (Demiray et al, 2013; Wankhadea et al., 2013)

VU & A aa °
ﬂ"lia‘ULL‘VNﬂ@LUUﬂisUjuﬂqiaWQQWN%ULWBLLUigﬂﬂanubLWimiJﬁ']’]Naqﬂm YU LU

o

\isuiuniseuuieigauaunisimadaniseuniidug dnsigaidinseuuieiesed
SusisaaelivsinamrsdiAninulugiayulug 1du asUszaguiluea arsngumala
UDEA LarasiaUYadasY fUSINaimANaY Lee et al., 2006: Mahinda et al, 2010; Park
et al., 2009; Niamnuy et al., 2011) yenaNdnIsevRaluusLNsLsaldnslrautou
WUUuKYad 1 uFsnnsTlsumseexs Ui TiderndanseuuadneanseutadunisTviniy
SounuunnanuSounatelsznis JaTeREn UesmATAnITeULTIwUUBEIsIsAldLA N3
451958 UUBULIMLUUBUNI IR LAY AsTrauSouniesid@dunssaaunsaldsiuiu
nsliamufeusuuuuduldagen Saddunsuaalinnuiouldiss Wssosinaniseuusiedy
waglisnsnsanomwdsanugs wazwdsnunduainfeddunsnsnanunsagnduidig fand
é]’aqmﬂﬁmm%@u%’ﬂmamiﬁqqzylﬁawé’wuﬁw (Khir et al., 2006; Shih et al., 2008; Zare
et al, 2012) fiifinsAunuinmaianiseuuisnuuianasalieufounn tanldaiiiaue

nIunalan1TeURIMUUBUTdIHalRuA NV INER ATiB ULAIANIIAY (Sakai and



Hanzawa, 1994) 91nnaN1sAuNUTnseURRLUUBUs IS udumaTianseuwieiionals
nafrionsanmuTuayulnslufuresnsiuUinuasdAyuarnisfiausgansamly
NITOULI

wiid15addunsnsndunnamdsnuiieniseuniieg1asinss uwidldsuauiley
ﬁfm%fumiauLLﬁaﬁﬂmﬁwaﬁaqwhﬁ?u 15718938 N U ANULTNYDITIELAZANUNUITDS
Hutanfimngdmiunslisuiddunlssnoguashiane fe 3100 fv 4290 W/em? way 12
f9 16 mm suadu (Cakmak and Yildiz, 2011) seiiuitelfulafisnslédusddunsise
Tuszwinteuniegnaigs nsldmadiadena 1w nsduazifiouiainanduuselewd 91n
913389049 Das et al. (2000) saesrunidol#Bnasavuisddenanutugedaessd
Surlsuselneiinisduds iteunesainatuisdny nuidnsinseuureztusgfunnudy

Y

YDITIADUNTUIALYINUUL IR NANANITAUALLTIDUATLISOAADNTNAIINANUNRUIVDITUIER

q

a

sosmmmsouwisli wudeatuniseuaismelfantsanginia uReavenindgungd
fndnnsevukeriusseanaUn® wialdanunsnszivethoonantaniigungd uayld
srUyalun1IeuWANeYas Jaya and Das, 2003) WONIN L DS BT s UNAR SruTt L
vasnnseviianelfaameeanna Wi waniaei A e sE A unisouL
Melan1UAUYITEINIA Lﬁ'aw’msdwammiLﬁmﬂﬁﬁ‘%maaﬂ%m%'u (Afzal et al., 1999;
Drouzas et al., 1999) ﬁd‘li;‘lmWii%ﬁﬂﬂﬁzqmumﬂﬂﬂﬁ§3N1Uﬂ"IiEJ‘ULLﬁx‘]LLUU@UWi’]Li@ﬁQﬂWS
Wuusglovhauiu
ATeiFedunAalunnsonUUKATTRILAT 08U T UB U Tt A TN S
duagiiounelianiizayyimaiitienisouwianesdaia laefiansjmsielunsideiie
Anwndydwatestadslunseuuiis lelA msduagiiiouediun anngdyInia Lagadny

(Y]

MUNVBYUIAR MOANWUENITOUL NAIUNTElunsEUIUAIT uazAMNINTD LN YTHA

UANANTNUITLUTAAUDAN LML AN AR LU TRV N YT AR IENTN1TOURAMUY

VC-VIR mgloiufianoUduss (Response Surface Methodology, RSM)

1.2 dngusesa

sATeifngusrasdudniiiednwfmudsniseunieuuudunsnsasauiunig
Fuaiiiounelianizagniniadmivnmseuusianysdana lneflifnguszasddume
fastoludl

1.2.1 leoenuuuuazaiiuaissouwianuudunsnsasmiumsduaziiiouneld
AN1EAYYINTA

1.2.2 \iiefnunBvisnatesn1sduasilounasiun anTEaynInNA LasATINVILITEITY

o 1w

ANFOANYULNITOULILAZAMANYBUNYTHINAAIETEN TR ULALUUBUNTIIA



1.2.3 1oAnw1an12g NNz aulun 190 ULAIN YT AI1RA875 N1 TOULAILUY
dunsnInsmiuMsduaziounelianvanyyINIALALIEN1TPNKUUNITNAABIL UL

MBUFUBDY

1.3 Usslevifianinazldsu

13.1 IsiaTesouwianuudunsusasmfiumsduazifioumelianinzayanadmsu
mseuliasulng Juduefosiunuuseiurieal fians

1.3.2 loesaanuitndlunisuszendldinalinn 5o uuieBunsisnsiuiunig
duazifiouneldanzangameliniseuwisailns lasawznsdfinuniumysdena 39
anansasiosenAIANTUN SR E NI AU e

1.3.3 pumen1swawalidegaannssy wazidugaudsdunisdamiendnsiagian

anulnsluduvesasysenaunnae

1.4 UULUNYDINITYINIVY

1.4.1 Lﬂ%@ﬂ@ULLﬁQLLUUauWi’ILi{ﬂi'?iJfQﬁJﬂﬁﬁbuﬂsLﬁ@Uﬂ’]Eﬂ(ﬁﬁﬂ’]’Jz@@@J}’]mﬂL‘fJu
wiestneviasUfiRng

1.4:2 (AsAnwatiinslAnynanizfuayulnisiess demysdeana (Cissus

quadrangularis Linn.)
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=b

un

[

NauLAzUINALIUD

Tuunilusgnaumeiion MAgitesiuian nidlun1snaaeouwis An LNy sdes
(Cissus quadrangularis Linn.) 4agludueinsouliiinigsiddunsnsn snuazn15auLi
(Drying characteristics) LazihuUINaDINITOULNAS (Drying model) $a18991U3987LAE VDS

Tneilsvazidunluadiuniee fal

2.1 WYSEIR

2.1.1 ANWUSNINONUANERAT

wsdaens (Jufivayulngoglunad Vitaceae ddaionvansTenurosiusiieg 1ou
WNYIEIRNE, dUTLAIN, dUTTANN, d1sesre, @1ussds, Tute, idme Wudu Wuldan
wrseudilenfudmasu Dudesatu dfledivsuimeinsenmatononseinuly luiduly
A son3esadumudadu Uasmass vangluuu Teuluch veulumdnmuvingg wily
Sevdidenduiu muluenn 23 wufuing eenaendudenuderunseiuiulu rendiden
gou ndusanl 4-nau Tausudendduss duluAdioiseu Weviusuiaentefulusuans
wnaswad 4 9w natluguvsinas Aaseuiludu neseudde) gnduaaduiious wannax
auimia-il viudn wulfluussmasuiie Ussmatauoinsu n3vuensn wazlve
(Thiangtham, 2003)

g‘ﬂﬁ 2.1 wiysdsane (Cissusquudrangularis Linn.)



2.1.2 HIINAMNIGEN

Tudszinaduifeinsuussulndunataieldinuiissiuemislides Tuamisn
Snvunadauazunailion Sdulisnumenisussdudeuliund venvniluuauuennsnils
gelddrumassniuniliuiaiiolddmsuiunissniaudngae (Chopra et al., 1965)

Tuss1elne Tawsininwinsggnuanin drudduliasswanuiyimuan Hen
a1 Uszdnieuuliund 9ae1a3geims Futundends daululdsnuinszgnuanin
$nwnlsadnld (1Aeafuomnsliden) duveamaniassmandvanludld ufqniden viesda
Vieaile warsadniamnins (Tuniu yuedsedeas wag asyy lwadeiasayns, 2542) lng
ﬂmzﬂi'ﬁumiﬁwmﬁzwmLwiwwalﬁ%umLﬁaumeﬁmmiﬁaeﬂuizuuﬁzﬁmwé’ﬂLwiqema
Tunguenussmizadmamisutin adunonisoililddmsulsameuauasaniuuinig
mmimqmmﬁgﬂqmmﬁﬁmqmﬁagm Tnsilgraisugriansiadaunaniiduay ulnser
Feiu 2 AU HARIEASTUANSNALATS UV AR, 2556) Tuffe

- gea-rTursen 100051 UsEneume Lnmasdssnn win 70-n5u sindaanang wiln
20 34 Tngungaidn 10 n3u

- gnsit 2 Tungen 85 n3u Usgnoude wiinasdsana wiin 50 0 gl (Had) wiin
15 n3u-Ingtidn Wanseane wineteag 10 nu

MNUITES UM I gnuisgyEmandringvaawssdiealaun gusaunsie
el un SN0 IS LATLAAIOND Antioxidant 528U Lipid peroxidation Lt
Antioxidative enzymes @ :Neotrophil infiltration tke¢ Proinflammatory cytokins natn
miaaﬂqw'ﬁgéfqﬂa'nmf\]ﬁmmﬁa’maﬂﬁumi%’ﬂwﬁm?{'mqm’m (BeUva waginas, 2549)

Thiarigtham (2003) AnuangnwiAflveunesdsennuianaudu 10% nuindledy
TUsAu Astulensn w0 tluas 0.58, 0.17,1.16,10, 0.1% #NUa10U wazdwasanuy 3.43
kcal/100 ¢ (Enechiand Odonwodo, 2003) ”Lua'auﬁummiﬁﬂmLﬁmwﬂmﬂumjm flavonoid
Aduans Quercatin TneiiUTauLfisuiuansuinsgiu Quercetin IfiimsAnulaglfinaia
High Performance Liquid-Chromatography (HPLC) WuzTaaTzMinusaufildlunis
Fasziuszneudie Column €18 favazaiesndsuiife 0.05% Ortho-phosphoric acid
uwae acetonitrile §n31@u (65 : 35) UV detector 7l 260 nm Ny peak U84d13 Quercetin
‘Uiﬂﬂgﬁ 10.68 min waz@1s Ethyl paraben ?jﬂgﬂwﬁm Internal standard Uiﬁﬂg‘ﬁ 13.68
min AUTVNILIILIT AILLTAFU AUULUET AUYNADY LAY AULANIBAUVBITEUY
NUINNNLTUEUVDIAT Quercetin TuszninamuUTNTY 0.3-1.5 ug/ml dA1 R? = 0.9996

Panpimanmas et al. (2010) lavinsfinuuszansnanasnatiapesvaanisldayulns
wsdaenalugUaslsasndnmmsssesdoundu Suau 570 au Tnsuuadu 3 ngu fie nau

asuenidiunanvenariiuesd (Daflon 500 dadnsu/ifia) naunlasuayulng



masdaena (500 fadniu/din) waznguiilasuemasn nansinwmuingslunnngudiu
Tngjennsitundansliernsu 7 Yu Ussavravesmssnwilugiennngulsifimnuunnsig
fu wazlifinadradoaintu aguldmesdanalinalunisinuiadammislusses
Bounduldunndnannefifdmunaueiaiuess

Aimmanas et al. (2002) lavinis@nwanuduiiveanysdenauilunumaass 5
nau9ag 12 67 7i dose upnmafufe 0.03, 0.3 uay 3.0 g/ke yaaimdndasietu Tuan 3
Fou nudnwysdann Wlddnadenisdsusdamisiulafiningmionisuiniuves
oiviznglusgaiidudfgy

Chidambara et al.(2003) lﬁﬁﬁmiﬁﬂw’lqméﬁmﬁﬁuﬁémm Gram-positive bacteria
i’mﬁgﬁ Bacillus subtilis, Bacillus cereus, Staphylococcus aureus Liae Streptococcus 6‘5&

anmme Ethylacetate wag-Methanol Yo9dIRNYTasNAEn TINANITNAaBILAAILAALIN

s adlnnSaueuLaddsy

2.1.3 dUUANIANVBILNYSHIZA

s agnalasuanaulast e e InalanizegneBdugnunisinwiesduseney
maadl farsddgyiildsusneuannsuitsvosantlnsatintegdas funatendy 19y
Triterpene, Steroid, Stilbene, Flavonoid LLazmi‘Ui%ﬂaU?j‘uﬂ asUsenoumanifinuly

wasdinananslumnTen 2.1

A19519% 2.1 @15Us2NounNLANIBsNYSEane (Thiangtham, 2003)

Type of Compounds Part of the % Content
compound plant found
Triterpene.  “3-amyrin Whole plant 0.14000%

d-amyrone Whole plant 0.10000%
Iso-aborenol Whole plant 0.00030%
Epi-friedelinol Whole plant 0.00024%
Lupenone Whole plant 0.00022%

Onocer-7-ene-3-alpha-21-beta-diol Whole plant 0.00600%
Onocer-7-ene-3- beta-21-alpha-diol Whole plant 0.00300%
Onocer-8-ene-3- beta-21-alpha-diol Whole plant 0.00225%
Stilbene Pallidol Stem 0.00055%
Parthenocissin A Stem 0.00070%




a5edl 2.1 ansUsTneumLATivanYsdeang (Thiangtham, 2003) (51)

Type of Compounds Part of the % Content
compound plant found
Quadrangularin A Stem 0.00090%
Quadrangularin B Stem 0.00040%
Quadrangularin C Stem 0.00080%
Flavonol Kaemferol Stem 0.00030%
Quercetin Stem 0.00210%

Tuussmansanfeyinulumasdiann ar5ned9iu (Quercetin) Aoasivdusmani

@ o

° =~ i ) N = 44 =
d1fny e ndflauawtalunisdesnulilviifedudenluraonienuasUndevasnden &9

]

HuavnivinliAseinsvedlsaindamans ugnAnimedfiuvtisannia lufiviowad
oy woadwea (LOL) Gadedndunalniid A iidnslumsinenusmaendeniile uazan
audssdentaiJulsanaenidenttals Sniamediu fahliiiansdudnasiinead
WEAN13V818MIVNTAE wazsIutan1svinliie azwenlndd (Apoptosis) n39n13018 901
waslunsaswiulnresyadiftuuiiinln@le (Kothan et al, 2004; Hamalainen et al,,

2007; Suttana et al., 2010)

2.2 LAT9%U
fidnuasdundndimans I3usashiuuueu fignslassasiomaaiifa CisH;0, fauanslugy

a o sy v S o i i N o P Y
n 22 L‘Uuaqi‘mi‘mQWﬁIUﬂqﬁﬁqu@@ﬂ%L@%u@jﬂwq@ llll']ﬂiu‘ﬁ'ﬂﬂall NRDULLAN LLASNUHRILNANT

U
@ @

Tigmslunastesiunisdniau tesduuuaiissuazlaga vaedesiueinsuw Uaeiun1suds
voden Jesunisiinoendintulunaamaen uardosiunaamdendusauoanduls N3
Suussmudnuagnalinengludeimediiuluyinagaldiuduiusiunisyiaivesialan
a = ° i aa A 1 & a a ¢ a =

A 91nn15An¥ITIUIULINNYIT LAeTTiudeindulnladnvisuinundomasniden
(Vasoprotective) wagtislunisviieueesasaidoniila daglussuunmslualivulaznis

o CY ddy
MuUlaRTu



oH
oH

HO O

| OH

OH O

31]1'7; 2.2 1A59a519M19.A89815 Quercetin (Balasundram et al., 2006)

\nediiu Luasgnuiaiideglulssiansathuesndsdasglunaudosifivedn van
Tawea (Flavonols) sneaiunsinuiininuneuduisgusnmandvineavasalnesdildly
nstesfuiarsnualsadaeg wu lsaigatuialauaynaenden qndsiuneiss n1sém
wuAfiFe Frunsdniay shuetnsudt iy Fnudiguandfimeanddanuduiusiy

AauauUR uarsiueyadeaszvasaisiailiussd (Erich, 2006)

2.3 Wanlauags
unguvessseinginuluily dussussneuiuednnguluafigaueais Wailwuosd
Wuasuszneudiinalmanani (Low molecular weight) Usgneumgesaesvpianivey
15 pymou Nlassadaadu Co-CrCo tlunaumu 329 Taln 2umaniuudy (benzene ring) 2
29 (A and.B) L%amiaagiﬁmmmulvmm (Heterocyclic-pyran ring) ?fqagjmaﬂmwm
lasagsaae (©) é’qLLamﬂugﬂﬁ 2.3 (Balasundram et all; 2006) Insanunsauusidungugosniy
suvlsvaavgiteiiufunuihdasiadiugulsidu 7ogeldun dalauea wala van
Muea lolaailin nanluwweulslygiiiu uazwarnluues
nsidnoyyadasglvianasamisnaiuauldmean siue yiadasydaduansivi
wihfitestumaiAanssuiums oondladuiinliiineyuedasy asdueyyadaszdnilug
wuldlufle 7n wavnaldl NTarsUssneudseenniluedn (Phenolic compound) 18y
29AUsENBY (Brenda, 2002; Erich, 2006) Iagils189114n15398nUINUSUIua@sUsenaul
uedniinuluinuazralifinany duiusiuanuanunsaluniséueyyadass (Daduang et
al, 2011) fatiu Msuslnedn salivsoevnsitansuseneuiiuedneatielisnanietlule

Aofusyyadassuaztisandnsndesionisilulsnsieg 19



2.4 g13Usznauiuadna
Jungquuesansuseneuniivngleasenda (-OH) 1 vy wiounndt defursuniueyls

wiEnlalasimsven Tanuvainviaeidelaseasneunn fguin 2.5 wiisueaiianueaeiv

=

weaneseaun Judllassasraduezdvindn dnylansendasesdivatevesnsveu usiluead

nyjlansondareediviuniuerlsundnlalasaiiueu eandiauduegiuiwmiueslsundn
pg iU azeendlauinzegiulalasiaumeiuszegrmaiug lalasaunvylansenda
Jaawsaianisildsuwdamianiiliine viliflueainnnudunsageu (Vermerris and

Nicholson, 2006)

g‘lJ‘ﬁ 2.3 lassa519uasiiuea (Vermerris and Nicholson, 2006)

asusgnauiuedn Lluansulaainnszurunisaequesivlussnannisiaduivle

a A = \ a a a a A Yo o a
wazluanmzfilanuaien 1 dnendnishnlia dn1siitiauining dn1eiilasussd
danilaloian wagaun wuadlunngdauyesiia dunuivdfalunisasayiiuln mswnsiug

v e ::g{ o v A d 4 a 3 v v Av k2

nstesiuassiesualse vimthiduaisiueyyadasy Wuaslesiuieddanihllown
[ P & 1 = a Y YY) Y
wagtluaaslialuie dnlue msansussne uiluedalis numgnsUssamandaanizi
iy aalisavn sarae [Wuanslind nduse waglanslesiunisiinUfnieeendnduly
nansiue a13Uszneuiiuedaluasusznounilslunguuesansngnuail (Phytochemicals)

a

Inuanan wardanauURi 19NN 1R wNwl ENsnau desuteadunss Snwseuy
@ v N a ) <& v ¢ v A vo a A @
e sadun1siineandaduw tudu Insuselosunanntasuannaisusenauilusinife
N139UNISIneeNBngU teea)Usenouilusdaliuimuifiaueyyadase (Free radical)
ﬁaamﬂﬁa:mamlaﬂmww%@Lﬁﬂmammawa@aiz warduloeauvadlansNanuIsaLsInIg
Nnufiseneendindu Usinuasuseneuiuedansyaiwegluiloialasigaguasiivuansi
U d' = a d' 1 95 I~ 3 v L3 d' d'
fu lnefaisusenauilusdailiuazarsdndusanlsenauvasntiyasd usNaisusenaun

H 1Al a a & 4 v ~ ~ a a P
azangInuegLiAilea uarfiiilailasuuanvasvynuasusenauiluedaluyuSuiamas
nbeLganuluvasiia (Balasundram et al., 2006; Naczk and Shahidi, 2004; Rice-Evans
et al, 1997) lagusurarsusenaviiuedanilegluniviuiuegiudadesiiag fe Wui
wzdan 918 an1iElun1sesaiule duvediiv nszuIun1sulsy wazmsiusnw (King
and Young, 1999)



10

2.5 NANNTOULITER

lunseuwiadanlaeniluldorniasewduinaidluniseuwis anuseudianain

U 14 1

nszuaoInelUSsArTan eudoudulvggrldlulumssamne Tnsveavaniiognielutan
\ndouiloonindsinfanlasnisiadouiiuualan? (Capillary flow) Fadunaunainussieia
Feflanmmunananuuandrsresanaduiuresenudu Snvaniseuuriadunisesune
UmﬂQmaaﬂmm‘dﬁauLLﬂaﬂmm%umaﬁaqiuiwfmﬂqia‘ULLﬁa gﬂwammim?{auLLUaa
AnuTuLansuilaiduresiafiudsuudadly Faguil 2.6 TasunArnuduiudsening
USnaamututunatannsosdsiansandugasmudnuaznistismauieunagnis

fewmANuTU Jeasnsatundutimne laned

2.5.1 429N15USUSAIZLUD9AY

90307 2.6 agflugas | ifuginsusunssuni wayguil 2.8 agluaas A fs B 924l

U U U

N
adad a % 4

QUNYUNNUHIVBITAN DURUNFHN1IZaNABNIIANIUTOU WasiinITTENYVDIAIUTY

q Y] 1
1% 4 1

a & aAd a Y | o v o\ I i < £ oA A A & & a X
Lﬂﬂmumwum'gﬂ@\i')aﬂ ﬂq@miqﬂqiauLLMQGUENQ?‘QNF"I’]LW@JQQ%UL@J@QN%Q@JLWNGUU(GZNE]']QLillsﬂu

AYNAIYINIBNAU DT UTUIE AN 1IN TR UMY

2.5.2 9499995INI1T0UASAIT

3T 2.6 aglut Il uagsURl 2.8 aglurae B fe Criluteiianiinnniugied way

a a o o 1% Y a < a8 A o ) i =~
UILIEUNT aﬂL@MlU@UUuq@ﬁﬁg (Free water) "ZNL‘Uuu’]‘mLL‘V]ﬁﬂﬂ'l@%iu%@ﬁ?qﬂﬂaﬂaqﬁqi 2134
L 3

N3NIEAIUEIRUIENDUTBITITUUALS N2 hiudsus santin ddwiedesdiuufisen

a 6

a a o goj ! &J v I 3 A A a 5 v
\eiuazduvsdantsathind il luewnstiesduseneunasarevioiinneaaseniy
Wldeduiniey edAUsgneumaIlliiuseiudy wazedluaniiy Adsorbed water waz

Bound water d@auiiviasiduindase (Free water)

¥ ' o
=< aa o

YMDATINITOULVIAIT N1TONEMUIALALNITONEMNAIINSDULNATUNNITa

dmiumsesuuinlsaufeugungiiveianaiivigumginssiwiten Jadeddy

[y v oA a &y e < a =2
BATINTIBDULUY AD BTN AUTUAUNND LAZAINNLIIRU (AUUIF Immsmqwﬁ, 2540)

YSunahiiiininvesianiidia lesaninegnelulanadeunieanuiununiiieg

Y

Usnavtnisemeluag 1 fisans UDaSEAUNTaNUNUSURITIWAIALS IIReRTINIS

° % aa P = ' . . ' a
NILAIAN AN Qqﬂﬁ/]llﬂ']il,ﬂaﬂuuﬂaﬂﬁﬂﬂ'ﬂ Critical moisture content I@Sﬂ'ﬁﬂ’]EJLV]lI'JaLﬂW

a o a

1NNITWNSLTDIUIINAULANFAIIVDIANULTLTUVD LU NRM AR LaE ND1NIATAUUDN K30

9
[
a1 4 o

NANMDNTYNTIIN UINANUAUNIUIUNITONUNANUSDULATLIRANTNEUBN TaRTA LD 1N

q

FENEINATTANR0g1933m57 dnsinseuwiediangs Tunneessiudin wmnaaudunly

N13ANEMANNTOURATLIAANTAEUBNTAININ UITEMBIINRITARLITT §05IN1TOUWNAY
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£

Tugy9ildl

[
1 1 ' i

Aiey MetldunnsrudufadItatAud uniulun1saneAIuSauLazIIadNT

euenanuuszulaerduusednsnisaemaiiuseu (Heat Transfer Coofficient) hagen

[

1UszansnIsanemnuadns(Mass Transfer Coofficient) #Nua1AU tneduUsEansNiandAl

[
[

Tuegiumanusmaziirnanisivavesinalsniseuwisinuiasdundn

2.5.3 ¥299NIINTBULIANAT

3u97n7n Critical moisture content auaATerasnsvius Tnsfidnanutuyos
fanisuanasuulidudadu lnesnsinisanasweseufudes anasiunainisouusidl
Fusntu ienitnsnsniseviiianasdisiinis FagUfl 2.6 B9 Il wazgUR 2.8 o)
lugae CAe D ﬁwﬁaejmﬂu%@m?{auﬁmé’aﬁa#’f'm’j’]m'iwwmm%uﬂ’mﬁwaﬁaqlﬂé’q
01 laeiAamatheimenindeuiaznisiemiiatumeluiouasiestag anudumu

a1

somsindoufivedluanautuianduiimupusasinissevigvoni aanivesianings

q
(%

nigamginssilizilen-sadaslusun 2. 7atileauisssll luanaineluianuly
| | & a [ A v = o = & 9
WHINIEAUETULY kaginansseiveidulodn slaguil 2.7b unsevislunanmntuvesian
LA uiUad 9799198 1ladnNsEUTUNITRULINEALAR FagUT 2.6 9397 IV Lag3UN 2.8 o
lugne D A9 E lugasgavineresnnsouwis RavthvesTandeamailnalfgsiuanniAuiei
sy uiliianathivideeyintes Sasaunsosavelddnaunsyiaineuduauna
YU NAEANLTUNIETUIAAWIAUAIINTUTBIRINIAL TGN Y Wi Tandanadiliians

g A <& v Y o P
u’]@gLWUQL@ﬂu@ULWﬁUU@QEUW 2.7¢c

High

bqil:iil meisture content

High

Heat muru&: 1.emp¢[‘ﬂs't'llr\eh

Material temperature

Free moisture content
Dry weight moisture content

Critieal
moisture content >~
Equilibrium

w

2

:

H
1 "“-.._______ moisture content |
: : ~
i :

Low

= Time

I Preheat piriod

I Constant drying rate period

Il Decreasing drying rate period first half
IV Decreasing drying rate period second half
WV Equilibrium drying rate period

= Dry weight moisture content
= Material surface temperature
= Material center tempearature

Uil 2.4 n51UAsuLUAsUSIIAIAMLTY (Moisture content) wazgaun il seninuus
(Heat-tech Co.,Ltd., 2015)



12

(a) BILIAINTTOUMAIANAIT1NNLY () FINIAINITOULIIANAIYINTNED

Drying-gas flow

(€) I InFUaANITRUWAN

g‘dﬁ 2.5 MsuwwsnIzateanuvuludan (Foust et al, 1980)

foyednuaniseuivisdaudidy insndudeyansudsuuUasaamduses
Sanituiaan SoibiUfdRnuasessynafideddlunisauistetagildenutunud
Fasnns suhluganuannsaluniseonuuunsevaumseuLisiinzals

vanandedanifetosionsivisuulasimiduiunauda fetafuinsan

N58ULIA (Drying rate, DR) anpdauadnunizn1seuwialansaunis (2.4)

DR=——"— (2.1)

[

We Mg = wauisvesdan (g)
A

17 '
U I

A Aa a 9; 2
NWUNNIVBIIFAVILNANTITTISLAYUN (m?)

dmsulunmsmen Ms vesdangalaainnisiienianileuliwisulifinnudumiees
weliduladrisnsihunldlunsmenanawivesiagiumunsausgwsiase lunsaily

N31UA A fignaszydnsinisevwislusUvesnatnsewmeludentaiieald
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f111A19MIN15OUWIAS (DR) Was19nsvanudunusTuUSuIaAut e (MC) Tavay
1AaniTendn 1EUlAIRIINITOURIS (Drying Rate Curve) fakandlugui 2.8 Faunns1aain
EUlAILERIANNFUNUSTENINeAANUTUTAsWlUAUNEAT T958n30 LEULAINITOUWIAY

(Drying Curve)

Drying rate (kguser/ kg -1r)

A

Fa]]ingmteF Constant rate Lsting rate|
I | |

C B

A
M. = Cnftical moisture content

¥

Free moisture (kg Kgeotia)

JUN 2:6 dnungYeaulABnIINITRUL (AuYTR Tanasaigns, 2540)

2.6 WUUTIABINITAUKIY

n1seuuiT iunssaunIImsthemaIseLlasInA teResN T gNa N an
AUt 9INNENNITUBIEN YA MITOULII a9 U5E NBUMBTassn TN B LAY 3 ©a TolA
fransUSuan oL (nitial Adjustment Period), F9EMTIN1SOVLAIAST (Constant-
rate Drying Period) 4az¥148ns1n1sausitsanad (Falling-rate Drying Period) ag14l5Ana
T¥agvideTanmsmsinwnsaaulvg Weeuwiuuymsninnadeudsngiieaadninag
puwtanaawiiiy Fauutsiaesnmssuuieldiulutagiuiandeuduiudssvinednrdu
mm%usuaﬁaﬂ (Moisture ratio, MR)-kaizs3a b 1so Ui (time, t) %qluquwﬁﬁlﬁm
Junanmsfinsandnuneniseuiidurisdnsniseunianantuientu Tusswhetag

9r3INTBULINAART HantwesTanluiladudilumetn@aunnAieeIng1WnsIN1TouwAeAad

| 1%
a a1 o v o

WaennsiadeuiivesinanneluTanluiiiada1mningnsnissemevedioanaini

e

an dns1nsszmeinlugsignauaulagauiunusentsinaeunvedluianavesiily

o)

Tain TurgNUSUUANLTUTDTANARAININTNRATINGRA ANYNTNYBINTEUIUNITBULIIARAAY

NIDUNUDHTINTOUWIAG
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n1spuwiaiagmIanIsinastaeilueglugitwesdnsinseuwisanas Tununefsdnsinig
auwisanaseg1eselllesluszninensouwis 9In3UT 2.9 uansnisildsunuaininuduuag

BMIINNTIUWALUSBUTIBUAULIAN

Moisture content
Drying rate

Time

5UN 2.7 NMIBUUATIAAN1TN YRS IUY RS INITEULAIARAY (FUvR lanaisaugns, 2540)

st EdasnIsauL et TanmanuasluTaesnTnIse Uusaaasduraudig
Fudounintiedasniseuliansil nisieseinalaniseuiilildfinnsanaingnisaewm
mm%’auuazmaﬁﬁ’smauaﬂmaﬁaawhﬁ?u WAABINANTAIDINALNNISOIBWAI NS DULAE
nsunsArmtuneluTandae Snquininaeflesurednungnsouutiuiannuasluts
$n9INTT0ULVIanad LagLaNIy AN 1TBULTINIEE]T (Semitheoretical Drying
Equation) 8% g3n 150158 UuHILdaUszant (Empirical Drying Equation) fi%a8luns

dl Y Y
DONUUULASBIBULAS AR

2.6.1 AUN1INITBULTNNING )

anvaznalnanenmasnEudmsuTaanvasniilassasenmeludugniues

[
v

Wetululuunngg fatlfe

1. nsndpuivestiugUresetnaiilesdn Capillary Flow Fudunaunannuseds

N7 (Surface Force)

2. M NV lUUVBIUBUNANTBIIINAIULANA 1 VBIANUTUTUYDIAU Y
(Liquid Diffusion)



15

3. ﬂ?iLﬂﬁ@UﬁsﬂaﬂﬁﬂugﬂﬂaﬂsﬂaﬂLMﬁ'JLﬂj'@\?"\]'mﬂ']ﬁLLWfﬂ?WN%ﬁUUﬁ?‘U@QEWEUL%ﬂ‘]
(Surface Diffusion)

4. ﬂ?iLﬂﬁlau‘ﬁ“UENﬁﬂuzU‘UEN‘laLﬁlaﬂlﬂﬁﬂﬂﬂﬁﬁllLLWﬂG’i’N‘Uaﬂﬂ'ﬂllL%}N%}u%@ﬂﬂjqu%u
(Vapor Diffusion)

5. mawadouiivedletiluzuveslotniiowiananuunnsavesgumgd (Thermal
Diffusion)

6. ﬂ']iLﬂ’gQU?IIGIJEJQ&WIUEUGUEN"U@QW?@']LLBSVLEJWE']Lﬁ@ﬂﬁ]’]ﬂﬂ'ﬂﬂ&ﬁ]ﬂﬁi’]ﬁ]@ﬂﬂ?’13~I§1}u333~|

(Hydrodynamic Flow)

3nnalnnisirdeufivasinnieluiandinand Luikoy (1996) laad1suuudiasanig

ARIRANERSLAAINTTUAYLIYAIANLTUYRYTER BMQITaLTaR WagARINALTIN A9l

oM
= = V2K M+ V2K 50 + V2K, P
ot

00
== VK, M+ VK, 0+ VK P
ot

op
N V2K, M+ V2K, 00+ VK P (2.2)

18 VM = muauiasusuas
VO = aumginiuagunlag
VP = mausuilivagunlas

Ky Kip ey Kas A Phenomenological coefficients

AUNITRUWIVRY LUikov tuniseuwisiannisinunsnglidiladeauld iy n1s
IraresanuauLiesanANNLANA19YeIALAUe 19l Tad A IAnTuan1lunTO UL
v &

Tanuue Ngamgiiasnitvigumgiinldlunsevuriamly dufe awnsadaneuaufiules

a1n15 Luikov 1@ savjuannisniseuwienile Ae

oM
— = VK, ,M+VZK,,0
ot
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0
— = V2K, M + VK0 (2.3)
ot

INAUNTTN (2.6) ANUTNBTUIEMTOURIAZ NG FNTTUVRIANUT U TAAN ISINYAS
lodnn wilunseuwisassonsliiasanmsivasunuasgamaiiniegluvesian ienTan
uiuarudedinisdsunlatgamgivesunn AauwuuTIaeINToULiImgufiliwans

AIENNTS (2.7) FUTENIT WUUIABINISANENNIAVRIANG (Fick’s second law)

oM
— = VKM (2.4)
ot

lngnaluinnisinaveserudunisluiannavulagnisuns fay Ky = D (fuusyans

1 d’j dl
ANTBLWTAINUVU) AL bUD

2\
V2M = (2.5)
or?
a1nas (2.7) Fa@unsadigulen
oM oM C M
LD £ (2.6)

We M= 8nsn1sanewnng, ke/s
t =S
r= SELULNIGAITUNTAMUTIU, M

D = dUUITENTNITUNISANUTW, /s

C = ANASN

Tne C = 0 dwsumsundeutulutaguiuuuudsninauazennunn

C = 1 dwSumaunsanudulunniafivesTaamsnszuensunn

C = 2 dwSumaundanudulunniafivesTasmssnan
Tneftoulusudunaztoulvvouinainisadouldin M (r,0) = M(in) uay M (rt) =

M(eq) waznnuualn
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M—-M
MR = ————— 2.7)
M, _Meq

e MR = 9RSI@IUANNTU

Miy = AINTULTUA, FIUWA

Meq = ADNYUANAR, FIUWAS

LagAINBUVRIANNTT (2.10) TIABARARBINUANIZITUAY UALAN TV ULIANINGAN YL
sUNTevetian anansadeulanail

AU TanUANL NN a8 1INN (Infinite Stap) @1xnsaldeulad

3 }® 1 2n+1)2 t2Dt
MR=| =2 ————exp|= Prt)? n (2.8)
12 Jn=0(n+ 1?2 a2
ilo n 2 dsuTve ety (1, 2,3..)
L = A2 umun093de) (m)
Asunssnay (Sphere) TiRSEdmafy 1
6.} 1 n?m?Dt
MR=| — 'Y —exp| = —+— (2.9)
%2 ~ (2
n=1
dmsunssnszuen (Cylinder) IRSELYNTU-r
0. 4 BriDt
MR= 2% exp| — (2.10)
2R2 2
n=1" Bn r

A ¢ o s ¢ o v A
e B = 311 (Roots) vesiivrifuiuairaseinpsgudnuddiui n

winlgdnauns (2.11) fduunennilifinduge waziwowvnaaiirianadsose) wle
1A UNTDULALINTWIULREIAUALNT (2.12) hay (2.13) Wanainseulisiamnnias

ANANULANAIILBYNTT 5% 919A51873UYDd Dr?t/r? A1u1nn3 1.2 (Senadeera et al.,
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2003) fafusenaiamenineeeniuld Tnsadfiamzmeuusn (n = 1) Feshmeufildensly
Anluanniin Tnglawiziilenainsouuisiiinunn aanansaideuaunisivdmiviagusy
sy Yaquaanauuas Taansanszuen auddulddsd (Lee et al, 2004; Gachovska et al.,
2008; Khazaei et al., (2008); Vega-Galvez et al., 2008)

8 2 Dt

MR=—exp| —— (2.11)
2 q |2
6 2Dt

MR =——Texp| ——— (2.12)
TEZ |,2

a Dt

MR=——exp| =% — (2.13)

FZBZ r2

AFuUsEANS nITLNT AN TY (D, Diffusion Coefficient) LﬂuWﬂiﬂﬁLmafﬁﬁﬁmiu
aun"sTBINTBLHIINIU VYA SR uA Aidesthualtlunisdraesaninnisouusia
Tnpausialirndnsyansmaundnaduliansiinaendrevesnisousis (lafufuauii)
ﬁmﬂizﬁwém3LLW§'mm%juﬁm;nﬂw%aﬁaaﬁﬁuagﬁuﬁﬂﬂaﬂmLmﬂﬁhwmmmﬁuvmmsﬂuLLaz
meuendan gungiiflilunseuwisTagyilidmnsilenieglunagmevenunnsiady
sURUUYBsaNng Ahenius LIufideslunasiiildiues launsvaneienia wduius

JEMINANUTEANTNM TN IR IIUTUAVOUNY T ULV WaRalpAsauns

D= Doexp - (2.14)

e Dy = Arrhenius factor, m%/s
E. = Wasaunseey, kl/kmol
R = A1ASTI989% HAWWINAU 8.314 kJ/kmol.K

Taps= QOUUQNANYTAL, K

NIPNURENUIAFUUTEAVENITUNTANUTUYRITAANSINYATTOUWRIEIENT

W1ANUTeuagluYe 101°- 107 m¥/s (Doymaz, 2005)
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2.6.2 HUNTTOURAINING YY)
LUUT1A0ININGUNAAINNITAMUIMUUTIa0 N 19N g uf el lad1eTuiasain
wuudtaesnlaannududeunas Fick’s second law tnglidndusesauufgiuiiendu

% 4

sUnsasvndavesian lnensauyAingnsnsevuismeldannzasiwusiududndiy
Imamqﬁ’ummLmﬂﬁhwaqmm%umaﬁa@ LLazm'm%uau@a PoauyAgIUfINaAaIeiung
n15L8ufMves Newton fegnaaunisnsouuaimguiuanafiniseil 2.2 uinnugnios
mmLLUUf\Twaaﬁﬁ@aq'LQW’lzﬂ’mTéﬁauhé’m%JUﬂWiauLLﬁqﬁﬁﬁmimaamWﬁju (Fortes and

Okos, 1980) @1N15AINa1TLUlARIT

dM
~—==kM-M")
dt o8

=—kdt (2.15)

My 1
Wi dhrem ket (2.16)
M. M —Meq
M(t) —M
eg
I~ 2N (2.17)
M. =M
in eq
uazdngULUUANRITI.(2.20) T6
MR = exp(—kt) (2.18)

d' ] a{' v
b Kk = AIAINYDINTITDULLAY



A13199 2.2 AUNIINITOULIINMNEG W)
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i Fowuusraes LUUINaD9 919949
1 Lewis MR = exp(-kt) (Lewis, 1921)
2 Henderson and Pabis MR = a exp(-kt) (Henderson and Pabis,

Two term
Approximation of

diffusion

MR = a exp(-kot)+b.exp(-k;t)
MR = a exp(-kt)+(1-a)exp(-kbt)

1961)
(Henderson, 1974)
(Yaldiz et al., 2001)

2.6.3 @UN1TaULLIIUsEANG

A1NIINITRULTATIUsEINY Aagunisiasennuuliudeyanisnaass Fardunann

ANANUAUNUS IALNTITEIINNAUTULAZLIAINTOU S Log liRnnns T nes N e9a9n U

nalnN19n18a W (Ozdemir and Devres, 1999) ANasNYasaunisa Ui dunissiuiuveg

AANUANITAROUNILAR VUL UYL D ULIN L1 NATUWIAUT (MOisture diffusivity), N3

111A11u30U (Thermal conductivity) kagduUszavanisaBmaAINIdULazNIa (Heat and

mass coefficients) FINUINENNTOLTVIUIBONTINITOULII AR LAdToaNAtuLs ol

NS BULINABINITASINUANIIENISNAABS B8 NANNTIINITIULMILTIUTEINWWAAIA

AN5199 2.3

AN 2.3 AUNISAITDULAUTIUSBANE

i Fouuusiang BUUIIRDY 81999

1 Page MR = exp(-kt?) (Page, 1949)

2 Thompson t=aln MR+b(n MR)> (Thompson et.al., 1968)
3 Wang and Singh MR = 1+at+bt? (Wangand Singh, 1978)
4 Midilli et al. MR = a exp(-kt")+bt (Midilli et al., 2002)

5  linear-plus-exponential ~“MR-= exp(-kt")+bt+c (Sripinyowanich and

Noomhorm, 2011)
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.4

Y Y aa
2.7 N152ULKINIYIIADUN TN
n1seUwIIesddunswsamdalasuauaulalulaguliesanivefnaluaeia
agalsfinuiielmdlaifesfuniseuwisieiddunsusadndudefiniuiiugiu

fasabudl

2.7.1 NANNISNUFIUNTITUHSSF

o

Wunisunseenlivssnduntdinanininlaeflaidndusosededinas Aanud
(Frequency, v) kazauemnau (Wavelength, A) vaspduusiiwdniniiludnardagduly
Aauns A = o/v lnefl caunnmsavesaauluinalsiug dnglaquleligumgiiaindy

Audduysal Tnguuqussidausou (Thermal Radiation) sanua. Fudunaunainnsduuay

=

n1snyuvesliena sznelwazdianaseunteluinguu Jessdnausouidnilundu

1 <@ a =& Aa A ' o aa < 1% .. |
LL&JmamlﬂﬁwuwuwmwmmsJ’nﬂaumamamzmwmammmulm (Visible) 594

o

dunsnsm (Infrared radiation, IR) LaLUI9EIUTBISIA

Y

anslalaan (Ultraviolet radiation,

1 1 v aa

UV) dausedsusisnsatudunduusvianlniifedseninsS@iuewiulduazaaulalasiom

Y

A

(Microwave) f95 3UN 2.10

THE ELECTROMAGNETIC SPECTRUM
w o !
Wavelength __ T0*77 108 o' 10 aostooaped et a0 oS ot Wt et o et
{lin meters) I T T T T T T I T T T T I T
longer . ek shorter
Sizeof a 2 == lii] This Priad @ ;’-ﬁ.") o= .
wavelength e Bacibal ol b ot Wabeiviolecule
Fieldd Hodsie
X% &4 a1 |
name gf wave ADID WIAVES. el / ltlnru;ﬁ[-n" = ANTRAWHILET “HARE™ X EAYS
: | R S - “SUFTT X RATS CGAMIMA RAYS
A
} I
Sources 4 3
] ]
Mlum
el e T o Light Bk, nuun "f,‘:_,':’,;’;’
Rark Penple Mo h e
(:l':;‘:ep’:: i ! i ! ! L ! ! L i '
sacond) w0 g’ 108 W10 101 10" 4" “goMt  10'5T0ls 10" ols 0"} 1020
Energy of Iovaer hiigher
one Fh?]{nn 1 L ] 1 1 | t 1 1 | 1 1 | 1
L [ T TR TV L T [ T |, L o T U T+ ' [V [ [

JUN 2.8 uansaiUansuvesrdunivaniiih (nua wae, 2553)

Fe@dursnsadmnueranaulugag 0.75-1000 um laeuusgesladu 3 429 Ae $9d
dunsuIalngd (Near Infrared, NIR) Feiadnug1iaduagluyae 0.78-1.4 um S9dduns 10
na1e (Middle Infrared, Mid-IR) #siiaaueninaueglugie 1.4-3 um wasseddunsnsalng

(Far- Infrared, FIR) @3ilaa13812ndusglutag 3-1000 um (Sakai and Hanzawa, 1994)
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dusunisianuseulaesddunsisn Ssddunsusalnatieldurissd@imanzan Inemau
awnuudmdninihinzquinlulutanlunseduluananeludan vililuanaundu waziie
ANNSOUTU (Ginzburg, 1969; Hebber and Rostogi, 2001) 31nA13ANYINNNIUNN N5l

wAtANseULLUUBUNTISATianALTWesTaRe N SWAE Jannunsraevin 1adinns

[

FUTUITNITOUBALUUDUNT WA LY TLOLLIA I UNTOULAIAUNI AL TN AT ULDENIINNS

DULMILUUANSDU (Khir et al., 2006; Nowak and Lewicki, 2004)

[ [

L QII Tl A = = v ¥ 1 & a U d‘
Togianunsaunsedeanuvseganiusidlaegsauysalisoni1tingd (Blackbody) 7

q

=

gaumgiinazaugnaduaniznisg Liliivesinglaausausssdesnuilagingsay

(%
[

winningen Ingaraiursogeaniusidiannsenunanalalaglivuiuaueied uiag
Aenanannseny Mmoaseaiu Ingiunndaguesnunlusuyessdeseadanaluyne
A9 3NNNIANYILAEYINGRIY8Y Joseph Stefan WUIMENUNLBENINN TN anTls

Mg warsenieuetun-LJuldauaunds
E(T) =oT? (2.19)

Iauil 6.=567x10% WmK* 158071 ArAsNUoatanIu-luayiuaull (Stefan-
Boltzmann constant) wag T Lugampiidnysal (Absolute temperature) buntizaiaaia

A 2 vo = \ v & &
ﬂ’?!']llﬂﬂJ‘W‘UﬁW’mEﬁllﬂ']i‘iﬂﬂiUﬂ’]iG\i’Jﬁ]ﬁ@UIUVI’NVIE]H{]I@EJ Ludwig Boltzmann aeuuannisu

o

= Y v U al 1 o L T U
mg%ﬂﬂﬂuum‘um Stefan-Boltzmann law Lagisgn £, 37N 183UBINITLNTIAVDIING A

q

(Blackbody emissive power)
3 €9 v o w U A= lv A
nguasamnau-luanal IAvesindeveinisuHTsasa dunasuueansuisea
AADANNAINYRIANUYIIAAY TUATENABINIINTIUNEINATINVINFIUN TSI FVD I T0g)
a1 Nilgumiduysal T deniamiignan sevilauasiiui wagnenilantioninue1inay

A aa o i =% s 1 v o &

YospRuTNANEIAAUANIE L Amis nguatawmt-luaruuiliatunsanila dadu Max
= VYo =¢ = Y = v % 1 A
Planck Fslaaunaunisillasnisiweuleadafiungujareudiveaet aulaaunisivd

= 1 (3 ) o
L3UNIN NOUBIUNANA (Planck’s law) ANdiNS

<

B [exp(C 2/xT)] -1

E,(A,T) = (W/m?.um) (2.20)

Taofl C; = 2nh C2 = 3.742X 108 W.um*/m?

C, = hCy/k = 1.439X10* pm-K
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T = gaumaiiduysalvesida K
A = ANEIARUNLHDDNUY um

v '
A a A

Anuduiusauaunisildlaiuiuiieglugyanavseainia dmsudinaisdug
foduwny C; Mg C/n? Taedl n Ap Autviniy (Index of refraction) Ya4A3NA19TU
\Hegumiigelugngonvesdulawiagun 2.11 eulunisiuniiainugiaiuiem
1 a dy o (% ) a a a . y
N1 AueIRdn w gaeealdmiuiame Tlaq Wulusungnisideunvesiu (Wien's

displacement law) A9a3IN13

(A Dmax power. = 2897.8 pm-K (2.21)

{ 1 ] e
3 3 3 S,
Eya (1. spectral blackbody emissive power.
W/im? um)

i
©
-

1000°R
(556 K)

)
e

T = S00°R
(278 K)

~ | L1 1 'l 1 11 1 o |

4 6 .8 10 12 14 1618 20 22 24

A, wavelength, um

10

a a 1w a (Y] o al a 1 ..
5UN 2.9 N5MLARIAINENARY U IALDA I1NNITWNIITVRNINGATIRaNNYIA19Y (Ozisik,
1985)

2.7.2 MIganauedEdunsusalagi

[ [y 1

aa o o 2 & a e T Y = s =
5QﬂauW§7Li@‘i’lLLNVL‘USﬂﬂﬁﬂﬁﬁuuqﬂﬂﬂ@@lﬂaUIﬂEJGU'L!‘V\IaNU'N6] VBIUT ULV 1@14'] nIo

9 Y
1 '

a13azanen (water solution) Nfleglunalanis (capillary) Meluianvielaglotiindy
U9 Ta0 FIN1IRANTUTIAIUNTUIAVIUNAN UL WANANAUAANTUTETNA MU TLLANFI

ffu Jamieson et al. (1963) wag Saprrow and Cess (1970) wui1letiil 0°C aunsngandu
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$edBunsnIANANEIAGY 1.14, 1.38 Uay 1.87 um latey uwigandussdiiniueniaiu

'
v aa

27 uaz 6.3 um 1A dhudluanugveanan (iquid waten) 7t 25°C gandussdiiniuen
AU 1.19, 1.43, 1.94, 2.93, 4.72 uas 6.10 um 151388LLGi@Jﬂﬂau%ﬂ?Iﬁm”liJEJ’l’mgu 3,47,6
waw 153 pm 187 Fauanslugd 2.12 dmsunisgandudeduaslothilgaumnd 27-827°C
Juagiuinalethwoiiuil Armdy wargangll dauemeiinansgnutesunndenisganiu
Yedvedloth uenniigavuhemmmuesiiduthiinadernsganausddunsiandsg
7l 2.4 TngiluanugreanaSugandusddursusndusfidufifioueune uasiinnumn

10 um ansanaAnausaalannae

sz; ;-PLT P o« PROTEINS
9 & oetrS L SN N ape
= Lol o P ""”Pmm'i*lu o = SUGARE
E u}'?; . T L« LIPIDS
o v I | _f{ = S

Eﬁ«. ) M*'W"WATEE
— 1 ¥
2 o N L R

<
8 b TNISIA) T bl Ty
X 2 N A 2 B 9. 0 . TR 13 1 i
= O o A2 B3

WAVELENGTH  um

JUN 2:10 ghun13RnNaUTIAIUNT L IANE AU IR sAUSENaUNANYBdaN IS e UL Uy

auAnIunsaanausIaEdunNsuIaveniluaa Ny Lad (Sandu,. 1986)

U Aa

A137-2.4 N1IAANAUTIABUNTIIRlneildudn (Sandu, 1986)

S AINBIRAU um
ANUWLIRBINANLY pm

3.0 4.7 6.0 15.3
1.2 0.80 0.04 0:30 -
3.0 0.97 0.10 0.55 -
10.0 1.00 0.35 1.00 1.00

2.7.3 N154anUaguAIIN5aUTTNITINUR

1% !
A a =

PAIUINNANTHRTIFANUSBUNDBNANNNURIANUR VTS () 1BTIN1SNTENUAIUUY

1% '
A a o 1 v A=

fuRafges (j) 01vlasunisganduvseasvioundu uidiuiadinaniluingan $eddann

nsgnugneandulivianun Anusouannsuusdaninguilienamemandadninguisla
UNEIUNTONINNA FAdIUYDITIFANUTDUNANATENUNURT | ADTIdANTOUNLNDDNAIN

X a . a ] . & a o ] ) o
WU i 138121 view factor #38 shape factor (Fj) N13LaNLUAEUAINNTDUTZUNINNINGAY

9



25

gaumiunnsaiuausalansauduiusegluaunisvesaiunu luaduuuiag shape

factor

Q, = A xF; x o(T* - TJ.“) (2.22)

g Q, = dnsINsuaniUdguanuTeusERITInga, W
A = WuRvesing i, m?

F; = view factor %38 shape factor S¥93M9WUWH7 | WA j

6 = AIAINYEY Stefan-Boltzmann = 5:67.x 108, W/m?2.K*
T, =gamiduysalueeiium i, K
T

o

Y
= o A ()
j /= QUUTANYSAUTOINUAT j, K

nasia1sutdguinisuanivasunaiuouluvsiiudiaeusoumeNuR a8 9

' v
a A Y a A A A

(Enclosure) wagtTuNuRINI 03995 oWURAWA (Gray surfaces) FelinsayyiowSedanusou
<§I a av A 1 = 1% | g a 6 al 1 d’lj a
28NN NNNUA IaedlSsdunsdaugnaandulivinuu lumslieseiauuaiiusas ity

enclosure 1aUNQHLIIAUYNIA (Isothermal) kagHINA19IENININURHINAE LU Enclosure

v A £ o

a & — 5 4 = | l a
guunnUuy Nonpartlcxpatlng medium A lmmmamaiqamwmau AHNIINTLANLUAUAY

v
A a

Fouanan1elu Enclosure MUsEnouseNuia i bagiiuil j aunsasaninuduiusiugy

a 4 I v a v a’lj
AUA1IVDIARALWL-LUATLLL AINITUHSIELAS shape factor Ay

G(Ti4 a TI4)

Qs (2.23)
G 8 1 L e
i J
+ +
z»:iAi AiFU. aJAJ.

A ) a % W . :
e Q) = BRTMITUANIUABUPRINTBUTENTING | Uae W
& = AINSUNSIE (emissivity) V09309 i

€ = AU (emissivity) 0930 |

Tunselin enclosure UsgnaumigWuRININAI@INURY n1staniUdsussdninusou
ansadsunulamedasiifitdauansdusun 2.13 wavdnsinisaieinainusougvsesn
PNAURY | TANVINAUNATINVBINTUANURBUSIFAUTDUTENINNURY | uazWURIDUY B9

A1UITOLAAIAMUFUNUSVDINGIIIUIINAITUNSIFANTDUVDINURY (Emissive power)
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WANIUAINTIATIUUATNDDNIINAUR (Surface radiosity) AIN1SUKNSIELAE Shape factor Tu

JUaun13

Ebi_Ji_ N 5=

v
L j=1 (Ai_Fij)_l
A

(2.24)

Tnefl Eb, Aunalleann
Ebi =0 Tiﬂ (225)

W8 Eb, = Emissive power A9INuA7 i, W/m?
J; =@ surface radiosity ¥oIN2. i, W/m?
Jy= pn surface radiosity. ¥09H7 j, W/m?

N = F1uuiuRIn1el Enclosure

1%

a I~ v o A A, g a A
:JJ"U‘Vl 2.11 NISUANINITUAALUABUTIARANUTDUTEUANNUNT | A NUNIDUE)

2.7.4 nalnnsur3Eduns LN

sUfl 2.14 oS uneianansannsynuvessiduuindan Tnedndsnuuisduifangadu
0l Tuvauiivsdugnagiioundueenlududiiin wasunsdungariutaglulaevanssly
Tukwifiamaiy ¥5ein1snmueeiad uaranuidees Sandu (1986) lanadienalnnis

Wasuwdassedaduwdimdnliinluidundsuanufeuneluiiian lnediaeanisunsed

dunssagumiivieiiaaunieianiu (Moist solid plate) sewansluguin 2.15 3@
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dunsusanuulnalasuAnudoNUIANNSENUUUR LRI VBN TARTUAUNTY TaeiuRy

v v a1l & = a . . = 1 v <,
ATUATIVINANLAITURUIULUULDLAYLURAN (Adiabatic) UNTEUIUNITANNANUTDULTU

U aa

wuu 1 ffuazidunssuruniswuulineda (Transient process) S3d8unssaiunsanungn

¥ 1%
IS U o

LNUTARTUAAT U DUNFIAIAIUAIMUAN FIAUANAINANITLIENIN “AIUANYDINTT

9 U

gouUR1a9a3 (Depth of attenuation)” Faflanwuziduduiug (Superficial layer) wagilu
Usnuiiinauseuieuai Falusindgumgil (Temperature profile) dengeitantugae
ANNANYBINTTBRUAAIA vrugiReIfwAansaemANSauneluLkuve sl 1ny

WM 1 (Surface 1) In1sgaydendsnuanuiouliiuainiAlagnisnianuseudlanios

110 AU 3 (Surface'3) anrsanonsuaESeuidngluisiuantulpenini
Aw¥eu fsagUT 2.16 (Manulaw 1) luanaziiudufinnsanukuTanduiuium
ArTuasERe TuinmsszinelutRNAnTeINseetdad (MINELaY 2 wag 3) N13
demanutuRedumeluuiuantuleyiunimesiinunssuve dluaniusveavad
LLaziaﬁfwm?{auﬁéﬁwwﬁﬁwmmﬁzmmﬁaamﬂmmé’ﬂé’uma6] 1Y ATUNSLaang, N3
wndanufounas makndualiaisfinagiwSoadu drunnsifiswesa uduiiiuiag 2
(M8 2 Wae 3) g’jﬂq&ﬂ’jﬁﬂlﬂmﬁﬁuﬁmﬁwﬂmLLIN"IJ“UENLLG?N (maelad 1) 1At usgvinatag

SUAUYDINT TRV EHBIIINNITUN S VRN ludausYe wvaatt1dn el uliu dan Ryl

Aodd A 4 ~ X ' Vs Wl S 1 & A e ! =
AINUYUNNUNIN 2 LWUYULIAAINAITUTULT N AU RN?NWai“ﬂ'ﬁ’]msﬁuwa%aﬂﬂqqﬂjqua

Uszdnsnaunsaonurfeanuidiin 1 lngdaianstuguin 2.15 Fednwaedenanilisond

v

U931AVRINITANYNUIALHDINIAINNTEUIUNMTUHT DU T 1IA 7 AsuuTamagluiienig

“

'
= a a =

Y83 sunSsdnnnsznutusesbifianuruiuannnawdnlszdnsua Fndudunanian

'
a

o o = A H ya Al ) H 1 ¢ ' = a a v
ﬂ"lfﬂu'ﬂaﬂ‘muﬂr]iLﬂaaumﬂ]@quq@@ﬂlﬂlﬂﬂmﬁjﬂ muuﬂwagaﬂm’]m’maﬂﬂisawﬁwauu

L% = 1

LAADUNBBNUINIYNITABNANIUSOULALNITUIAINTOL DITAALANUNAUININAINAINUEN

Uszanduasesltivalinog19duidnundas iy Asnasuns sdilugageg 393dnsaenanivieii

IanuRuitedlutiupumuiiannitanudnuseavsHaunssenuaimuanyssansuauay

Ty aa

Analiau1sna Ul bis17u nSe91al93 5N sUNSIdBuN I SANINNIN 1 Aeniadusy

(Sandu, 1986) M151971 2.5 BUIEEIANINE1IAAUVOISIADUNTUIATNNANNUTLFAaTTLAINIS

v

ANFUNGINULIUINTFR UarANAINNTAIUNTNEANEANNEATI 0 AINETIAAUTIY
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Radiation |:> Scattered rj

—>

Absorbed radiation

diio)
-~

Transmitted
:> radiation

5U# 2.12 n1sanasveansuHSadilennnsenuuuiadan (Sandu, 1986)

Radiation

Convéction

L

Surface 1
Effective Surface 2
rface
depth
-

AC

13 "apor

N

~

A poration fron

~

Depth of

attenuation

SUT 2.13 N170UWMIEARTUMIENITHNSIE (Sandu, 1986)

Radiation — s

——

———r——

Surfage 1

Temperature

Tir

Thickness
(a)

—_—

e
Surface 5 Surface 1

Moisture

AR

Thickness
(b)

Surface 5

28

JUT 2.14 Wslndgamadl (a) uagluslndanudu (b) 5813I19N150URAAIENITULKTIEY D

wruveudsrulugUN 2 e 1 AeReuludusiu uay 2-5 Aeanigliadaue (Sandu, 1986)
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(XY

M13197 2.5 ANUANTDINITNEANEAIBIMTVTARI) sievldndmnuTouiliosainnisussed

Y239UN0NTIE (Ginzberg, 1969)

Products Spectral peak, pm Depth of penetration (mm)
Dough, wheat 1 4-6
Bread, wheat 1 11-12

1 a4

Biscuit 0.88 T

Grain, wheat 1 2
Carrot 1 1.5
Tomato paste, 70%-— 1 1

85% MC
Potatoes, raw 1 6
Potatoes, dry 0.88 15-18
Apples, raw 1.16 4.1

= Yy aad a

2.8 NMIINIENECALNUISEUAIYITNUNINBUTUDY

UagUuiitnidelalvaiuaulslumssanuuunisneae uiemA L aanAae IUNUd
YIN1INOUAUDY wazyssiilunitumangauluaniazvaInIsmaass n1seaniuuiliseni
Response Surface Design (RSD) kagn15itasenilagnihanlsiioaumanouuainnvmaaed
Msgnousieiuiudadusiuvesnisnaaesatedady Gaitlianunsanunisnevanead
WNEANTIAR N13APUEIRITINZENE NN RIS It 2 Bnvae AD NMIREUAUBINIIN
=i : o o A ko & Y a
Mg (Maximum), kag nIReUaUBsAiIfga (Minimum) JusgiusssumAvesnIsNaaes
FBnstilagatimuiduasasniazesuislag Box and Wilson(1951)#lau Bradley (1958)
lawguunanunssusluigsadnmanswazada flvlunisiimuaisnisvesiuinis

faUaUDd (Response Surface-Methodology)

2.8.1 WUIAMUAALATNANNITNLY

NYITUIAUNTT
Y = fXy, Xy Xe)rE (2.26)

1519 Y = AmavaUInguLnale (Fuwdsniw)
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f = Heiduresnsneuausswed Xy, Xo,..., X, dadusuusidalsunu @Gulsdasy)

€= mamaqmwmamﬂﬁaueju

wingukuuANUsnsvasilsidunisnevaues £ dnlinsiuen wilnemluuansli
WiwdanusaUszanalalaeilsidudadunsimiedulAwesiudsdeusunanuduiug

[

YBIALN5AN0DELTUEUATY (Linear regression relationship) tussil
Y =By +B X, +B,X, +.. P X, e (2.27)

aun1s (2.30)sluasinisiugiuegrsdefisondt JUUURIoaun1saIR U (First-
order model or equation) dauannisainuiidaes (Second-order equation) LUuANMUENRUS

VOIAUNFNANDELTLAULAT (Quadratic regression relationship) AsanAITa (2.31)

X =BG (LS5 S B QAP | %2 78

nnn

P9 L6 Noe ) X N (2.28)

madinosvasaunaiiinlivaud drduipgnUsznaennTaaes ANy
GneaTnasnIRwesRenar sl

B, = 906 (Intercept) uazn13Use NSRS Esn el du 15

B, = \Junawaidunss (Linear effect) 193 X wasnsussanamnniwes sl dfdnydnual
Du b dio i = 1oon

B, = Wunadudulis (Quadratic effect) 199X kazn1sUssanumIsfinofild
Toudnuahdu by wiadle i = 1.0

B; = WunavosUfizendusius (nteraction effect) U838 X lag X waznsuszana
wwmﬁma%ﬁ%’é{’@é’ﬂmﬁﬂu by W dlai(uas i1, ntdaj=1,..n

nann1In1eaifveItasagifeefign (Least squares) gnuunldlunisuseunu

¥
=

W33 5veeiliituNIIno AN IUBIANNITIARENANYAF LT Wonsdiwesveelendu
N13ADUANBIVIANLAFILTUYNUNUTAIEAIUTEU NaaWSHaNYuveINITnaUauasgnyinli

A0AARDIVY wazAl Y Ty

¥ =by +b X+ b X_ (2.29)
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dun1s (2.32) L“ﬁJuWaﬁﬁif’umsmauauaqL%aLé’umaﬁgﬂﬁﬂﬁaamﬂé’aa Faaunsorlule
TUNIIAIAAZIUNITADUALBIFE NS UAITIHDIN152098 U5 T9U3 e (Independent
variables) Lﬁaﬁwﬁqﬁ%’umsmauauaaﬁgﬂﬁﬂﬁaamﬂé’aa (V) asreansludnwugidu
flarfdurassuusiieuiuna nadwsaildiundn Response surface plots %38 Contour maps

Contour maps 8sn3mavaussiselenilunsinssiiuiivesnisnevaues s'?fqgn
astuileliaanadodugtaunisdduiiviuassunuvaunissduiiaes anguit 2.17 1u
NufinsnevauewesaumsadUTinGs dauguil 2.18 LLamiﬁLﬁuﬁuﬁmsmuaumﬁQﬂ

Myuame UL UUaIN TR UTdDs

JUN 2.15 1dUlA3 I NUDINURIR D UAUDIFULU VAN SENRUTNT (Myers and-Montgomery,

1995)
0z 0?245 o6 1

kjusr 40" 43

0.6
1 -0.6

-

5UT 2.16 wdulasesavesituianauauasgUiuvaun1sanfuiass (Myers and Montgomery,
1995)
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Snvazvainsmituianevaues annsanudnuazianzls 3 sULuU é’mam’tugﬂﬁ
2.19 16un n3misigelsiangaan (Maximum point) (U 2.19a) FeansnsamsTugnneuayes
geanvosusiarlafeiidmansenusiernnismevaussiigean nsliiAngauuueiuih (Saddle
point) (3U7 2.19b) nwidnunriifignnevaussgeganateqn vililsianunsonsuaiiaiige
RonIsneuauDsiifeInIs LLazm']WﬁLﬁmmwumﬁ (Stationary ridge) (gﬂﬁ 2.19¢) UanaIn
Afildavsnamesdadondanneanlugiiniediad wardniadeusinaiimuzaniuem

N13ReUaNDs (Montgomery, 1991; Draper, 2006)

@) @)

(b)

?‘l\/ ©

5UT1 2.17 dnwaianiy 3 WUy 203nsaiuRInaUaLes (Draper, 2006)

2.8.2 N1508NKUUNSNARBEMSUIE LR INUALDS

HuitnisiildinafansadfivagadamansifioRmul tagnianiizMmuizauved
nsrUIuNT viieldluniseenuuwasHaHANT ATl 3 oUTUUTINER SusilAy e
FnwazyeInuAIN (Quality characteristic) ¥8nan Ausifit3ond1 Faudsnevauas
(Response) w3ouaans lnglun1sAnwmmanuduiusvasnaansiuladenisvnasisasiinig
TIHHY WazRaNLUUNTIARRI TNz auiUAN vz uaIvaYane (Box et al., 1978)

N1388NLUUNTITNARBINIYTT full fractional factorial 1'7imﬁ’amﬂmwaﬂ%’agammzﬁv

Uadendmasionmavaussasaalagniiuildlunisesnuuunisnaassd miuisiung

9 Y

aaa

nevaues lnefdeuldileg 2 33Ae Central Composite Design (CCD) Way Box-Behnken
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Design (BBD) lngldn1snszanesesuvesdoyasaniainaudnana daianslugui 2.20 e

AnwszAuvesladefdanararneuauodgaan

(a) (b)

SUN 2.18 luLnalansn1snIzaneue9 U990 8 uAUN 13N Aaed Box-Behnken Design (a) wag

Y

LEUNISNAaRY Central Composite Design (b) (Draper, 2006)

2.8.2.1 N1522NBUUNITNAABILUUYTEANNANY

Wunsesnuwuunisusaadlagldiuuinaswniamnmians e fnyinuduiusue i
wUseinge MiledudsiasmuUsuianumseanamudsouetaasusaduludnungnlaidu

¥ o v v = =2 U v & Aa ¥ ¥ P . = o
Wy ss i liRpellnnsAneAnduRuGaaulAe (Quadratic relationship) A1sAM%uA
AN1IENITNABINANYIANUFUNUSVRIAINUT F1A25TINUIUAITNARDINNITNARDIAY
1 ¥ ¥ = U U o S 3

MUEAURAEATOUARY LYY D1999N15ANMIAIIUS 3 F7 I1UIUNTNARBRD 3 = 27 N3
71AFDI PITUNINTNASANEIRUT 5 AUS I1UIUNTTNARDRD 3° = 234 N15NAad Teki
winzagdvaniunisaidayUuainswensdaie neeenvasnisudanife n1slens
2ONLUUNISNAADILUUUTZALNAY FUTUNIT0DNLUULKNUNISUAADILND AN A LF LIRS
99AUSHTNAULAG WA LT 1UUANTNAaRdlnNn Tagyinn151EeNEAIZAISNAADIUIINITN

Ao & ~ vy ~ ' P ° aa AV Yo ~ )
naeInddu wiolvliteyatieanasanisasawuuiiaedmnieddn JUsuuiladindinavoss
wUsuan (Main effect) ANUEUNUSVOIRMYS (Interaction) kazaun1snadass (Quadratic
terms)

Tun1snrumnA159a (Code value) va9szautass Muualy 0 knuAINaNe (Center
point) §1v11n15naassn 2 Jadenisnaasulu 2 de 4 luwsazvdavesdads Ay
(Factorial point) flag 4 30 i1 +1 dmsuAtgean wag -1 usuael wazALnU (Axial
point) T0¢ 4 90 WAl +o WAz - unuAIMazAInINaWU nee o« a1unsanlaann

51091 4 ves 2° ile k Aedrwiutadenldlunismeass lage o Nlaresiluguiuiaiives
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AUNIN9Y19N5wUSV95EAUTATE AItUNISNAABILUU CCD 34981 5 S¥AU AB -o, -1, 0, 1

WaY +q AIUERUAINAILINIUTRE (Montgomery, 1991)

2.8.2.2 N1599NLUUNTTNAARILUUTBND-1UiLLAY

Hunisesnuuvauseiudmsuiiniiuionaneuauos mﬁaaﬂquﬁgﬂa%f’m%umﬂﬂ’ﬁ
FuNITeRNLUUWNTNe3ua 2¢ funiseenwuuvdenlianysal navesniseanuuudl
UszanEnnlususivinvesnissuiidents defde aunsafnwimansznudady (Linear
effect) nansynuMadee (Quadratic effect) Lagdunsnsensenasd 2 Uadula

\{iosannnisesnuuunIsNeEadLUY Box-Behnken LffJumﬁaamwugﬂmaﬂamﬁnﬂqm
MvguugUnssnaudii 2 Larlildsaangelag Adugresaesgugnuradiiadistuan
Indriavuazarvesuarintsenlifinmanssiuilissleniinideniioguusmvos
gnurAiLduAns T adessdu (Factor-Level Combination) Aunsinnuetdululalléiivh
ANINARBIS LD AT AN IR TN BAINTBIIFLVIUAT LAZN1TEBNKUUNITNAADS
WUy

Box-Behnken S uaunssluntsnngesiianas sandefidiuyuiignninilaifieutunis
2OALUUN1TNAA03UY Central Composite Design (CCD) 91759891UN15138 390113019
N1 NULUTNISTIREBIBUL BoxiBehnken AUINUATLOURHIRAAUINN (aufiush daandn

SPRTNIGH Qﬁu‘w% WINLD, 2554: Lee et al., 2006; Perez-Francisco et al., 2008)

2.9 UMDYV

2.9.1 MIBULKIBUNSNIABATMITBVWAIDUNIU AN TR aNTIzg N A

RYRY

flanATeratesuiivansliiudnauauisnuesisnasauniras Sa@duns s aele
aqumcmmﬂﬁmmmamwzL'gmmiamﬁﬂﬁé’mﬁm5aULLﬁqﬁqﬂ LL@SLﬁﬁJﬂmﬂ’]WGUEN
wAnTnuaiile Swasdisevi et al: (2007) Fin1seULKIARI8MESIEBUNTUIALUUGQYINA
lngldanudugynInia.5,10.4az 15 kPa il 50, 5544 60°C LAZANLNUNUDITY
Ta9) 2, 3 UaE 4 mm HANIANINUIIMIILIUFYYINA QN uazAITLTetuTARd
HAADIAUNAAIANTVDINITOULIIUALAMNTNYDINAIUB UL Tngansfiunzay fe n1s
BULIIAIIANUAUANYINIA 5 kPa gl 50°C WagAuvul 2 mm Das et al. (2009) 161
Anwaaunamaninisouuisdnudenautugeiedsddunsusaiianuduvesied
BunIILTA 5 S¥6U (1509, 2520, 3510, 4520 Lag 5514 W/m?) mmwuwaa%ﬁa@ 4 56U

[y

(3, 6, 12 Uag 25 mm) NUIENTINTBULRTUBY UANULTNTDITIFLALANUNUN VDI T TN

9

=

FUUTEANTNITUNIANUTUDYTENTN 0.778x 100 Bia 3.884x 10710 m?/s warNAIuLTuTed

BUNIIA 5514 W/m? A1unuveetudan 3 mm 18nsIn150uniagegn udlileldisnis
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a*uLLﬁa%’nLﬂﬁaﬂmm%uqaé’w%’ﬁ%umwLﬁmimaﬁﬂ'ﬁéi"uaxl,ﬁauéummmauLLﬁaéhsJ WU
é’mwmiauLLﬁasﬁuagjﬁ'm’mu%’mm%’&ﬁ@uﬂyum LLc-w'mmwuwaa%’jui’aahiﬁmasiaé’m']m'ﬁ
QUL Das et al. (2004) dwsunisauniadnaunsiad (Afzal et al, 1999) Tnedisziua
Huv0959EBuUNI A 0.167, 0.333 waz 0.5 W/cm? nunisiiium e ssaddunsuse
Frpanailunseulis uwiauUdsmdinunardsaliivedduinisienvestnundiadanas
anmefimnzauiignie nmsouusfieuiduuesiad 0.333 W/em? faidldfinissenuinms
duanuigivesomavdiiesouninlfiAnnsaud o mdanuinguiesananus

91MeAfgRw AnnssEUIgANuSouindniusieanty

o/

2.9.2 INFTNAVDINTTOUWNABANIWLATETAAR LW TER

q
=

YONINNNAYDITIADUNT NIARDRNWAUL NS DUBAILA I SIFDUNF LS ATINTDAUTE NS
drfnlundrasnsiiuUSiaansdrfnludan ety I8N UIINTBULA
% v aAa 1% o ¥ o Q/ = Vel a QI 49; v
mgFadEduNTLsngINdsansedukasy e sd A luivauulnsuas naldfivinaniiuduls
Niamnuy et al. (2011) lAANYIHANTENUYDIITAITHASENTIENITO UL IR TTAUDULA
9d5¢ uar a-glucosidase vasninand lngdsnnseulmatengdaladiunsiiuauseu vgdn
Tadiumsauiulesaudsenn wasduNsHESATILNUANSIULAEAITAUALITIDUYDIN N AU A4
JUT 2.21 wudhmiseuwiemegunlsasiuivanioulagnisduaginouvesaineubiavinli
A1301UBYNADATY UaE o-glucosidase TBIRANOANNT T DIBUAUNITOULIINETENS
dl' 1 a o o (% aa o/ tal‘ = 5&9‘ v dytu 9/ 4 ¥ d'
AupgNTEA AN NEDF FannT199 2.6 BnNIIsNIseLLHEldaT lun1TBVLRItiRe Ian
e Lee'et al. (2006) Anwinishissdounssnlnaiigamgil 150°C luiian 5, 10, 15, 20,
40 uag 60 min Wisuisudunisivenuseumeanseumelaaniizifeany wudfigumngd
150°C 1381760 min @ unsariuUsinausaeanualuiiannanUdenolaadlang 48.83%

zﬂ' a a o Y] Y %) [y
LllaLU?EJ"UL‘VlSUﬂUﬂqiﬁLVﬂqqﬂsau@'ﬂﬂaﬂiau



36

- - - - - - - - /= /= == ======= A
| |
| Gasefired infrared |
| bumer . |
| Ignition
: T T T T T Control
| 1 — B pancl
|
I Drying ITemperature :
I chamber | sensor |
| ' |
|
| I I
PRy | S I
Solenoid | Drying Tray | |__| |
valve |
_t Data monitoring |
= . ;
LPG Tank 3 and logging
_____________ J
.\
Vibrating umit

JUN 2.19 LAT0I0ULINBUNTUIATINNUANTDULATANTAUALTIBUYBINNDUWAY (Niamnuy et
al, 2011)

A151491 2.6 NAIINNITOULNIARDYNTATURUNADATLUAS o-glucosidase VDINIULNFDY
(Niamnuy et al., 2011)

Sample Moisture Antioxidant activity o-glucosidase
content DPPH- (UM Trolox/  FRAP (UM FeSO4/ inhibitory
(% d.b.) g dry sample) g dry sample) activity
(mg acarbose/
g dry sample)
Raw soybean 20.38 + 0.11° 11.67 + 0.91° 66.70 + 2.73° n.d.
HAFBD 50°C 10.06 + 0.12° 12.52 + 0.94° 69.32 + 3.12° n.d.
HAFBD 70°C 9.96 +°0.10° 14.33 + 096" 75.43 +.2.94° n.d.
HAFBD 130°C 9.82.+ 0.07° 15.92 + 0.72< 88.34 + 5.09¢ 4.94 + 0.50°
HAFBD 150°C 10.04 + 0.14° 16.73 + 0.57% 101.15 + 3.97¢ 1.71 £ 0.35°
GFIR-HAVD 50°C 9.87 + 0.12° 14.55 + 0.63° 76.77 + 4.01° n.d.
GFIR-HAVD 70°C 9.85 + 0.05° 15.15 + 0.52 75.43 + 2.94° n.d.
GFIR-HAVD 130°C  9.87 + 0. 10° 16.92 + 0.26% 117.39 + 5.07¢ 11.87 + 0.79°¢
GFIR-HAVD 150°C 9.97 + 0.10° 17.80 + 0.54° 126.49 + 4.41° 8.59 + 0.64¢
SSFBD 130°C 9.83 +0.11° 16.20 + 0.47° 104.90 + 3.19¢ 7.73 +0.71°
SSFBD 150°C 9.71 + 0.15° 17.02 + 0.65% 113.54 + 2.25¢ 3.68 + 0.43°
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wonand Park et al. (2009) wuiluszsinenszuaunsyuisiden deldnia
fourndursusalnatiedinuinaiiueda 91n 116,30 v8u 171.77 me/e, Wa1lua 210
1750 19 24.76 me/g waznsawedanasda 910 3.07 10U 4.20 me/g WiawUSauiiaufiu
nsvundlfrnudeusaudeu Snedtauisasnvnauneniassanilasndie Fidenades
fuauddoves Kim et al. (2007) @eli38n1sanesaddulsnsnlulan figaumgil 90, 100 waz
110°C vatunsa1essd 0, 10, 20, 30 waz 40 W1Tl wudn NsaneSEBuUNTIIAENITaLY
qviddueyyadaszvesmsatnunlauld Inefinisaredsdnigamad 110°C Hurian 40 Wil
A1v84 Total phenolic contents (TPC) way Puerarin Lﬁm%umﬂ 0.096 1Ju 0.148 g/mL ag

66.0 1Ju 77.8 ppm auaulerSsuTisuunsullanessd

2.9.3 [WYSHIAA
WWYSE928 (Cissus quadransularis Linn.) Yszneunigansussnaunaaiinaisvile
WU ITUL DU weadleanyas wsinasiy lasiwasiiuvess Waililua Aakandlu

AN 2.7

AN 2.7 @sUsEnaunaluensEaas (Thiangtham, 2003)

Type of Compounds Part of the plant % Content found
compound
Triterpene d-amyrin Whole plant 0.14000%
d-amyrone Whole plant 0.10000%
Epi-friedelinol Whole plant 0.00024%
Lupenone Whole plant 0.00022%
Onocer-7-ene-3- Whole plant 0.00600%

alpha-21-beta-diol

Onocer-7-ene-3- Whole plant 0.00300%

beta-21-alpha-diol

Onocer-8-ene-3- Whole plant 0.00225%

beta-21-alpha-diol

Epi-friedelinol Whole plant 0.00024%
Flavonol Kaemferol Stem 0.00030%

Quercetin Stem 0.00210%
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nan1sAnwngnuafiveunvsdieauieiiaanudu 10% nuddledu Tusiu
Astulawnse 10 Ilues 0.58, 0.17, 1.16, 10, 0.1% suaiaukazings1u 3.43 kcal/100 ¢
(Singhania et al,, 2007) ludauvoanisAnyitiiowsnaislungu flavonoid Miduans
Quercetin IngtU3eutisuiuansu1asgIu Quercetin ladinnsAnwilaeldinatia High
Performance Liquid Chromatography (HPLC) wudranziumanzauiildlunisiasizi
Usznoudiae Column C-18 fvinazataindoudine 0.05% Ortho-phosphoric acid way
Acetonitrile §n51@3u (65 : 35) UV detector 1 260 nm peak UB9817 Quercetin U104
7 10.68 Wil uarans Ethyl paraben %ﬂgﬂwﬁu Internal standard Uﬁﬂﬂgﬁi 13.68 Ui
AMUTANILILI AT ATILIUET ATINARDT UaTAILILNEALYBITEUY WU
A178LTEUVRIAT Quercetin TUS¥1319AILTNTY 0.3-1.5.ug/ml &A1 R? = 0.9996
(Thiangtham, 2003)
luhnenlvnelaventisassnaauesnysdaalaglidausinsnuinseanuaniin @
duiassnnamdyiinuan Uszsnfeouliusng uarsadaamns dnmaianeunysdsaned
asananuduanluald ungniden viesdeviesile uassadnwng (Sipmn #SUaa wasans,
2551) tagtulimssuussmumesdienalagl i dugunuunsuawiiazyssgeglunauya Lie
T dusashwlseindnatududiuauinn a1nnsfnerUsednsnawas nad sideasyonsld
ayulwsnysdeaneluiUoalsasadnimatsssezidaunau 91w 570 au lnewusdu 3 nau
A nqunlasuIRtldrunanveInanuees (Daflon 500-meAdin) Aduitld Fuauulng
Wasdaana (500 mg/iiin) uagngumlasusmaen WansanwinuIgelunnaudlngg
o sAuvdsnslietasy 7 fu UssBvnavesnmisnuiludihegangubiflauansnaiu
wadlifinadnafonintu asUlsiumssdaneliualunisinuwnsatnmaslussendeundy

luunnsiea e ddmunanteinauees (Panpimanmas et al., 2010)
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A5ALHUN5IY

mAeiidhmnediednmniseuutunesdsanasemaianiseuuisuuduns e
sufunsduaziteunieldaniizayyinia (VCVIR) msdndunisidesududenis
DENUUULAZASIUATEIB UL VCVIR vurafesufiRnnsandundaisnisdniuniside
ganvdu 2 adendnliun nsfnwdninavesnisduasiiiouvedun ANITAUYINTA Uaz
ALY T U TR N BAIENIS B ULIAEAMA THYBILNYTHsanAd TN 15 UM U
BUNTNIA waznISEnTIETzaldITUNISe UL LN TsaImadae3En1se UL VCVIR
TnedEfiuiaseuaues (Response Surface Methodology, RSM) Tasiisnvazidenlunns

1
v v A

ANAUUIIAIY

3.1 N1590NLUUAZAS1ILATDIIULAIDUNSILSATINNVAISFUd NaUN8TA
AN1ITgYINTA

[

MvupmRdI UM IS ieanuuleIeseulauRtayadarusel
Pt uduTe s deana (MG) 10 g water/g dry matter

- mm%uqmﬁﬂmmmmé’mm (MC) 0.1 ¢ water/g dry matter

- shnionssdssnaileluniseunia 270 ¢

- gamgiigeaanldlunise s 100°C

- DAUNRNIWYTAIR. 30°C

9 Y

3.1.1 USunaminfaen 199ty
ndoyallesnunysdeanniiainuduisunn, 10 ¢ water/g dry matter tufaly

Wassdsnm 11 g HU110 guazitmiingie 1'g deuuusuuusudumuInlain

10

Yi5udu = — g
11
21 Whole weight 270 ¢
8 aa o 10
ndleglunysdenn = — X270
11
iniifleglumysdann = 245.45 g
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YA NWIAG

270-245.45 g
24.55 g

NAINITOULTULNYIAI20AANLTY 0.1 g water/g dry matter ASHUUSUNUUIAWNGD

Awalaan
. 0.1
U1ALUAD = — g
1
MUNMIAWAY 24.55 ¢
Y = o 01
Wanaurdelunasdasng = == X'245.55
1
WA U TAIae = 2.45 g
PRUUETIRBITEINY DN = 245.45-2.45.¢
UABISETDN = 243 g

3.1.2 W snudusine g msuniseuude

TunsfinAEdeInmEudinsunaseuiianesdsens livinisnaaeadionian
AnuSeusuizadnesdnlngldiases Differential Scanning Calorimetry (DSC) (DSC
3, Mettler-Toledo Co., Ltd., Bangkok, Thailand) ArlaLvIAAU 3.89 kJ/ke.?C Farundsany

JunfaedlidnsunnsauwisatnsawInlaan

NENUNADINIT = ANTBUALEE (Sensible Heat) + AuSauwks (Latent Heat)

= meAt +mlL

[(0.27 kg)x(3.89 kl/kg. O)x(100-30°C)]+[(0.243 kg)x(2257.2 kJ/kg)]
=73.52 +548.49 kJ
= 622.02°kJ
fvuagadsanuieuliesanmsvhnureadsseuniariniy 309% vesAmdany
fiFualld
Fefundsnuiifiesns = 622.02:186.60 k)
= 808.62 kJ

Muualilafinesniseg e igalun1seuliunysdeenawiniu 30 min
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SS9t RdeensEmSUANTO UL = 808.62 kJ /1800 s
= 0.449 kJ/s #50 449 W

¥
av Aa 4

wililesnlunsiimsideiiinismaaeseuuimesaddunsusauasgnmgiianiouly

[ = = o @) 14 = v o w I v aa
naneszau Fellanudndudsadenlduurinniaslni1veauviesid@dunssauazun

v o= A

anAnudeungaiieliaunsaihnulinuteulunimeasineans nagidedadenldu

o

SeEBunsusAvwIniATlni 800 W idurAudna1s 17 mm 813 0.3 m gumnaiiiadeusiim

=5,

U7 750°C (CF Series, Sang Chai Meter Co., Ltd., Bangkok, Thailand) 91u7u 2 #aan

'
=

W ld dudusin @ unsnsnvo bASesR UMD UNsHIA L TUNISdUaz U eldan1y
doyanN1FkazEenldITAaIAANUTAULUUATUTUIAMAINT. 1000 W tdusAudnats 8

mm 817 0.4'm(FU-04100, Sang Chai Meter Co.; Ltd., Bangkok, Thailand) 314U 2 W4

Wi YN ULATDID UL TNA NS UNITNNADII BT

3.1.3 duuszneviiaslaseaiisvaaniatauiie

LASE90ULTTITlAILEINABAFILASEY 2,35 T ﬁagﬂﬁl 3.2 Uay 3.3 WOI0 UL (Drying
chamber) fanvauzilunsinszuen winduingudngis 0.3 m &1 0.6 m dddmiuin
Yan.d1-pen A1nvieseUIT a1n e Taneuuvisdidn vasidudivassiuiiuuiante 0.20 m
819 0.40 M g4 0.05 m uazuvutugening 8 a1 Usazdosdauianias 010 m g13 0.10
m awsansianiiineaeseuiisiuutuusiindsasdsvanm 270 ¢ Tassadnueaies
oUW anevaaTn Stainless steel FusznaulUfdunnsrhauiildlumsnaassounts

4 YANSHINU

3.1.4 ¥AMIUANNNTTINIIUYRIsTUUTNHN

L*ﬁJusqmaq°LJﬂiaiﬁm%’ummmmsﬁwmmmswuiWﬁwﬁgwmWuaqm%qamﬁﬂ R
Usznaulusie

1. @indisie Emergency Switch) vt se asglaliinlunsdiiAnmagniay

2. ﬁ’amu%am%gﬁ WaEAIUAN Process (Temperature and Process Controllers) i

9

WAIUANgUUANRIveIaRAdUNTIIA aaumgiinigluieseunia AuLEI5aUYeINs
dudziiion wazANSIIEUTDINBLIDITTRAY
3. YAMIVANTEAURUNAILUU PID (Proportional-Integral-Derivative Controller)

4. @30% Un-UnN15Y1N911Y998 459U arduNs LA



a2

|

A

.-@J ? 0 1

(1) Miapnsd@dunsLsn; (2) o auwsis: (3) DInouwis; (4) sqmﬂalﬂmsa%?mmié'uazLﬁau; (5)
WINTINANUAUGYINA; (6) 3NAINIVANAUAUAYINA; (7) %qugiywmﬁ; (8) wos
Tuddida; (9) audadnnrunuaNenIiITeulemaive AN sduazLiiou; (10) ynun
A0S oY; (L) weaukuuluialasnas; (12) awsdqﬁmmﬂmﬂaUQMﬂawuL%aiawama%

YDIYANBLMDIWAAY; (13) YAQUNIAUAIUANNITINIY

JUN 3.1 szuveuredulsnsasuiunIsduasiieunaglaaniizanynia (Vibration

assisted infrared drying under vacuum, VC-VIR)

%

YAATUANANUAUGYYINA

P19DU LA Yonalnduasifiou YAUNRINAILTOU

JU# 3.2 AeseuwiidunsuInsiiunmsduasieunelian1izgeyinie
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3.1.4.1 YAN5INUBUNIIA

YAN157uBuns IR Useneulumenasndumsiise (CF Series, Sang Chai Meter
Co., Ltd., Bangkok, Thailand) au1a 800 W U 2 Ka8n %uﬁﬂLﬁuﬁﬂquﬁﬂaﬁﬂ 0.17 cm
817 70 cm AINISURSIE (8) Wiy 0.9 aﬂﬁgaagjmﬁammauLLﬁﬂImaﬁiwzmq 20 cm Hnes
I@JﬁULﬁa (type K, Lega model AK-01, Lega Coperation Co., Ltd., Bangkok, Thailand) Anda

ilvemasndunsuIaiioingumiivasnvuyyinau

3.1.4.2 yanalnadnanisausasiiouvasian
yanalnnsadan1sduagiiouvesiag Usenaulumenaidediulalgvasnainiy

a v | o w o

nilsazfndegnidea weandya 5 mm dulaednduasdedifusemefumds mevha
Gummié"uamﬁaulﬁmmﬂmimmmLW@W%@%’UﬁWé’wwﬂuaLmaifmﬂﬁ?udqzhaﬁﬁé’ﬁﬂsﬁ’uqﬂ
Senfanghmihfidsausdlydsanneuuieddivamearihsossuedifnnsindeuiivu-
as Yandeanunsaiianisdudaieuld Inedmiunismmeetlunuidetasidseuesnis

dudziiou 800 rpm

3.1.4.3 Y¥AUARINAANTIULUUATY

AUTAULARAINNITT N IUVD IV IRIAANNFTDULUUATU VUIA ¢ KW (Sangi Electric
model FU-Series, Sang Chai Meter Co., Ltd., Bangkok, Thailand) langdnnanuwuulunnlag
wds Snewefduiuids auin 05 hp Wik deriinnasvave saniaseuluds

e uuiie @iusaviipusadgsdaluiose Uil 14.38 m/s

3.1.4.4 YnAUANANAUNE TUTBID UL

:f]:uqﬁgaunmﬁﬁﬁmﬂﬁwuﬁ%’aﬁtﬂu%mqmwmmL‘UU water ring (ENWA 1EN-030-
01, Norta,MIT GmbH; Hamburg, Germany) #8n31n13lva 108 m>/h aunsanaeinideen
I¢ivhan 33 mbar.maitSasey 1450 rpm TusEUUlih, 1 Phase 220 V 50 Hz fauandly
sUfl 3.3 szuuagniadziunliuatedl P msgaeteamasenaintesouus Tng
Tindmuauseiuaggnalildnmmsesns Inglusnginimeassazdeadanisviiau
vostluganensennaniieinvssiuresruduamy mdlinaiinaonnimaaes ua

Jun9ganutiuinssmeandanauwiteenannviesoulig
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3.2 fegeiildlunisvnaes

wwysdsene (Cissus quadrangularis Linn.) mﬂmuayulws ﬁ].‘Uiﬁuq"? ﬁﬂmé’waﬁwﬁw
iielendndevusen Malilsiukeigamgiivies udui uazvneoonifieliivtaaumu
Winfunaeaun udisdalsiTlvunnanumunnuiideanisinuldud 5, 10 uag 15 mm fagu
7l 3.0 anduvssalugananainUaadn suingeas 1 ke tluiivinwilugifu Agamad
4+0.2°Cllunan 24 h Wielimesdienafiansaemanutudhgamazauna (Ozbek and
Dadali. 2007) lilpazvinnsnaassiunsdssnneenaingidy waznslifgumgiives 1Ju

|1 1 h

JUN 3.3 degrenasdenaitilunisinuusindiuiy wagmeeean wagmulvisiaauyiu

5,10 ez 15 mm

3.3 LLNUNIINNaDY

91NJUN 3.5 LAAILHLTTUAEUNITANTUNITNAGE VMUY N WITU UG LAWUINT
neaaseamdu 2 Widendndmansluimdeinguizatafe msfnudvnavesnisduasiiiou
VBIUA. AN1ILAYUINIA BASAIIUNUIUBITUTAAAITNYULNITBULIIUAT AN INYD
LNYTHIUINAILITANTDULAILUUDUNT IR kAL NITANWIAAIE NN AU TUNITO UL

) v ad v ' = =~ P o a
NYTHIAINAEIDNITOULIAS VC-VIR 281915ARILL N B ERAIDIN1SHAIULNATIALAZNTEUIUNNS
DULILNYTIRA A ZEARTUlUII I8 T LaTin19naaesilasnu (Preliminary experiment)
Weaukanysdnalemailanlfogdlutegdu fe n1seuuniuuauiou lnelyngaane

= vaa v P ~ ° ) & a v a

We TR leasN15hasanN1zluNITIULMILUVANS o UM NUIZ A IS UL T UAINAaD 191984
(Reference treatment) 1AgS18aLLd 8N I UNISNABDILUDIAULAAI I UITITD 3.3.1 A1V
LHUNNTNAGRIN TN UsyasAnanuesuide Ae dnguseasail 1 lilefiny1dnsnavesns

[y 1w 14

fuazlilouuaaun dnnasdnieynnieA LLﬂ3?’1’3']3J‘VM']°U§N%U’JEIW§]@@ﬂ‘l‘&m%ﬂ’]i’e}‘ULLMQLLﬁBV’]ﬂJﬂ’]‘W

9

YDUNYTFIAINAIEATNITOULMILUUDUNTNTA hazInaUseasnn 2 tiafnuwaniizd

9
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WL AUl LT ULALNYTFIRNAA83TN1To UL VC-VIR 1agiBN1500nkUUNISNAABILUU

NURINBUAUDI (RSM) FIWandluinga 3.3.2 way 3.3.3 AuaInu

Lz = ¥ o o v = =2 R 1 Y o ¥ ¢y 1%
enansiiluenansianulidmsumsldanuienisdinwivingu leygnlmhluldusslesimunism

Lidnsdilagiiadu Snvivnuiilidnulasiiont wazfesadadudvesenalsnnasaniinisunbuly



NYSAINNER

(AuTuEudy 10 g water/g dry matter)

a6

[
A15ANEIN 1

AMINAaaRUaIfy: NITOULIAS

wuvauseu (HA)
[

fauushu

- gauuilauunis 4 sedu: 40,
60, 80 uag 100°C
I
GRIGEN

- NYSEIRNAB UL AL UUANSDUT
unQI40, 60, 80 way 100°C
[

fauusniy
- ANYUENITOULAY
- ANUABINTNE Y
- AMAMNVBITARDUWIN (AE, ANUMUILLLANA

a =l a Q’)’ i aa
394, USHNUAUDAAYNNUA LagUIUIULAIDTINU)

T

n3fnwn 2
ANSANYIBNTNAVOINTIAUALIDUVBUUN AnITzasyayInTA
UAZAUMUNTDNUU AR UNITO UL NI AI2NRATET5N1 3

DULMILUUBUIT IR

faulsiu
" msduasiiteumatiun 2 sedu (Winnsduasiieunaziing
durziioud! 800 rpm)
- annzgaaame 2 sy (Liflanisaggmeuwagdannig
zjzyapmﬂﬁ 5 kPa abs.)

- AN VRITUIER 3 S¥AY (5, 10 uar 15 mm)

n15AnwIT 3
AnsAnwIansiuuisaulunng
DULILNYTHIUINAIYITN1TOUWIA

WUy VC-VIR

faulsdy
- ALLTNSIERUNS SR 3 AU (7496, 6036 Lay
4576 W/m°)
- anusuneluiasauwiie 3 seeu (5, 15 way 25
kPa abs.)

- ANUNUIVDITUTAR 3 SEeU (5, 10 Wag 15 mm)

A a Ao aa
Lﬁ@ﬂﬁﬁw@a@QWNﬂmﬂWWWWﬁﬂ

v

Hennang
WA DUMALUUDUNS SR 4§88 (IR, VIR, VC-IR
wag VC-VIR)
- AWAaeseeBIInMIsAnYIT 1

- AWIRADINIUANADINYSEILAER

dnnasg
- INYTHIRNAD UL UUDUNTUIA 15 F9819 ANuNIS
2NLUUNITNAABILUU Box Behnken design 3 UJady

#uSUIS RSM

fiaudsny
- ANBULNITOULIY, AIIUABINIINANNY, ANAINYDITEN

Uit (AE, USunauiluednnavun wazUSunniaiadvi)

I

dl a o o a
E‘LIVI 3.4 N UODNUYUADUNTTANUUNTINNG DY

[
Auusnu

- Y3unaiansimiediu




ar

3.3.1 N15VNABUBIAUL: N1TAULAILUUANSDULNONARLNYTHIAALAIF 1T UTY
< ca' Y a
WUdINNan9I91984
n1naaelenuyidelaiinimaasuinednaein1so Uiy sfnme3en1s
naagsngaamnssultedlulagdu annisduarvald Uszneun1sdawdningaulvny

Isanenunaedeguuasnuingamginldluniseuwiegiiuseann 40-60°C agndlsinnuiiie

anAnuilondlunsiniousiedns §idelsvinsfnugumglianieuiidsuaiiignsonnnin
Yoaunsdenafiiiuniseuuiiuvandeulnefituneulunissdunisneaassie
YUNYTFILINAINAUT 5 mm W19 URFIFI8ITn1souLianuvansoulasldiades
UL VC-VIR ﬁﬁwqﬂu‘lwmam%’auﬁqmmﬁ 40,60, 80-baz 100°C ANUL5IVRIAUTDU
1 m/s Tnovunasdeenasiuay 270 ¢ arsluntseuuiddudnesasduiuien (Single layer)
Tuseninanasatuig meé’mmzgﬂﬁﬁaaﬂm%ﬁ’mﬁﬂ Lﬁ@ﬁﬁ@;ﬂﬁlﬂ%meﬁmm%uﬁ
anadlusEPIaNsEUIUATBUIEY N1SIAS LR MANRIYsYANS AT UNT AT U ST AVSHE
(Effective diffusivity, Do) Wavanuaisnisauwisimandluiter 3.4 uaz 3.5 ¥niseuus
f\]uﬂizﬁ"ammﬁuqmﬁﬁmmﬁ’u 0.10. ¢ water/g dry ratter iialaiaaniivunzaudUseidiu
IINAMAINUB LN YTHILIALAWA n13LUADULUATE AU MLILELNATIN N3RS RN 59N

A7 USH1auansNueaANIaLe WasUsLNuaNstABTNY SAUNIDRATINITEUURDING LI

v
a YA o ¥ A

AINNITNARDILENA AN TN AALADN D IINYTH 2P NDULI LUV AN DU BT U AWM AR D

Y
81984la
3.3.1.1 M5AATIRINNeEAR
AT IEITEYANTVIARB IO UMM T sgnalaglYRITIA T I8 RALIUTUTIULUY
N19LA87 (One-way ANOVA) Algn1seenkuumsnaassluuduanysel dndusdeyanis

naaodlngldnaie (Mean) kazdidoauunnnsgiu (Standard deviation) naaauaiy

| L e =i Y )
LANANITLNINEINAADINTLAUAINULYDUUY 95%

3.3.2 n1sAnEsVEwaveInsduazIiouvaLun ATz JEUUINTA WAZAIIURUN
va9Buiaaradnumzn1TaULRILALANAINTE LN YT d e ada83F N1 saULTILUY
FunsIn

mMeldnisanwriiiunismaasie ULt LNy Fianndeianisounsie ¢ 3an1slaun
1) NM30UNKIsI8SIABUNS SR (nfrared, IR) 2) n1seULRIReSIdBunsILsnsInAunIsau
(Vibratory bed assisted infrared, VIR) 3) n13auumamessddunsisaneldanizayyinie
(Vacuum infrared, VC-R) 4) nsauwissnessddunsnsasiutunisduasiiiouneldanie
deyey1nae (Vibratory bed assisted vacuum infrared, VC-VIR) \WieAnw1Bninavednis

AUAZIIDUTDIUALAZANILANYINIANE U DIBULAIA NI TR UL NYTFIUIAA 18T 9
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BUNIUIA I%ﬁmummmwuwaﬁui’a@ﬁ 5,10 4ag 15 mm kaginuanuiuvesssd
Suslsnian 7496 W/m? dwfuniseuunislunnisnisvaaes Inefinnseunsiauuy IR uag VIR
Fameluvioseunsialiildegluannzagameusazldinaudugunsalunisszuigenne
Tngrmuaanuiiiand 1 m/s dmuniseuuisuuy VCIR wag VCVIR aziduniseuuis
aelfannzaynnanegluiessuurisazaiuaunuiud 5 kPa abs. luAEn1snaaesdild
nsazifioureaundan (VIR wag VC-VIR) agfmunanuiisounisduaziiiouveaoinesi

800 rpm lngan1zlun1sNAadLanInInIsen 3.1

A9 3.1 dN1zNITUARRIEMTURIAADIA99

aI\WIﬂaEN mié"uauﬁawumwﬂ #0178 yeune ﬂ’)'l&lﬁu'l‘lla\'i"ﬁlﬁﬁl
IR % .
VIR v o

VC-IR g v 5,10 1ag 15 mm
VC-VIR v v

nsvageslngnisthmesasenassnliaunanuinivuaie 5,10 waz 15 mmlae
MNYIERT0 270 gIummauLLﬁﬂﬁagﬂué’ﬂwmmﬁu%mam (Single layer) Tusznang
nsgUIuNsUliss Rz gnisandsimin e dayauile s zsiAdu svans
MsunsANLT ST AvISHE. (Effective diffusivity, Deg) HazaNYULNITOULANALEAS WD
71 3.4 Wag 3.5 VTﬂmiaULLﬁaﬂuﬂizﬁﬂﬂawm%uq@ﬁwawiﬁu 0.10 g water/g dry matter
mﬂﬁ?uﬁﬂmimamLﬁ@%mﬂzﬁ@mmwmaqmeé’nmmlé’m UsinaasHusdavianun uaz

USUNUENSIAIDTNY TINNIBAITINTAULU ADINEG IIUI WL

3.3.2.1. MIIATIINNNEDRA

AT IendeyanIsvaae Uk e A e laglimsatnseiauLUTUTINLUY
489174 (Two-way ANOVA) ¢3¢ N1599nwuunIsnaaetuuuduanysal dnauedeyanis
naaeslagldAads (Mean) uagduidonuuuinsgiu (Standard deviation) naaaua

LANANNTENINEINAADINTEAUAIULTDNU 95%

3.3.3 N1SANEIEN1ISMNUITANIUNITOUBABNYTAIAINAF8ITNITOUBAILUUY
dunsInsmiunsauasiiaunelaan1zgyyInd (VC-VIR)
FSNuURmavaune tWudsnisnsadamansuazanfmdulseloviilunisasig

LUUT188Y kardias e nlymdaninanauauasanaanmkusig o lneilingusvasarive



49

wgansenNUmInzausianaty M lidglunisdanisuaznisesunenaiiioSeuiieuiu

£
av adAawv

BN150U MWL IngUsTasAioAnwanewunvadlunse i sdnale5aa

Y =

dunsnInTmiuMsduaziiounglian1 g IN AR U UN N AT L NYTFIRNALIAS

vYa o o

InglunisveaesdfiduladenyinistinssidinnaasimediudaduaisdAyndeglu
wysdsenadeaunsavivendsamninnaailsiduegrsiidudiudsnauauss (Quercetin,
Y) Ingldlusunss Unscrambler X 10.3 4an31nll §98n159A5 1WA waen15a Ul (Made

3.4) dnTUAIMAADIAINY Ay

3.3.3.1 NN139NLUUNIINAADY

dusunisesntiuunisnaasaduluy Box Behnken.design wuu 3 Jadansuanalu
M15197 3.1 udagdaded 3 seiu Tedlaseiidnwde mudusEsunT s (X,) ALy
gauey1n1A91eluia e URIA (X)) avAunuIveungsdeann (X) lusunsuagiinis
Uszadana v lnlgdinaanesiuay 15 anassduanslunisned 3.2 sdunisnaassd
AR INaNT Wims U 3 AaVRaed wamimamﬁs‘f’nmﬂﬁmaN%Qﬂﬁ'ﬂﬂimiwﬁ
msgddiflevmadaysalvewuviaemmedamansfuiansvaas s lnouyusiassmi

AIPATER ST IRE1NITRLERIN9ENNTS (3.1)

Y =Py UBXH TBXE o+ X BXiX; (3.1)
i=1 i=1 i#1=]

e Bgy B, B uay Bijﬁa AduYsEANS X Ao FiudsBasezladendeanisdnuily

A15OUWIAY

A1519% 3.2 Y938 seatuazvaulnvealadunlulun1sAneI@n sl AN T ELUDINITOULIY

wsdeane e dun I Twiunsduasoumeladn e ayyInea

[ % 1w

. = STAVANNINUS
AU SNd
-1 0 1
IR (W/m?) X, 4576 6036 7496
Pressure (kPa abs.) X, 5 15 25

Thickness (mm) X3 5 10 15
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A5199 3.3 AIVNRDIIINNITODNBLUUNISNAGBILUU Box-Behnken

dmeaas  anaduieEdursuse  anuduagluiieseuwis  AnamundEe

(W/m?) (kPa abs) (mm)
12 4576 (-1) 5(-1) 10 (0)
8 7496 (1) 5(-1) 10 (0)
13 4576 (-1) 25 (1) 10 (0)
3 7496 (1) 25(1) 10 (0)
1 4576 (-1) 15 (0) 5(-1)
7 7496 (1) 15(0) 5(-1)
2 4576 (-1) 15 (0) 15 (1)
4 7496.(1) 15(0) 15 (1)
1 6036 (0) 5¢1) 5(-1)
15 6036 (0) 25-(1) 5(-1)
5 6036(0) 5(-1) 15(1)
10 6036(0) 25(1) 15(1)
6 6036 (0) 15 (0) 10 (0)
9 6036 40) 15.(0) 10 (0)
14 6036 (0) 15(0) 10 (0)

3.3.3.2 NFNATIZANIIEDA
a ¢ aa A ') Ay v ° vaa .

ATAATIBINNEDR LHanTIvdsuANURLLUSTIANLUUT1ae ]38 Analysis of

variance (ANOVA) nasnnaauilddmiunagauanuiiied Ay uosntdunusseninea
A ) A o a ° v Y a |

WUsTITEAUANNTRNN 95% NTaniuuiasinIsanaeeildliumingauiudeyansely
91nA1 p-value AMNISNAADU Lack of Fitwagardulszansmarndula (R?) An A19uans
o 1 N § @ 3 Y gj PN a Y =
dndrunTotloiidunvaImauLUIiuisrualy- Y fiaauasnesuislasanuuUsiulu X 139
pdulpgANUFLRUSIEIING X AU Y metudaduafildininaunisivssunaivuigauiu
Poyariealsan R? TAunnTusansitaunisannesiussinauansauiutoyauinay

lun1sns19aeuANNgNARIYeIUSINMEITIATRTIusENINAITlIAINNSIIIELaY

1Al

Amlsannsmaaes ldiBnsegevauyfgiuiioSeuiisunafeveanquiieg 1 avilngy

[y 1

uALASFIUlAENaULAFILAD Ho 1 p = AININTIIU WAE Ho : 1 AINIATEIU NISEAUAY

W3 95%
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3.4 NSAATIEHANBAZAITOULAY
nMsAamUSINarNLTuduTeawesdene Tnonstinesdenasiu 5 o ld
Tudlwezgiillenvuin 29.57 ml Wrlveudiggdouuiisausou (ULM 500, Memmert
GmbH+Co.KG, Schwabach, Germany) ﬁqmﬁ{]ﬁmSiZT vJutaan 24 h (AOAC, 2005)
Mntundaimdndeeiedsruuinea ¢ funs ﬁw%’agawa&hwa«}mﬁﬂﬁauLLaz

PAINITDUBILI AU AIANUTULA S TFUNTANUFUNUS AU AN L UEUNTN (3.2)

M=—04—FC (3.2)

= A dglj U iol v a v goJ % 4

Wi M, M, Wag My Ao udureanasdans, diviinisuau (g uag Uningaving
YDUNYIFILG () MIWAINY

UNTRYARTAINHTLIINNITUNRDIMITIAAT WIFANUINANSRTIAILANAYY Uag nT

A3RUWAIbA-9INEUN15T (3.3) kay (3.4) MINa1nu

M. —M
MBRAKAL < (3.3)
M — M

M, = Mt+At

DR= (3.4)

e M, M, M. waz M As A9 ATLTUESNAY (g water/e dry matter), AIUTUTLIAT
a9 (g water/g dry matter), @39uFUANAAUDITAA. (¢ water/g dry matter), ANTULIAT
t+At Bay LIAMUAITBULKS(mIn) Mud1AU Tun1snaassalwrunysdeniidunisnaass
UM LA TUN TSI BUN T TAFIFINITOAINUALAAT M = 0 LTUBDIIINAITOULIKIAIY
a X ) ) a & a0 .. .
dunsnInansaanmuTUliaumYsRnadiauTuaNnana1uIn (Sripinyowanich and
Noomhorm, 2011)

a ¢ 4 a ‘Q‘ 1 ‘&I a a
3.5 N15ATIZUANAUUTLANSTNITUNIAMMUTUUILANSHE
nalnnisirdsunvesnnudunsludantininlugesnsin1seuwiianatinuny
ANWUTNITUNINTTIEANNTUMIUNBTUELAENNITUNITaNaevesiing (Fick’s second

law) NTUNINTEABANNTUNLAINNYURIANAUARNIRIANNT 3.5
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—=—|D (3.5)

'
v v a aa o

aun1s 3.5 ladin1swaunlag Crank (1975) dmiudaniisunsusuadaniianvae

Y
¥

auuns MnauuRgIundedmeldauuigmuiinisunsanurululuiianadiiines ldie
NSUAFITENINNTOULI QUNNTILAZAINITUNINTENYANUUUTEANSHATIAAT wagll
Anrnusnumunieuenan Juveanysdnfidneeniidnvazilussuiuenetiudasle

@1n1s 3.6 (Deng et al,, 2018)

8 1 2n+ 1] n2D
MR=—>"% ey —( L )zn L ¥, (3.6)
7’ 20+ 1)2 a2

d' = Vo a £ ! & a a = =

o Dy Ao ArduUsednsn1sinIanudndsedvsna Sanungianauvesnalnng
1 1 d’j 5 U/ o/ 1 dl v 2 = Id! o
A9l MUAITLTUNVNALLTERFIR IO VWA (M?/s) kaz L A9 ASIUeIanImu1ian (m)

NENNIS (3.6) AW IANAuan kavnenvings seilfanadisessdiatiaily
AT VWIAIHINTU AItuEIsad AW oxvI8Y aanlule lasaslitlanizmonisn (n = 0) &9
o dl 2 ra C% d‘ Y A 0 = =
Ameunliatalshiialuninin loswmwizilionain) so uwsdaman 39 u1salguaunis

TndidwsuTanuruseuiulanaunis 3.7

8 72D
— )i eff

aunas 3.7 arnsavinlieglugduuvagnadelagleulneyluguiuuresasniivy

¥
v

SITUVIRLPAIAIU

8 2D
IN(MR) = n|-—{— (neﬁtj (3.8)
2 ql2

AINITUNINTEANEANNTUYTEANSRAleTRLUa I sam AR INNsasensInaIndeyai

v
! S|

laarnnisneassluguvesasnisiuvesdindsiiniisvesdnsidiuainuau (in MR)

[ 1 ]

= = o o 1y} o = o 5 o &
LWSgULNEUNULIAN (t) Q%lﬂﬂ?qﬂsﬁusﬂaﬂLﬂ‘Uﬂﬁ’]W‘U\‘iNﬂfmﬂJﬂﬂJW‘Uﬁ UAINITLLNIAITUYU

UszAnsua saralud
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Slope4L?

- (3.9)

Defr =

3.6 NISAATIZHAINTTIINAIU
wasumunilddmsunseuwianesdenaveusaznisnassitmsnaaasinens
Saarn1sldndsaudieiadesTangdsauiafiflasdu (KM-06-N, Primus Company Limited,
Bangkok, Thailand) USunaunsldwasa1udng (Specific Energy Consumption, SEC) i
seulueAdeiifundinuiionislunssameihdm 1 kg 29NANTAA Fathumtae

eI slndeud eI weandtDu kwh/ke saunaniannis
SEC =E// W (3.10)

1o E, fla-mudesnsuasunivuaildlunssuiuniseunis (KWh) wag W, fg

Unutinuesunfiszingsan (ko)

3.7 ms’%Lﬂiwzﬁqmmwmemamwwmquﬁﬁwmauuﬁa

3.7.1 MSAATITHANULANAISE LA

TueuAsetiing s Ind a8 nusdeaIno UL InIuLa3ae Tna Spectrophatometer
(ColorFlex, Hunter Associates Laboratory, Inc., VA, USA) 1agvi1a15inatdluszuu CIE
(L) Faluseutusseeduut 3 97 nefiuai L* 9xussanefianinuasnd (lightness) 910
A1 L*(100) wangdedany auliis L*0) uansdsdnn Tunn a* agussenefaunudidenain
a*(-60) TJaua@ung a%(+60) d2nLnt b* 92055878 uAuA D AESY b*(-60) IUauded
WIADY b*(+60) WAL AIUIIATAINLRNAT9ALABSIY (Total color difference, AE) @1115U

NUITBLEvIN TN AR ioIALIANAN AlAg TUSE UL U U Y SHIRNRER

TnedaunisaNuduNUsHINkansluanns (3.11)

AE = v AL*2 +Aa*2 + Ab*2 (3.11)

3.7.2 N159ATITRUSUINTHAZAUNUILUUNIATIY
VWS FIRIANRIUNITDURIAIAINNTAM LaLAg N AEnSNNIThNUR luraral taely
T8y Toluene FIUAMUIUILUY 0.8669 ¢/cm® USUIATUALANUAUILUUNIATIM

YDUNVTHINIANSINITO UL TOATLIUIAIINANATS (3.12) LazaunIsy (3.13) PuaeU
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V=—— (3.12)

mS
P, = — (3.13)
V

W19 my, My, Mg Uag p, A9 UIAYDINTULTIUTINIY Toluene (g), 11AVBINTULN
U359 Toluene kAL INYSHIAA (), 1IAVBUNYTAIN (g) Wag ANUNUILUUVEY

Toluene (g/cm?®)

3.7.3 MITUATITANTTNAA?
nasvadrenwssnmouwikanslugyrendosiduinmsasuuuaiusuinsaes

NYTEIINANTIN1Ta UMY HUT B UNULNYSdsansas laeaiulsaminulaaanagunis (3.14)

wShrinkage = | ~———— (3.14)

Wia Vi,V A USinastewsdenadn (cm?) uay Uunnsuedinesdienamaseulia (cm?)

3.8 NITATIZVAMANVANINATVD BN YTFIRNDULIY

3.8.1 Vsunauansilusdansvan

TusuAssiagyinnsitasssiUianaarsfuedasnua (Total Phenolic Contents,
TPC) #1835 Folin-Ciocalteu reagent (Chen et al. 2017) Tagtiatnagsdsanmuiafiniunig
QULITHIAEAE NS UR- kAT S BUSIEATUN SIS 180- Rt mawysdaanauaimn
0.2 g uafnde Methanol 70% Y3ums 5-mtafigaungil 70°C 1Wunan 2 h nasilvidiy
A28 vortex mixture (G-560 E, Scientific Industries, Inc., Bohemia, NY, USA) vJutian 5
min wagtluuenagnouiieLaIeevyuwiesit 3500 rpm tWulran 10 min YaldiAud
gaungdl 4°Gluiian 24 h 7\]Wﬂﬁ?uﬁﬂﬂfﬂﬂlﬂﬂ’liﬂﬂﬂﬁuuaﬂ(;WJ’JEJLﬂ%I’eN UV-vis
spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan) fin1118719A3U 765 nm way
seeumUSunuasivedanomalasuanaidud dadnsuvesnsaunadaluiiatis

dminuis 1 n3u (mg GAE/g dry matter)



55

3.8.2 Y3u1aumadiiu

Turuddeiasinisinseivnaimediulagldinissile High Perfomance
Liquid Cromatography, HPLC (SPD-10A, Shimadzu Co., Kyoto, Japan) %ﬂ ankUagann
78n15984 Thiangtham (2003) TnenszuiumsuenansUszneviiaulassiintussninana 2
wla Ao W\Iaagjﬁ’uﬁ (Stationary phase) 30 Aodutl (Column) Auwlawadeud (Mobile
phase) Fsazgaueneenulunaiiisnety asuauioglusogsanansngnuensanainiuld
fusgtuegfuaruannsalunadiiuléfvesarsiu fumaiiadoud vie waflegiuiilag
a15Usnaudilnufianunsadniuldd fumadiadeoud ImﬁmiﬁgﬂLLEmaaﬂmiﬁfj%Qﬂ
asTadyaaieiinsavindaaial (Detecton wazdaaadivuiinldaindinsaineed
Snwazduiin Fsasideninlasulawnsy (Chromatogram) fag1sieSeuldaziiuinszi
Usuanmedfinlagldnodind 18 finauem FuRtaugnaangl 4.6 x 250 mm? 4un
aun1A 5 um Lagld Ortho-phosphoric acid: acetonitrite-0.05% LU usaiaazalews ownd

PR BUTIEAE 6535 (v/v) idnsanslua 1 ml/min
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NaN13INNadN

4.1 N15NNaBWUIIAU: N1TIURAILLUUANSDULNDNANLNYTHIAINDULIAIRUUAN

Y] 0 o v a Yy a
ﬁauﬂqwiUimﬂuﬂ\‘]WﬂﬂENE]'NEN

4.1.1 ANYUINITOURAIVDINYIFIAN

wsdaananldlunisnaaeedinnuduSi#uviafy 10.10+0.15 g water/g dry matter
MINTOULRIAI8TTNSBULAILUUANS DY auﬁmm%uqmﬁwmﬁﬁu 0.10+0.02 g water/g
dry matter aULLﬁQé’asﬁ%miauLLﬁQLLuuam%fauﬁqmmﬁ 40, 60,80 uay 100°C 7z
ANILEIa1IAT 120.2 /s nuaITlolunas suLie iU 1920, 230,130 LAy 85 min
ANdIRY Tiseiugungi-100°C Baduseiuiitlmuideugeanliinanlunissunsisiosiign
Lﬁaﬂmﬂ53é’uwé’qmumm%@uﬁqmwg:ﬁqq%Ls'Qé’mwmidwmmamw%amm%ulﬁaﬂdwﬁ
syfugaimninn sadulAsnsouusisinanslusud 4. 1T uay 4.2

safiuandluguii 4.3 mmé’mﬁuﬁ‘iwdwé’mwmi'emLLﬁaﬁUé’mwﬁ’mmmsﬁuﬁqm‘mgﬁ
gULTIn99 i WUBIeE RSN TR UL ATl ToUR IS Esenes e nse uwiaLu LAY
$ou nsvuaumssuwisintulugissnsntseunanandundn Ineddd Suannadowu
maﬁaﬂius&wL‘émﬁuﬂizmummﬂuszasmmé’jw] e 5@51ﬂwsqu§8ﬂawu%umaa
s dssnelutausniidganilussaievesnseuaunisuanisasssitlidaanndestu

NI ULNTNEINUN TR U IAAN 1IN SNBATATLTTNITOURALULULTULN (Doymaz

and Pala, 2003).31NN15 AT IEVORTINITOULIGIAAA M ULARZANIILNITOULIAS WU

BMIINITRURNLANER. FiD 0.0059, 0.0107,.0.0173 Uag 0.0248 ¢ water/g dry matter-min
LR UL NYSHmiuUaNToufigangil 40, 60, 80 Hay 100°C mud1ayU Faiile
Wisuiiguivgamgii40°C dnsn1seuwisguanilmiiuuta 81, 193 uay 320% dmu

NFRULIITIRAMQI 60, 80°waz 100°C
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MC (g water/g dry matter)
(o)) (00] 5
FRtTF # P

o @

Drying time (min)

Y

NILUILUNITOUNANAILANTOUTIQUNOTO UL

& 100°C
o 80°C
A 60°C
o 40°C
ax %
2
ee
e
0 _& : ee?eee?ee & e © o o o o
480 720 960 1200 1440 1680 1920

1
l o 100°C
H
08 do g 80°C
(]
2N a 60°C
0.6 430o
® o o 40°C
o S
= 0.4 -g; oe
& %
A Oo
0.2 deon o
o :
A (]
©
%&, %9,
0 5 T e P
0 240 4807209601200 1440 1680 1920

Drying time (min)
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SUM 4.1 ANUFUNUSTLNINIAINNTURALLIATUNITOULT VDL NTTAIAIH T UT LN I

JUT 4.2 Anuduiusseninednsduanudulasiialunseulisveanysdeennlusening

NILUIUNTBULIMEANTO UM TB UL
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0.30
';-_f o 100°C
£ 025 4 o
5 o 80°C
-+
® 020 - R o
S a 60°C Q
Z‘ el
-Sn 0.15 4 o 40°C o u] g O 0O
s & o o O = ;3

| %
-l&; 0.10 o o o Qg a ﬁ x Fay
< G 5 B
< 005 | weo s & " o
o o ats B o
@) GO 1 2 5 o ©. 0 O °
0000 ©
OOO o| = I() T T T T T T T $

MR

JUN 4.3 AuduiusIEnI9ensInITeuisuaz8nsId AN LN s ASaNe LTI

N3¥UILNTOURINA ILAN T UM UNNNB UIAFIE)

% = Q‘ 1 aﬂl =Y =)
4.1.2 duussansn1sunIANNTUUITaNSHE
INANT1997 4.1 HANISIATIEVAIUUSLANTAIS LNIANRILUSEaTSNa (Effective

moisture diffusivity, De) Yo4nuseeen Tuseningn1sauwinemeauiounseaugumgil

a1 } I

40, 60,80 1A% 100°C WYIHARYITENING 0.7302X 107 09 9.1281X10%m%s Tnedian

Y
duUszAvtmIunIANUTWUsEAVEHATIAL IR M IRl T TuNIsR UWEAINNNTY Bena

¢ N 1w

nsneaefilalndlaesiumseuiiseUlanigausonu (Wang et al;; 2007) @adlpduusedns

=

N1THNSAINNTUUTEANDNADETIYIN 7.0587 X 107614 12.81 70X 107 m¥s Ngaumgiiauiou

9 Y
a ¥

85 04 105°C uagn159ULIAe Olive cake (Akgun ‘and Doymaz, 2005) ﬁqmwmammq 60 f14

Y

=

100°C gafleduUseansnsunsauauUseanonaagludlg 4.846X107 fia 8.818X107
m?/s FANNANWITENIUL U ANEUUTE NS TWNEANUTUYsEENSHavRTanTIn Nl

Aegludae 10 e 10%.m%s(Wang et al., 2007)
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15197 4.1 AAUUSLANTNITENTANUTUUTL AN SN AYDUNYTEIUNNNDULIAINILITNANT DU

WuUaNIoU
aauuiiauuiis (°C) duuszAndnisunianutiulszaniua (m¥s) R?
40 0.7302X107 0.978
60 3.6918X10” 0.963
80 6.0043%X107° 0.958
100 9.1281Xx107 0.959

4.1.3 WAIITUIUWY

[ |

gamaiinildlunszuiuniseusiilulvienddgronisidndwiuveunsoseuwiauy

o

AUSDU NINAABILLANYINNITNAADINDIAINAIITUNNDINTS FUNITBUBAIAIIAUS DUV

wysdsenelusvnuutsmasuidesnsldvessvet 1 kg NANINY IEIRNANTE8NT

[y

ANMUAULUADINAIUI WML AIANITNAABI TNV DT AU IMANN T I UN1TDULAILANFN

9 Y

4 o 1 I

AUAINUFWURDINAINUINIZIZLAN A NN LB SHNLBE A N9 DA (P<0.05) tngLilayvinnns

)

1%
LY =l a

v o a o o 2 o ° = 44'
DU TLAUURNUNT (40°C) ﬁ]gmﬂqﬂquaULUa@\jwaﬂﬂﬁluql’]LW?SQQW@@I@HLQWW%LN@

9 Y

a P 1Y) % a v ) 3 = oA X A )
Wiguiieuiunstdgamgdouunanszeiugs (100°C) Banundaraaudude sndany

o o =

Tuniztegian luvasiinisevwislussAuanmgiuiunaia (60 was 80°C) diA1AIY

AUUFBINAIUI N LR N9 L UananTdlafas IR NN FURN USSR LALL UGBS

a

NEIUTUWEAUsUnaRTTlunNTo UL U A udu LS lIa e utuA Al 9vi1n1S

9 Y
iy, £
aa o 1

UM UYINAAIAIUAUUABINAIUTUNITUINNIINITO VLN I NN N

Y
(2

TunrensstutuaziauduiUs LTI UIN T ULAALEL LA SB UL NaNAD ANUAULUEDY
o ° o P v oAy ] o a =
NN Iz AN TEEA WU Ll uN TE UL RER Y Aaanslusun 4.4 Fanans

Wﬂaaqﬁlﬁwmﬁmﬁuﬁmm”?ﬁa’éuﬂ (Aghbashlo etal., 2008; Motevali et al., 2011)
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35 35
€ 32.00 h
30 4 L 20
C
= 25 25 ©
3 - °
C, =
o 20 4 L 20 <
E :
E 15 4 L 15 B
= &
U £
L o
A 10 A b - 10§
b
5 a 5
@3.33|h . . -
2.17
® 142 h
O T T T O
40 60 80 100

Drying temperature (°C)

a

JUN 4.4 NEUTLINE wazkiaalun TR UL UBIN SO UGG S sgnasie ass ouna aun gl

Y

NI5BULAINLANF 19U

4.1.4 AMATNNINNEATNYBUNYIFILI AU AN AIUMINLULLIETIN uaY
¢ & & o/
WasguAnIInang
99NA1397 4.2 bansnanIsnaaeInuaRAvsiuan I loun Arraududiden
ATUNLIMULIIATIN WaslUasBuAnN1TnaR e inasfznnleunisiigansou Janudi
gamaiiluniseunisndsiuaudimanmeamiladaanguanel iy eg wilted Ay eata
(P<0.05) IneiionamaRluniseuinaifing iy A1manududiden (@) azanas Jainain

Ufnsemisiindinsianliinestasnuioules (Non-enzymatic browning reaction) MinTu

A

ilevimseuuksigaimgiigs (Honma and Murata, 2011) wRltm1snauRuAIALmIIULY
AT INGUTARYgeRy iiesanmssuiisiigamgiigiorahliAnanudy
meludanlusenitviniseuiiedsinlvidnasentsvasynieluvesdan (Pan et al., 2008)
Mnuan1snaaeiisazuliinmssuuianesdanadsauioulnsldgumgliddniing

auwiilagldaaumiiadiloNansunaNAMNINYNINIEATNAINLANET 3N
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A15199 4.2 AR NUTUAREY AMUPUIMUULIATIN LaZLUaSIEUANISNAMUD I NYTAI2N

TuseninanszuIumMssuliluUaNSoug g Ta UL

I HHGRTIZE aanudufiden  anumnwiunaeTw N1NARQ
(O a* (g/cm?) (%)
40 -2.2633%0.13¢ 0.1817£0.002° 88.479910.51°
60 -1.1200%0.01° 0.1843% 0.010° 89.628612.94°
80 4.496740.08° 0.2110£0.001° 89.6335%0.55°
100 4.7533+0.08° 0.2332+0.002° 92.4747+0.32°

MvNEINTWSINguimleunulumsaLLAsINULAAMIaNaNsVAaes LA NLANeNeTY

Y [y

DYNNTYEIALYNNERR (p<0.05)

4.1.5 ANINNI ATV NTIH IR nauwe: YSunaia sHusdavaanuaz I
d151A2% 1
913U 45 wana b iunaveIn A s dUspan s e Aavinu auazansLee Ty

YPUNYTHIAINBVIINRIINHANITNAA BINU TN gl lun1saulviaieneriuaudfimaaiinle

o a

frnaiunnsnsnusgiitdudifyieadd (P<0.05) lngidudirdunaduiuamansnyiinig

AATIzvdewlauulAEsanLiia NI UL ITaNT e oM 60°C FR1NKanIITY

9 9

Y93 Chan et al. (2009) 1951891u310QATeIN aNnd U AR Ul s 2WIneN 1 TO UL TIY

v liUTI i IR e UL addTe (Antioxidant activity) 240U NVIAHAMING1IR9971992

=

& o9 v v @ Y v o a o A 12 a

Juanmsnvilvinasnesetouwiangsdisnameauseugamil 40°C dusinaansilueia
ManaAuarasLAe87uT e ol anil alseulig ufiun1so uuLes e ausauTigumiiaug g
9aumAlianIT egnslsnaunIseuwimeansouioavgiguiueravitimtiuad gnvinatevi

A

iAnleulwsl Oxidative wag Hydrolytic wazluviraruasanAyninaiifdioy (Chen et al,,

&l

<

2017) A9HUAITRUL AN THIRAAIEaNTo TN 80 Hhar 100°C Faidugumngilngs

9

USunuansiluad AMNALA L AN SEAATNUTD IS 69219 D UWIAIIa N A
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1.10 1100
ﬂ (%]
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3 L b 2
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£ \ <
b,
C
£ 090 - é/ Neo L 900 o
[ £
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Drying temperature (°C)

SUN 4.5 USuauansiatatiy (Lauiiuve) uaguSannuasilusdaninun (WHUHEY) Vel

Y

INYT ARV UWAIIEIEN TR UIYILUUaNSe TRl uLias1e

4.1.6 msinduladanmusdsnaeuwiuuuanioudmsulfidud meaadnede

9nMseUNTNHTsdeEnALUALFouT L faTeladvuatnamlun1saidenda
naaasssdlapldnmaimnisied FeUsdiatinaasvdadedl s diapouurild
Huinessivan sy shoshamsdenaeuwiuutaufoufigumalauuis 60°C SefiuTum
ansiuoanhaiauazasintoBiiugeiian Sadumegteiidlunlfiuamaaesdradsdmsy

sAnwsaly

a

4.2 BNTWAVIINTHUELLIIBUVINUA ENVILHYLINA LASANUUIVDITUIES

%

FDANBIZN1TOULAILAZAMNINYDUNYTFIRNAEATNTDUMAIUUDUNIILSA

InnIsNeasteuL R wYsEeanaluiadedeae A n15eUwts 4 33013 1aud 1) A3
DULHIAI8SIEBUNTIIA (Infrared, IR).2) N15aulIR185ED U 1LIA TR UNTduaLTiou
(Vibratory bed assisted infrared, VIR) 3) N150Usisnlesedsunsnsnnelaan1isanyayinie
(Vacuum infrared, VC-IR) 4) n15euwsiese$addunssasiuiunisduasiiounsldang
deyey1n e (Vibratory bed assisted vacuum infrared, VC-VIR) Tnan1snaandaquanslu

q

danalul
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4.2.1 AaNWUZNITDULAIVDINYIHINN
INNITNARDIBURIAIAILITNITOULIING 4 35n151AuA IR, VIR, VC-IR wag VC-VIR 13
AUNUIVDITUTARNAINY NUTINITOURALNYTHIAAIEITN1TOURAS VC-VIR N1AUNUY

voswuiantosnan 5 mm ldialuniseuuisiesgafe 70 min LazdlsnsINToULINEER

WINNFAPR 0.258 g water/g dry matter-min d1%TUNITBULAANYTAIHIAAIEITINITOULIAS

IR anunuIvenysaennuniigade 15 mm ldhatluniseuwiauniigade 180 min

LLazﬁéJmﬂmiaULLﬁqqqqmﬁﬁﬁqmﬁa 0.107 ¢ water/g dry matter-min fauanslun1siei 4.3
?fqmﬂmaﬂ’1'3‘1/1@aaafﬂﬂumiaﬁuaquLmemﬁmﬁfhmiﬁuazLﬁawmwm dnIzgyyINe
Tunseuntis uazanumilivestuaninasednuagnassouranesdsens aaonadasiu
n15338909 Jongyingcharoen et al. (2015) findnalFifiuTsnaivesnisldinadianis
é"uazLﬁauLLazamasmaa‘uu,ﬁaquqﬁgzgﬂﬂﬁﬂﬁﬁ&iaé’ﬂwm:ﬁmaauLLﬁa uoNANTUUED
ATV Das et al, (2009) ETQWUjﬂé’GI’i’mWiEJULLﬁQﬁWN’]iﬂLﬂNQQ%UlﬁLﬁ@I%L%ﬂflﬂﬂ’]i

AUALLIIDUVBUUAYTBNITAAAINMNTOIU AN T A

A19199.4.3 a1l TR ULTLaY SRS IN TAULVIEIARYEINTT R UL NI IR A e 598

AuUNIUTA

B3 ANUnAEY e lunITeuNY  GRTINMTaULNENER  BRSINITaULYINAGY

QUL UB9TEN (min) (g water/g dry (g water/g dry
(mm) mattersmin) matter-min)
IR 5 110 0.147+0.001
10 140 0.121+0.005 0.125
15 180 0.107+0.002
VIR ) 95 0.160+0.003
10 120 0.130+0.002 0.134
15 160 0.112+0.001
VC-IR 5 75 0.238+0.001
10 90 0.200+0.001 0.210
15 100 0.193+0.001
VC-VIR 5 70 0.258+0.001
10 85 0.202+0.001 0.219

15 90 0.197+0.010
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SUT 4.6 uay 4.7 uansnnuduiudseviednmdmamtusaginalunseuuis uag
U7 4.8 way 4.9 waninuduTuSIEninednInseuuuasdnsndiuninudures
s alusgninnsruIuNTeULTILUUA NS LSA Fanaainmsduazifiouvesiuauay
anmzamelumssuuianesdssnnanunsafionsantdainguil 4.7 uay 4.9 aduteya
FunUNanIIIAaDseULsiALMn 15 mm TagldiBnseunsia IR, VIR, VC-IR uag VC-VIR
ﬁm%fumamaqmmmwaa%yuiaqﬁﬁﬁiaé’ﬂwmzmﬁauLLﬁqLWﬂzﬁé’mmmmaaﬁmimﬂé’magﬂ
7l 4.7 uar 4.8 FuIudoyadiununanismaasseuuianysdsanasisisnseuuis VIR 9
mﬂwuwm%ﬁa@ 5,10 wag 15 mm

MUl iR N TTe LA s A ALt (SUT 4.8 uay 4.9)
wuhiithsdamnasniseuuiaiiRatulusgwingnssuaunseUnie 2 1asiio 1ngaiuduTes
MTOULTIAUTATITSRTIAITEUNNIGIAA (Heating-up) tazT9TlaRIRe N YATISnTINS
BULTTLEUARAIA (Falling rate period) Taelsinuaasdnsannseuusisasit (Constant rate
period) WuLREATURAN IPABINITOUMTA 1A R BT NS UM UL VIR Fsldnunns
ARt nInseULRIATlT IR (Das et al, 2009)

Vet 9INHANISNARE aunsasuladaaunnsl¥anzgyyimeiidnnaseiaily
MUV ILaLSnsINITaUINANN NSl I sduas fisuresiun. dude ileldaning
aun ANl Ta UL SAsINNseuLiRaATiAIg T EI M 80% F1MSUNITaULTs
VR Eoissusiisuiivnisenuis IR @udioatu SasanrseuiisgeantiAngeiulseuia
76% dm3unnseuiiis VC-VIR wetSauisuiumssuuis VIR Tuvaizd 1ofinnsduaziiieu
YagLUA STMIoULTgeandAtuiies 5% dnfunisauuia VIR eiiuifleutunis
DU RUAzSmIInIseuLIdgsaniiangstuifivs 2% Smsunisatuia VCVIR Lile
WisuilsuRumsa Ui VIR dakansluzun 4.7 Gaagiiuléinniseuuiesne IR uaz VIR

Faduisnseuunilpglifanneduaaniasieetl- N113ana 19aeA NIz taaN 35N 13

=Y

AUKITII AN A NIALUN1 T UL INAEL RS UM UTIFIIaI N TR URALAE Y

¥
= £

tuidumsizinmssegimeuiuneluianasifeduiuiiauatiasudunisouwiaiienin

luannzguInAtualsessuelafiguugisuasan1gayuInadinlminam

Y

=4

wansingvasanusulenslutandadesundifudnvuzinuvess@dunsusamdunisTi

v 1%

AusounuunsuRsEd W lwde TanvinlnAnanusuleiintusg19samsuauny fAaiuds
MIAANITUNTVBIANUTUDE195IAL57 (Salehi and Kashaninejad, 2018)
3IN3UN 4.9 uaninuduiusseninedniniseuwiakazdnsidiuaiudulung

BUWIYBUNYTHINANIANUMUNYDIRUTAAWINAU 5, 10 Wag 15 mm F991NHANTNARBY

N v

WuIMANEMUYeIulan 5 mm Fadupnununidesiganldlunismeasseuuiasiens

[

N130ULIIgeNEn wardzanlouadilaaunuIvesTuTanuINTY F9919AnNTUTannil
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ANUNUIRBENTT WAIWIINNITUH SIFVR5EBUNs HInansailuneluaglafndn

wenaniguiannianunuidesniniu inlvsseenslunisindouivesnnuduainaeluan

o [ 12 '

dnvesTandualuhvignsn1sanaivesmuRugnitnIse Ui Tan NilANuLNINTY
Fanan1sneaeilagieiuauiet1iufenaig VIR (Das et al, 2009) kagn150URIAINATY

f8 VC-IR (Swasdisevi et al., 2009)

1 B3 -
28 ol
C]
8 8 o VC-IR
3 o
0.6 2 B a VC-VIR
© (€]
< 2, o
= x 8
0.4 4 XQ © &
N © g
Ao (S) =]
Ao el o,
02 AZQ ] 8
Tl & 2 S g
a® e B
Aoe © 8 =)
0 T T T N e T T 2 i

Drying time (min)

JUN 4.6 ANUFNIUSTEMINERTIdINANETLLGL LN lUM T UL VINTD LN T Ane3aNS

DUUMIRIAUNTIAINMNAYBITU TaRINTY 15 mm
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0.8

0.6
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&
8 g o 5mm
8 g .
moe o o 10 mm
=X
o © o o 15 mm
)
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g ©
- °
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d o <o
<
| ©
<o
=)
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=] e ©
8 °
=) © °
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Drying time (min)
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JUN 4.7 AudiiusTEnaNen S IAIUANEYLLASIA UM TO UM B N THIIAR 83BN

QUUY VIR MIRunivesuianiviaiu 5, 10-uag 15 mm

DR (g water/g dry matter:min)

0.24

0.20

0:16

0.12

0.08

0.04

0.00

MR

o IR
o VIR fhy
_ ‘ B
o VC-IR £o (B8 2y
»-VCVIR S E)
®
Iy
® ¢ @
s OA & o O @D i3]
o 5} @ @
AR ms B
om® B
r AQAQAO M 9 Fae) & °
a0 ® o 8 s
@
oDDDOD
]
T T T T
0 0.2 0.4 0.6 0.8

g‘dﬁ 4.8 ANMUAUNUSTENINDATINITOULAILALDNTIEIUAINUTUYDINYTEINIAAIBITAT

BULIANUNAN U IARYINTY 15 mm
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0.20
— o 5mm
£
£ i
3 0.16 o 10 mm B @
(O]
t 5|
© ®
€ 012 4o 15mm a " o © ?
> g 2 D LS
o g8 8 B o S
I a ® o ©© e e e
S 008 { @B o . ° °
© in © o 7
; g 8% © e &
C, ° o °
= 004 4 o0
()] 4
0.00 | . . | )
0 0.2 0.4 0.6 0.8

MR

JUN 4.9 ANuduTHEsEnI 1980 IINTTBULILAYENT1AUATNYUT DS NYTHI2NAFIETINS

DU VIR AUVt U8sfuianiiafiu 5, 10 uag 15 mm

o/

X ﬂy = )
4.2.2 duuseansn1sunsA Ul sansHa

1%
(Y a

AduUszavBNIsuNIAILTUYsE AV NALTUN 1 En TN IS a8 WA LT UL AN WA3
meludan 91n3uN 4,10 uaasliiudedndnavesnisduay flowuatiun anniggeyine
Aeluietouwis LagANNNUIVRITL TANUINTOURA LN TE00 18 5138 UNTLIANTHe

A1ANUIEAYBNITUNTANUTUYTEANTHA FIAN Dy NITINN1SNARDITATRETENING 107! fg

o

107 m?/s aagnulanaludmiunnsauuiiendswa g Tanmnaenisiaens (Srpinyowanich

1%

and Noomhorm, 2011) 91n135n715Maedauwisldeiiandiwiudssunuiaulamenn
D %qﬁuasmmmﬁaLﬁmmmumauwmﬁqmm 10e@ Doy 8t NHTUYSEUN 2 19 Ldle
[ QI d’{ | = 1 z:l'
ANUNUIVDILNTTAILILNLTURIA 5 mm bUUAIIUABT 10 mm wagLNay 4 191 Lo
LY LTNAADIDUBLAITIAIAILTUT 15 mm FIADAAABINUIIHIIUNNTINENNYITD
UN1T0UWIIIAANIINTINYASTILAAILITILINANUNUNTO S TAA DU TINNNTUEIN A YN LA
AN Defr ‘ﬁﬂ'ﬁqﬁu (Sadin et al., 2014; Das and Arora, 2018; Cuevas et al,, 2019) kaga1n

LUUTIaeINswnsVeITiAd (Fick’s diffusion model) flauyRgiuintuianndanvausidunsiu

[
a =

FPUIU NMsHNTIzAnduIINAslugiuiineuanluiianissgvinduntsunslufianig

a1 4

autsesianaziiatdosinn udedalstnulietagildluneuuiedinuvuiuniu ns

9

¥
=

WnsveIATUAATUlUAN 1A UT19D AR I NHETWINIY Doy HA1E9UY
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ogslsAmuninnisnaaedluiadeduandlifuinisléanosagainiasulunis
DULAIEINAYIN AN DeffﬁLLmIﬁuqﬁuéha 198NTOULAWNYTHIRMA8 VC-IR wag VC-VIR
gilA1 Doy F9NTINTOULKINEY IR Wag VIR Useannd 50% anudndiu FeunaziAntuainnns
a'uLLﬁqmsﬂé’aqu@mwmmﬁﬂﬁmm%uﬁﬂmaameé’ammzmaaaﬂiﬂaemiam%a
uaﬂmﬂ‘ﬁmiauLLﬁQﬂ']&fLéTaﬂnzqmuzyjmﬁ&Tﬂﬁﬂﬁlﬁmm’mLmﬂthaqmmﬁulaﬁqqﬁﬂﬁ
fisruEnsalunsiemANLTueenaInmYEena

dwsudvinavesmsldnsduaziioureauatluniseunianesdenafifanumu
%a@%u%ﬁ@ﬁﬁhdﬁuﬁI’UWU’hﬁﬂﬁﬁ’] Dest Lﬁmqﬁmﬂsuﬁﬂﬁaﬂ 1AgHYI9AIIULANAIVDIAN
Defr mﬂmﬂ%’msé’uazLﬁauﬁumw@LLaziﬂﬁd'ﬁaﬂumﬁaULLﬁﬂ@gjim’m 0.05x10° 94

1.47x10° m?/s

16

14 4 —E

12 4

10 4

-9 2
D_« x.107 (m?s)

oo

AP

15 mm

10 mm
15 mm

15 mm
10 mm
15 mm
10 mm

VC-VIR

bS]
=
By
<
N
By

SUN 4.10 duUsEaNTNTUNIANTUUSLENTNA (x107°) U99N158ULINYTHIANA LS9

[

a

DUNILIA

4.2.3 ANAUUBR NS ST I

mﬂgﬂﬁ 4.11 waniAiAudesnIsnE s uildlunisssmein 1 kg 99n31NTa0
(Specific energy consumption, SEC) #18385n159ULUYU IR, VIR, VC-IR kay VC-VIR F997nua
113NAABIEINITRUITNTa UL T NS aasseenlaiu 2 NAUAUAIAIIUABINT

naundesnsidluniseuuiunysdeenn Ae nduidesnisidnduulunmssuunsmuag

nauiaeensldndanuluniseuuiegs Famanimaasanuinisniseuunaniinisldaniy

)

U INIATINAZIAT SEC Mde AetunITOULIAI835 VC-R Wag VC-VIR azaglunguvas
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WBnseuwhandeanistindinuluniseuuias WudedriunanismaaeanIseuwiaudn

v a [

uunelaan1izgeyeinailia1 SEC ganin1seunnanigsadaunsnsn 4 wih (Motevali et
al, 2011) eglsAmmusinmsouuianysdenameldanzagyiniaazilan SEC figs us
AilelduTouludesnisldnatouuieiiduas waz dufiundanainidnisouuseiiinng
Suazifouvaaunsmdoiilifinader SEC winanumuweanysdanaazaoullfn

afmgﬂﬁﬂéfnmLLamﬂﬁLﬁum SEC fpnuduiusuuunndutunailuniseuwisivie

AN SEC Nu1nTUazINavinbAIaN i UNISaULALNTTAI21ALad

3.0 o 45
] L 40
2.5 4 7 .
- L 35
ﬂ ——
S 20 4 == L 30 %
Q o)
~ 25 =
< 1.5 4 )e’/’e\ | Lo I &
) Lo S
E M \ / - 20 c
£ = N 2
Lo 0 £ - L s
c 2 U
S = L 10 &
O .05 4
- W5
0.0 0
= & € € & S & € € - c €
= - & = & S = = - = & =
W_YZ M AU S 02 [N EN Qe (85
IR VIR VC-IR VC-VIR

JUN 4.11 ANUAUUGRINAIIUTUNNY (WHTQTU) Waziialdlumsauuns (Wuniiidu)

YDINTOULAINY T FIBINAIYTIADUNTNTA

4.2.4 AUATNTITNNBAINYDIUNYTAIRNNDULIS: ATINLANAIETIY

d' ] a ~ o v A
NANTNN 4.4 NANITNATDINUANNITIUATULURIETIU (AE) U9 WUIAI21RALLALUD

[y [ =

Wiguiguiuinysdannanirogluyiesening 13.69 fs 16.40 lagisn1seunianazay
nnvauTagyiivian1siudsusUasdsiuiinnuuansnsiueg i@ Ay nieadn (p<0.05)
woNINUTINUITUNMTPURAIAIEITNTOULAURINY LTBAUNUIVRITUTARM 1 UNNT
N ) a1 ' LY 1 N v o W aa 1 [
Wasuwlasdnudiduanseiuegedited Ayn1eadia (p<0.05) agelsinmunaainaumn

[ A a

V033U TanvseIsN1TeuWdliaunsavenanudaiauvedwilduveinsiudsunlad

SAWNANTY FINan1IneantlliaenmAdsitunNan1sNAanIauLdLiinYad Das and Arora

(2018) ‘ﬁdmﬁmimﬁauwaﬁsw%LﬁwﬁmﬁammmwaﬁmﬁmLﬁu%u aﬁjﬂﬂliﬁmﬁiﬂﬁ]ﬂﬁu
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Y aa

lodmnisniseuwiandnisleseddunssalumsesuwisasil mnisiwisuwdasdsiudosndi

oS aUL g UAUAIBE 199199 9T9B ULIIAIEIDNITOULAILUUALS DU

A151991 4.4 NAVBINTAUALLTIDUVDILUA ANITFYYINA kATANUNUIVBITUTAaNRBAINIT

WA UL UAIATILUDINTOULAWNYTAIAAIES IFDUNT LA

Material thickness (mm)

Drying method

5 10 15
IR 14.83+0.02°¢ 14.41+0.03°° 15.23+0.03%¢
VIR 14.98+0.02°¢ 14.05+0.01°¢ 13.69+0.03¢

VC-IR 16.40+0.01%2 14.55+0.03% 15.40+0.03"°

VC-VIR 15.55+0.02°° 14.23+0.02°¢ 15.81+0.0222
HA 17.71+0.11

MvnLINIWSINg wksnnmlaufululafuInukans AN sMAaes AL NF9AY
pUNTTYEIRYNINEDE (p<0.05)

AdnyIn weIngedIndssnmiisuiulunedudine i uLaas I wan1snaas kil

v o w

unnaRAuBENNTEd AN 19aan (p<0.05)

4.2.5 AMNIWNNIATIVINNYTAIRIABUWAN: USUaid1siuad avlsuanuazUuna

A15.A20%U

oA

Tagnlglunagnaaoaluarnddelaunandauvedafaudiainsguidenuing

o w

3 ~ ! = ) allo = % a o
9AUTENBUNILAUNE) 2 dUAD 1) aqﬁﬂigﬂ@Uwu@aﬂmﬂﬁﬂ@%ﬂﬂqﬂaﬂ@%awaﬂqﬁﬁﬂEJ
U

4
Wuideilgnsaueuyadase (Lekshmietal, 2015) way 2) aliugea F31U3denudnen

] tu i

Fuveungsdasnndansddgyieglunguus swailiuesd AeansiaIediiu (Quercetin) Gail
@mamﬁmumiﬁmauuﬂa@aisqq (Thiangtham, 2003)

NN 4.5 Uay 4.6 LAWY I TAUGY o LD IR ANzana e LAy
wuvestutanioUIuams iiedeaunauanATa it s se ULt LI Rsanadie §97
BuNINIA 2INNIFAAFIEINERANUINTUHFUANUSAUTENINNTTNTOUMAZANUNUIVD
i’aaﬁiaﬂ%mmmﬁ\luaﬁﬂﬁwmLLasza%ﬁu (p<0.05) Mypuuslaginisduayiiiouveaun
sahliUsinaansiuedarvunuazansimediiufuwiliuiutu luvaefiniseuutnmels
am’azqaujzmmﬂs’mﬁ?uﬁﬂﬁﬂ%mmmﬁ\luaﬁﬂﬁgwmLLasmﬁLma%ﬁuﬁLLuﬂﬁuamaﬂaéwﬁ
Hud1Agn1eadis (p<0.05) uaﬂmﬂﬁmﬂmimaaqé’qwudwmmmwaa%ﬁa@ﬁmﬁuﬁwa

liUSunaasiuedaisnuaLaz AT NUNLTUR N TTYE AR N9EDR (p<0.05) BnALIUNNT

DUMAINTT AR IR
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HadefiutalwesmaiintuvesUSinaasiluodaiomnuasiniedure nysdsannd
suwisenslimsduasnitouiuiuorafinnnnsduaniouveauavhlitutagausny
$y@sunsusaldegshddusenihnseuwis wasllesnndunsisadinuanunsaluns
wenstuszladnaudvinlviinasiueyyadaszieglungs Low molecular weight L9y
Flavonoids, Carotene %58 Polyphenols (Rho et al., 2010) Iummzﬁmsamawaamﬁ\lua
aﬂﬁgmumazmil,ma%ﬁuﬁauLLﬁamaslé’aquagzyﬂmm'mﬁ?uﬁmaLszj'wﬁmﬁ’uswmu
NaN1TI8Bues Zheng et al. (2015) Fsvhnisaunisnenianion (Loquat) wazseenideves

Uribe et al. (2016) @avinnseuuniaiuiuasiluyi (Peppermint) Baaunsgei1aiinaindani

auwianeldanvanyIneneufsenN15iAnduaea (Browning reaction) lussaufigou

'
a [J [

nirdawalvigrsaiuenladaseiiad lagdnedaannuidendmanindndusive s jisen
N1 AndEU1MaMAnTUlUTEUINN TEUINN TR YLIAAI VSR U YYaBESY AT (Chan et
al,, 2009; Samoticha et-al., 2016)

£ '
o (% v A

dmsumaranusuaE s RREAgueA NN YT u TR AT U1 A AN N

Fudanniagruuinilenianaiugaiszgniatglusyrininisevurisdoundt dan1si

q

[

HEgLEadgnyiTangdeeninluserdiantseuuiiduaz i binasUanydegieulgdd iy

[

nszuauNsoandntutay lolaslawduanasiazdiannisaatefive s sngnwal N Agy
Ag e (Wojdyto et al;, 2009; Chen et ali; 2017) uanannil TusgniNNTEUIUNITOULIAY
nsaangfmiinaINUfisersendnduresarsesnganidinmeaisnsaisvulaegnidase
TwusuvemaveslanduiaiuusseonnalInded (Ren et al;2018) FInsiinufnsen
a o & a ) = Y Vg ol o wEhe) Lo o

aanLaTUTaz ARlaUINTUlUAIDE AT TR U TN I NUD RIS UEELNN

M15997 4.6 GaudaliAuIneTdEnuATAAeglUSIMEITATET iuNNNT
LNYTFRAAER NITOURIMUU VIR NI NBUIER 15 mm JUSRuasiuadanavug
LaLAIRBTIUAIgARD 1,083,625 mg GAE/100 g dry matter Waiz 3.472 mg/100 g dry
matter MUAWU ha N dIAYABLNYTFIRARAINDULAILU VIR HUS1N00A8 8N UEIN T

) v A v % =3 | = | e oA a ~ )
INYTHILIARAIT O UWAIMUUANTOUN 3.5 1911 Uazaaiundadie 4 idaSeuiisuiu
WWYTFIRIRERN (WANTU 290.99%) @AAABINUIINIVLYDY Ren et al. (2018) 991115
AATIEIANAIBTNUIUIIVOUAILITNITDULAILUUANS DULAZ NI T UM UULTLEBNTINUIN

ANLAIDTRULNLTY 70.5-115.3% Wag 76.0-154.9% AUaIU AuuansasudulaImaia

AR ULAI LT stIsRNUSUNUNETPR R AUl NS A2 0 Lo
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A151991 4.5 HAYBINTAUALLIOUVDAUA AN1IANYINTA WaZAUNUIVRTU AR UTUN

a197uednanun (mg GAE/100 g dry matter) 993190 ULAINYTAIAINAY
FaEduUNILIn

Material thickness (mm)
Drying method

5 10 15
IR 870.82+14.14™P 873.72+8.67"° 868.93+8.42"¢
VIR 912.44+9.83% 964.94+11.37°2 1083.62+6.84%2
VC-IR 832.72+7.31°¢ 835.50+11.025¢ 962.20+8.55%¢
VC-VIR 839.91+11.43°¢ 873.06+10.86"° 1046.92+9.04%°
HA 1060.25+6.73
Fresh 1012:38+6.73

MvnwInwIngesnsnmisuiululaafsifuwansmanmaaslila LA NFA9AY
pYTUEAYNNNERR (p<0.05)

o

AdnwInIwIsenguasfidesimilounulunsduitfeiunans I wanisnaass liiay

o w

upAFNIAUe e UEdIRYIIEaR (p<0.05)

A151971 4.6 NAVRINTAUALLTIBUVBUUA ANIILAULYINFA UATATUNUIVDITUTAARDUTU I

A2151A29TNY (Mg/100 g dry matter) T9IN1TD VLAWY THIA1AAIY 593
aunlsalsm

Thickness (mm)
Drying method

5 10 15
IR 1.477+0.044"° 1.596+0:115"" 1,651+0.088"¢
VIR 1.647+0.0362 2.627+0.108°2 3.472+0.353%%2
VC-IR 0.921+0.021°¢ 0.903+0.0232¢ 1.273+0.121°%¢
VC-VIR 0.897+0.029%¢ 1.166+0.015°¢ 2.312+0.145%°
HA 0.997+0.009
Fresh 0.888+0.004

MvnwInwsingeinsniimieudululafeiuuansiinanisvaassliinuwnnseiy
DU ltyERYN9EDA (p<0.05)

1PnwInwsIngudinassimiloudulunedutiferiunansiinanisnaassliiaiiy

unnEsAuRYNHted1AENINEDRA (p<0.05)
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4.3 anzfimanzaulunisausianasdeandie3snisauuieuuudunsise
swfunsdusziiouneldaniizgyinie
nsnaaasluhdeildisn1seonuuunIsMAasILuy Box-Behnken wuu 3 YJast usiaz
Jadeil 3 5zduiie -1, 0 uas 1 Tnedadefiddninalunseuwiesiuiu 3 Jasdefe audy
SIEBUNTITA (Xy) Hszauvesladuyinnu 4576(-1), 6036(0) wag 7496(1) W/m? Ausy
melurpapuwit (X,) dseauresdaduminnu 5(-1), 150) waz 25(1) kPa abs. LagAIUNU
Y03TuTan (X) Sseduvasdadowinfiu 5(1), 100) uaz 15(1) mm Fauandlumsned 4.7 e
AmauaLeAaUIInadsAedii (V) Sameassriausiuiy 15 dmeastlaafumsveas
ffumisgagudnans 3 damaaes Aunanslumsnei e Fasosdmaaosmuddulunis

VP20 INN1TdunElUsinsN Unscramble

A1519% 4.7 AU TuaE A UMIAILUSURINTRRALUUNITIAABILUU Box-Behnken

5 r sEAUAIAILUS
ALk nd
-1 0 1
ANULYNSIFOUNI S (W/m?) 4 4576 6036 7496
ANUAUNEL BB UWAY (kPa abs.) X, 5 15 25
AN VBITUIER (mm) X3 5 10 15

4.3.1 SN TIUTNUBUNYTHIAN

MANNVIRABIBVIK I B MIoU WU LB IR AU sduas ouneldanoe
FeUINIA (VC-VIR) m1u3ukuuN1snaageuuy Box-Behnken Wud1aa1uidussd adnudu
eluRe I UL LAY ALY U TN AINAR DN HAEAITE UL A NHANITIATIZINg
afifvesdnTIMIsTiagian WU AmAaeslvEnTINse UL geanitiangioesliunnsng

fumeada Lot dmeaosi 7, 8- wag 11 lnedidndpsinnsouwisgednagluyis 0.190-0.213

g water/g dry matter-min agiailun1sounieegtugieg5-100 min FeBaveansdl 7 uay
8 1Judmaansiilinnuidnseddunsnisngs wazdmaansil 11 1udmeassiildanioy
anyanAags (mnusluieseuuian) uazanumnianties anmaTeudisudsinan (1)
uazAgaan (1) vosusazdads andulfegsdpiauitadeiidsvinadonisiinturese
dnsnnseuursgeanuaziiatluniseuwsiandign fio Anudusaddunsisa Tagnisidy
AuduSsddunsisaann 4576 W/m? 18y 7496 W/m? finnusumeluieseunisuazan
Muwaa%ui’amﬁmﬁu (Aamaaesdl 3 uay 13) Mlkiarlunseuuisanasnit 2 11 uaz

8RTINTOUMINGIgALINAUUTEINN 1.6 11 Aauanalunised 4.8
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M13197 4.8 11ATUNTOULIILAEENTINITOULINENAAYBINY AN AN INARBIA19Y

fmaaag X, X, X5 nanlun1s  ansINIsauwAY BN INTSBULIAS
(W/m?)  (kPaabs)  (mm)  auuws GRG0 |28

(min) (g water/g dry (g water/g dry

matter-min) matter-min)

12 4576 (-1) 5(-1) 10 (0) 180 0.126+0.001%'

8 7496 (1) 5(-1) 10 (0) 85 0.190+0.002%

13 4576 (-1) 25 (1) 10 (0) 210 0.097+0.001°

3 7496 (1) 25(1) 10.(0) 100 0.153+0.001"

1 4576 (-1) 15 (0) 5(-1) 140 0.123+0.003"

7 7496 (1) 15 (0) 561) 100 0.213+0.008°

2 4576 (-1) 15.(0) 15.(1) 220 0:111+0.004°% 0.1516
i 7496 (1) 15 (0) 15 (1) 120 0.144+0.003°

11 6036 (0) 5(-1) 5(-1) 95 0:201+0.006°

15 6036 (0) 25(1) 5(:1) 110 0.188+0.003>

5 6036 (0) 5(-1) 15 (1) 120 0.139+0.001°%

10 6036 (0) 25(1) 1541) 180 0.107+0.001%

6 6036 (0) 15(0) 10(0) 130 0.164+0.003°

9 6036 (0) 15 (0) 10 (0) 130 0.158+0.002°«

14 6036.(0) 15(0) 10(0) 130 0.160+0.0025

Y

1dnwsn edangeiindounuluasandifsifutasi i nan1snaa e lilauLans1 iy

a o LY

eI TE1AYNIEDF (p<0.05)

4.3.2 D1FAATILNENNITNITONNBBAIRIEBY
N13ATIEYANLUTUTIVUUUNILRY (One-way analysis of variance; one-way
ANOVA) Todansufnwimnuwmnnganvasaunisuas Yadendauduiusiue F-value Mg
! a o ! = ! v A ° w a
Lazen p-value MRM1N97 0.05 BakansdiannisuazJadeianudifey annan1siasienily
M13198111508 53Ul IaunskUY-Quadratic Ul AN UKAYeIA LA TIUIINNITNAR DS
\He397ndA1 p-value = 0.009 FaounI1 0.05 NUNBAINTT ANULTUTIADUNTILIA ALY
Aelurosaulis wagAunuIvesuianiinuduiusiuA1USuuaIsatedNuegiell

Y [y

HedAszAuaNUToY 95%



75

A15199 4.9 NNFIATIENANULUTUTIUVDILUUI1aD9 Quadratic

Source DF Adj SS Adj MS F-Value p-Value
Model 9 0.690358 0.076706 10.75 0.009
X4 1 0.315615 0.315615 44.21 0.001
X5 1 0.152076 0.152076 21.30 0.006
X3 1 0.063013 0.0630 8.83 0.031
X1 X, 1 0.000000 0.0000 0.00 1.000
X1 X5 1 0.047760 0.047760 6.69 0.049
XX 1 0.003660 0.003660 0.51 0.506
X4? 1 0.000011 0.000011 0.00 0.970
X,? 1 0.105768 0.105768 14.82 0.012
X5? 1 0.000447 0.000447 0.06 0.812
Residual 5 0.035693 0.007139
Lack - of--Fit 3 0.034967 0.011656 Ve 0.030
Total 14 0.726051

ANENUTEENEURIAUNNINITONNDULERINIRII 1 4.10 WUAAT R? wagAn adjusted R?
Wi1AU.0.95 Uaw 0:86 A1ua1au lurusuagInulladenudvisnaseusunuasLAaT7iuYe

L ] a o ° o/ a 1 1 d' 1
Wwasdseneeg 1 itedaganiTalsziulasan Fvalue ozl pvalue oAl F-value
gauLazA) p-value tegasuuvsedadutundelinuddguIntuy nmsalinaiun

9 U aa & a salal o w = ! a aa
AMULINVRITIEDUNTUIA (%) W TUNIT WS ITAVUE ARRInTIgndaUsuIME ST Y

VDUNYTAPLUDINA F-value digauas p-value Nigeign
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A1519% 4.10 AFUUSEANSNISanN0NBY

Term Coef SE Coef T-Value p-Value
Constant 1.8530 0.0488 37.99 0.000
X4 0.1986 0.0299 6.65 0.001
X5 0.1379 0.0299 4.62 0.006
X3 -0.0887 0.0299 -2.97 0.031
XXy -0.0018 0.0440 -0.04 0.970
XoXs -0.1692 0.0440 -3.85 0.012
X3X5 0.0110 0.0440 0.25 0.812
X1 X -0.00002 0.0422 -0.00 1.000
X1Xs3 0.1093 0.0422 20% 0.049
XoXs3 0.0302 0.0422 0.72 0.506
R? 0.95

NNANITIATIZIITURUUANN 1 SUARIANUAINUS TBMINAmD VA UBIABUT I UANS
WWRTRY (Y) AUU8U9IN1TDULAIANYIHIRAAIEIDOULAILUY VCVIR Feusenaulusme 3
HJadefn ARTLSIE0UNs L saluNITRURIN (X,) AaNAUMElURD I ULTE (X,) WagAIu

MNURUTAR (Xs) TyUhuumnuduiusAsanmsi (4.1)

Quercetin'=0.1986X, +0.1379X5- 0.0887X; - 0.0018X,% - 0.1692%52 + 0.0110X,2 -
0.0000002X,X, + 0:1093X;Xs + 0.0302X%,X5 + 1.853 (4.1)

X 2 a Y] =3 = ) | Ay | Ay v

1YanaIndAIL R wqqmmmsmzqmmmm:uauﬂuﬁuaqmwlmnﬂmimmamu,azmmlm

NSV (Swamy et-al., 2017) FagursanUsuaniarsareafiuainnisnaass (Y)

WS UL RgUAUAITERIANISYI USR8 WUV ad (V) aduanalumisiei 4.11 1ne

o W &A1 v ) 3 I v P ) ° ¥ P

AnuduusiAlndlAssiudUNINARUANIINEMTBLEUATIIANTY 45° Aauanslugun
a12
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15199 4.11 USUN0UaISLAD0TNUVD L NYTAILIALAINLA1NNISNARDIDULIS (Y)

Wisusuiuanlsainnisvinuie (7)

Aannaad X4 X X3 Y Y
(W/m?) (kP abs) (mm) (mg/100 g dry matter)
12 4576 (-1) 5(-1) 10 (0) 1.398+0.052 1.345
8 7496 (1) 5(-1) 10 (0) 1.721+0.021 1.742
13 4576 (-1) 25(1) 10 (0) 1.643+0.021 1.621
3 7496 (1) 25 (1) 10 (0) 1.966+0.015 2.018
1 4576 (-1) 15 (0) 51 1.877+0.015 1.861
7 7496 (1) 154(0) 51 2.130+0.089 2.040
2 4576 (-1) 15 (0) 15 (1) 1.376+0.031 1.465
4 7496 (1) 15:(0) 15 (1) 2.066+0.015 2.081
11 6036 (0) 5i-1) 5(-1) 1.608+0.067 1.675
15 6036 (0) 25 (1) 5(1) 1.854+0.037 1.891
5 6036 (0) 8- 15(1) 1.475+0.037 1.437
10 6036 (0) 25 (1) 15 (1) 1.842+0.023 1.774
6 6036.(0) 15 (0) 10 (0) 1.864+0.011 1.863
9 6036 (0) 15(0) 10 (0) 1.864+0.013 1.853
14 6036.(0) 15 (0) 10 (0) 1.831+0.022 1.853
WU

Xy = ANUNSIFBUNTNTA, X, = P euaelURIouwY, Xs= ANunuian, Y = Usunn

A19LAT8TNUIINANTVIRADT WAy T = USUNua sl iRaINN1SYinwWIe
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2.20
(o]
§ 00 y = 1.0008x - 0.0003
c Rz = 0.95 °
°s
c o
(o]
E 180 A
=
g 6
S
(o)
© 160 o
CO
€
I o
&
4?;‘ 1.40 - . 5
120 T T T T
1.20 1,40 1.60 1.80 2.00 2.20

UYSUI0ULA8TNUIINNITNINADS

JUN 4.12 wanan 1S euiisuUTinuaIsnedauinlaann1snaawaz NN Isinue

4.3.3 BNSWaVDIUIVBVDINTOULKUNYSHIAIA28ITNITDULIAILUU VC-VIR D
Usuasdsaadnu

aunIsAMuduRuSTUaLn1s9 (4.1) gursailuasensauduiusseningade 2
Hasefefiufamevauetay Contour plots Tneduunliavasdntladondsagiisesdu 0
WONaIL(A151991 4.7) US1naiipds@fiuiuaududsdsunsnen Anusunsluiosouni

LAZANUNUIVTUIAR AR IUFUN 4.13-6.15

4.3.3.1 8N5WaYRIANULTUT FEUNTLTALAZAMUAUN B lUKD s UL AR USuN
A19LA0TRUTUNY T IRNDULHAT
dlefiansanauduiusseninannuduseddunsusatuanusunisluvesouwis Ine
svualvianunuivestudagiaviidu 10 mm wanedigud 4.13 wuiaisianediiug
wnltugatuderinisouuiilasldnmanduseddussawazanuduneluiiosouuvisd
qa%ﬂmﬁﬂ%mmqaqmmﬁu 2.077 mg/100 g dry matter wigldanudugs@dunsnsn 7496
W/m? Tuaniazenudunigluiesouniauseanas 18-20 kPa abs. uazavanationinudiy
Lﬁmj\‘i‘ﬁuu?ﬂﬂ’j’] 20 kPa abs. 8nsnavesnnusiunigluieseuwisraUIIuE1sIAIR T
denadefufisnenulag Zheng et al. (2015) uag Uribe et al. (2016) Tuilaamusunielu

Vosouwitanas (Maneayainiealuniseunny) dawalvuiiseinsiinduinaiosas e

£
a a =

Ufisemsiiadiinatdesavinlansiueyyadassiinfutasaciiy dmiusninaves

£ '
a0 = A

AN IEB UM I AT A lUTINUEN SR BTIuiAEWulie A daudenARBa

&
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U918 Rho et al. (2010) 1H8991NBUNTNIALANUANNITOEIUNITHEN WUSEIAINAUAYIN
Wilaanavuialvguandiinaisesngnsinedlungu Flavonoids, Carotene 130

Polyphenols

Quercetin
(mg/100 g dry.matter)

Pressure (kPa abs.)

JUN 4.13 BVENav0IA NS IUNT S ALazAINAU U DI UL USINANENSLAI0TTIU

4.3.3.2 SwﬁwamaammLil'u%’aﬁﬁumﬁLiml,azmwwuwm?}’ui'aq

AmuduiussE e A B usasaiurivMuestutaniasfuslianu sy
melureseuuianiniu 15-kPa abs. fauandluguit-a 1a wihUimamedfiuiugedude
audiufaddunsisaiutu lnsn1seuiisienndudddunsisnuagay ety
Fanurnfignfewintu 7496 W/m? uag 15 mm audifu USinaimediiuaziiagsiiaade
2.081 mg/100 g dry matter Lﬂuﬁmaﬂadwmmwuwaﬁui’ﬁ@ﬁumﬁuLﬁamwm%’u%’aﬁ
Sunsnsneglutag 4576 - 7266 w/m? fnavhliuTunaimediiuanas ufangui 4.14 gy
Fuldidlonnudussddunsusniiigataus 7266 W/m? maifiuanumunvestutanasiin

USuuAnalediiuiiugdudiaennaaiiunismaaesluiitde 4.2 Fan1seuurisegniels
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o

an1eANUNSIENgIRe 7496 W/m? Astiuidlaiiuanuvunvesiuiandsdwalviusinn

Y
10T UGy

FuTannianunuunadaradazgnyinatgluseninniseuwniatasndn vialvinis

9

Yanvassaulaidnsunszuiuniseandwduwas lalaslawduilsunazdaannisaanasive

ansngnuLAiinne (Wojdyto et al,, 2009; Chen et al., 2017) wanani luszninenszuIuns

a [y

DUWIN N1FdaBITAiNIINUHA38199nBLndureIansaangnsn1sTinInanisaiadule

2¢199a5¢lUUT NNV MAIVRITANFURANUUTTEINALINADY (Ren et al,, 2018) &3N3

v '
aa o o

(
AU iseeendnduiiasiialauntuludieganiizuuialiosaninunmidudauin

2081

Quercetin
(mg/100 g dry matter)
=) |

Q.5

IR (W/m?) g1 " “Thickness (mm)

JUN 4.14 BvEMav03ANUIHTEBUNT UIALAZ AN TaAREUTINMUAT AR T

4.3.3.3 Bvdwavasanudumelufesauuiuazaamunvasduian

anuduiussemivenuduneluiesauuiatuanumvestuianiassisusliaa
FuFaABussnsaminty 6036 W/m? fauansluzudl 4.15 nuhainaedfiuiuultugedy
deniseuuiilagldanuduniesluiesouuisiigatulasfivsuiagegauiiiu 1.969
mg/100 g dry matter lugnmganuauneluiasoulisuszana 18 -20 kPa abs. ALY

VYOITUTAR 5 MM kALILANAWTDANUNUIVDITU AR NN FIUY
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Quercetin
(mg/100 g dry matter)

Thickness (mm)

Pressure (kPa abs.) A

JUI-4.15 Bnanavespuauluiosounriaiar A1unIvestLiandeUSinaid1sine iy

4.3.4 NNSPIANEANIZTINNIZEN
WHaUNANNTSA (4.1) Anwraan e iinnzadlun15a Uk AUNTSs §991nn 2835 VC-VIR

swlianmsmunzauluniseuwisiiliusnanaedfiugiiian waniagui 4.16 WWudsd

ANLLRSEDUNTISA (X)) = 7096 W/m?
ANUAUNTIETURB IO UL (X,) =19.94 kPa abs.
ANNUIUDITUTAR) =15 mm

1

Tnefusunaneiednuiivinayls =2.123 mg/100.¢ dry matter
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Optimal ir A B c
: i 1.0 1.0 1.0
T [1.0] [0.4945] [1.0]
Predict Low 1.0 4.0 10

Gruerceti
Maximum
y=2.1231

d =0.99088

U aa

JUN 4.16 anigivianeay (Optimization plot) U0Aautdnssdaunsisn arununely

MO0 ULIY KagAUUITeTLTansia T E15 0T Ay

4.3.5 mimwaaummgﬂﬁawaaﬂ'%mmmmma@rﬁuswdwﬁhﬁ‘lﬁmnmsv‘hu’m
wazATlEINN15NAEDS

\evinistusuanmsfinzaulunnsounsisaeda VCVIR fiazilUsunanmediu
299 IaBannnnsveaeBuIIsTsinnITeasenelitedaiaesrtaunsalunsyinay
YoLA3 0V IRIER IRz aul U e UL AN TSE AR 835 VCVIR Aaauidussd
BuNTILSA, 7496 W/m? amusiunislude i 5 kPa abs. WagAEMLINeITLTAN 15 mm
NIN1INAABIBUWIIAINANIZHINGIITIUIY 3 %ﬂLﬁawmaauauuagwumLaﬁia (One-
Sample t-test) BARIFIATT197 (4.11) Ho = p = 2123 uag Hot p#2.123 Inoaglfenaa T
= 2.26 Wa¥ To, = 4:303 G‘z’iqLLamiﬁLﬁui’]sJam%’Uﬁmmagmwé’ﬂ"Lﬁ (Ho 7 = 2.123) Wufie
AaBeuesUSuranmedfiufe 2,123 me/100 ¢ dry matter fisziunaadeu 95% Tnely
nsvnaadliteuduan e AN UAisT fumu@ o iitdiwosAadousinanaied

AUYINAU 1.951.09 2.672

A1519% 4.12 NS HATIETIRANIARRALNITUAEDUATLAAE

Variable N Mean St Dev SE Mean P

experiment 3 2312 0.145 0.0837 0.153
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#3UNaN15IY

5.1 mananauliasdiu: misuwhswuuaufeuiiandnmsdesnnouuiuuuauiou
fwiuldidudmnansdreds
nseuwianvuaneulduitnisouwieilivhlulugeaimnssniiosuuianysdsann nns

noasudesiuisiiiunafiodmdeninesdisnaiiiiunssuiuniseuukuuvanseudmiuliduds

naapsnadiluidedl 1NPITNARBT MBI TmAE1IAuTINadednwAIENTeULRILAE

ARSI AR VLAY [HonmngTia gty DR way Dy stulaza lumssuuisanag

Inggaunnilieuniaadan Ae 100°C Vinlyie) DR gedniag Deffﬁﬂ"lmnﬁqm 79:0.0248 g water/g dry

matter-min wag 9.1281 x 107 m¥/s sratdadfy unzfigumafiouuiatéilfinalunseuuisiosiian

7o 85 min agslsfiony gumafiouisdmnifiuuldfgriviana o snssdeanauisit Tng

USinaensiivedanazimediuiigsfianlfnmseunisnysdunauuuaniauiigamalinsouurad

60°C

5.2 BNSWAVDINTHUALLIBUYBAUA FATILEUNINIA LAZANUNUIVBIVUTAAFRDANBENTT
QUUINLAZAMAWUBINYIHINIAN I8 ITNITEURAIHUUBUNT1LIA

TuN 30 UL WYTEIIMA28 IR UUNTAUASLTIOUTBUA AN1IZEQINIF LaZANAUIVDITU

]

o

anfinangsnndodnvauyATsaUNKe nasldwdsnulussninnnse Ul wagUTanauesasddni
ANDEUDUNYTAIH ALY nssudislaenasifinaiiansduadaiienvatiun aanizaeyeunianieluy
Hesauuis uaznIsanAINTte L TandeRusarnse v asyinliaalunseuuisduas
AduUsyAvBN U AN TS AvBaveInIse UL e S aanaduiudidsuanfudviwaves
nsduazfieuteun dnIEgaINTA wazAavLtastLTan Tuthdentsldndanutiy seuuid
nsldanmzaganalunmseuinsuuvdussnsatinnudesmslindanulusznitansouuisgaiian
dmdunisduaifieuvenuaiinaluideuindeunuarsiuedananuauazaisiatedfiures
LNT TSR Iuﬁumz‘ﬁ'mﬂ%ﬁmazqiyﬁmmﬁﬁlumﬁa‘uLLﬁqﬂé’uﬁﬂﬁﬂ%mmmiﬁﬂﬁ’zyﬁ?uamaq 1oy
JudruvesTanitaumuuinavannsnsnuwysinuresasddy
LAgaTUNITaULIAIETENTOURASUU VCVIR ARANUINADENWMENTOURAIUDINITOULIG
iwsdasnm og1slsAinuniseuuiisuuy VIR Wumedaniseuuisifuunliuiidlundvesnisadlide
Unaasiddaiomauaransinediu siudimsldimadaniseuuiauy VIR dufianusonisld

NAIUIUNTBULILRENINNNTOULIAILUU VC-VIR 9nUsen157ilanie
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5.3 @012 nUzauluN1Sa UL AL NYSHININAEITNITOURAILUUDUNSISATIUNU

nsdusziiouneldanizgeainie
nnsaneanzimnzallunseuwinesdenadeds VCVIR Tngldnnseenwuunsmnass
LuuiuRmeuausdlnsildineuaussfoUsumEsA08 7Y 11N1591IUNUNISNARBIRIE3T Box-
Behnken Design #sUsznaudieiadendn 3 Jade ldun anududaddususe (4576, 6036 waz
7096 W/m?) aadunsluosouua (5, 15 uag 25 kPa abs.) uarAnumuIvesduTan (5, 10 uas
15 mm) mﬂgﬂl,wuam’ﬁﬁiﬁwudﬁ AUIUSIEDUNT TN AUAUNETURDIDULIAT LAaE AU
vostutaninarennaiediveslibdidy daunianisonnesiidaaesiien R? = 0.95 n1sviune
USinauansimediivannanireinzanlunsesuniedaiinnnudasad@umssn 7496 W/m? A
suneluiiosouusis 19.94 kPa abs. wazaamUIEsUTag 15 mm TiUSuuasnediiuainnisg
vinunesdu 2,123 mg/100 ¢ dry matter- 91nA15ASIIEOUAINGNHBITBIUTUINENSARTAUIINNTT
FunefuUSuIuasIAeTivanMInesinenIMAa eI UWAIYS A8 1635 VCVIR Tianuid
$iABunsIn 7496 W/mParmdunsludesatuiis 20'kPa abs. LATANNUITEITUTAR 15 mm
FaleUSuauansiniedRuaInnIIMAaes 2.312 me/100 g dry matter 1INAISNAFOUNARALFRAT

USUNaa1stAegviuaInnisiamislagnIsinaosliuanatsiuegetitadfy19ans (P>0.05)
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ABSTRACT

The thin-layer drying characteristics of Cissus
quadrangularis Linn (CQ) undergoing hot air drying at the
temperatures of 40 60, 80 and 100°C were evaluated. The
results showed that increasing drying temperature
increased the drying rate and consequently decreased the
drying time. The drying times were 600, 260, 75 and 45
min and the maximum drying rate were. 0.009, 0.027,
0.030 and 0.064 g water/g dry matter-min when drying at
40 60, 80 and 100°C, respectively. The falling rate period
was observed for every drying condition. The linear-plus-
exponential-type model (MR=exp(-kt"+bi+c)) was the best
descriptive model for hot air drying of CQ in the
temperature range of 40-100°C. R% x* and RMSE values
were varied between 0.9975-0.9997, 0.00003-0.00028 and
0.00507-0.01427, respectively.

INTRODUCTION

CQ, also known as ‘“Phet-Cha-Sung-Khaat” in Thai, is
a climber of Vitaceae family. The studies on
phytochemical components of CQ indicated that ascorbic
acid, triterpene, P-sitosterol, ketosteroid, two asymmetrical
tetracyclic = triterpenoids. and calcium are ‘the major
constituents of this herbal plant [1,2].. The stout fleshy
quadrangular stem of CQ is used for treatments of various
conditions such as hemorrhoid and irregular menstruation.
It also accelerates bone fracture healing [3-4].

In general, CQ is not consumed as a raw or fresh form
as it comprises calcium oxalate which leads to' throat
irritation. As same as most herbal plants, it must be dried,
ground and capsulated in capsules for consumption:
However, one of the challenges for CQ drying is due to its
structure and moisture content; CQ 1is stout and has very
thick wall and very high moisture content. Hence, the
study on drying characteristics of CQ would be beneficial.

Drying of moist materials is a complicated process
involving simultaneous heat and mass transfer. Thin-layer
drying is the process of drying in one layer of sample
particles or slices. Currently, there are three types of
thin-layer drying models used to describe the drying
phenomenon, namely, theoretical model, which considers
only the internal resistance to moisture transfer between
product and heating air. Theoretical model needs
assumptions of geometry of a typical food, its mass
diffusivity and conductivity [5-6]; semi-theoretical and
empirical models which consider only the external
resistance, semi-theoretical model is a tradeoff between
the theoretical and empirical ones, derived from
simplification of Fick’s second law of diffusion or
modification of the simplified model and empirical model
neglects the fundamentals of drying process and presents a

direct relationship between average moisture and drying
time by means of regression analysis [7-8].

In this study; therefore, attention is focused on the
investigation of the thin-layer drying characteristics of CQ
in a hot air dryer and on modeling the drying process of
CQ based on semi-theoretical and empirical models over a
wide temperature range.

MATERIALS AND METHODS

Experimental material

Fresh. CQ was purchased from the herbal farm in
Prachin Buri Province, Thailand and stored at 4°C for one
day for equilibration of moisture prior to using. The
Sample was washed and cut at the thickness of 5 mm, of
which the top and bottom portions were excluded. The
initial moisture content was 8.8+0.1 g water/g dry matter

Experimental procedure

An electric ' thermal blast dryer (KNT.Experimental
Apparatus Co., Ltd., Thailand) was used for drying CQ.
The air velocity was kept at a constant value of 1.20 +
0.03 m/s at 3 cm just above the tray surface. The hot air
drying experiments were conducted at the temperatures of
40, 60, 80 and 100°C. During the process of drying, the
sample was collected for moisture content determination
at each predetermined interval. Drying was performed
until the moisture content of the dried QC reached about
0.10 g" water/g dry matter. The moisture content was
determined by drying in a hot air oven at 105°C for 24 h
[9]. The experiment was conducted in triplicate.

Drying modeling
The experimental drying data of CQ at the different

temperatures were fitted into 8 thin-layer drying models
listed in Table 1. In these models, moisture ratio (MR) and
drying rate (DR) were calculated using the following
equations:

-M

MR =—L_ "¢ (1)
Mi _Me
pR= Mea =M, HA&_ M, 2

where M, M, M. and M,,, are moisture content
(g water/g dry matter) at initial, specific time, equilibrium,
and +At¢, respectively; ¢ is drying time (min).

The goodness of fit of the tested mathematical models
to the experimental data was evaluated using three
statistical criteria, including coefficient of determination
(R?), reduced chi-square (x%) and root mean square error
(RMSE). The higher the R* values and the lower the x>
and RMSE values obtained, the better the model fit
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[7,10,11]. These statistical criteria were calculated as
follows:
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where MR.,,; and MRy.,; are the ith experimental and
predicted moisture ratios, respectively; N is the number of
observations; and 7, is the number of constants in
regression model.

RESULTS AND DISCUSSION

Drying characteristics of COQ

The drying results showed that increasing drying
temperature increased the drying rate and consequently
decreased the drying time. It took only 45 min to dry CQ
at 100°C while the drying times were 600, 260 and 75 min
when drying at 40, 60 and 80°C, respectively (Fig. 1).

As can be seen from Fig. 2, the constant rate drying
period was not observed in-hot air drying of CQ; the
drying process took place in the falling rate period except
a very short accelerating period at the beginning. The
moisture loss rate of CQ was faster at the beginning than
that at the end. This observation is in agreement with
previous results on thin-layer drying of biological products
[12-13]. Because, it is difficult for the biological products
to be saturated with water during convection drying, the
constant rate period was absent.

The maximum drying rate obtained from each drying
condition was determined. It was found that the maximum
drying rates were 0.009, 0.027, 0.030 and 0.064 g water/g
dry matter-min when drying CQ at 40, 60, 80 and 100°C,
respectively. Unexpectedly, the maximum drying rates of
CQ at the temperatures of 60 and 80°C were very close
and only half of the maximum drying rate obtained from
drying at 100°C. As compared to the lowest drying
temperature of 40°C, the maximum drying rate increased
by 200, 233 and 610% when drying at 60, 80, 100°C,
respectively. The apparent result is possibly due to
temperature range set in the experimental. As indicated
previously, low temperature range is set below 40°C,
medium temperature range is set in the range of 60-80°C
and high temperature range is set to 100°C. For this
reason, the resultant data is showed accordingly.
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Fig. 2 Drying rate curves of hot air drying of CQ at
different drying temperatures

Mathematical drying models

The  results of drying models constants and
coefficients and the statistical criteria used to evaluate
goodness of fit of the models, namely R*, 3> and RSME,
are listed in Table 2. In all cases, R* values were higher
than 0.92, %> and RMSE values were lower than 0.01114
and 0.10041, respectively. The R? values of the Page,
Henderson and Pabis, Two term, Midilli et al. and the
linear-plus-exponential-type models were higher than
0.99. The corresponding 7> and RMSE values were also
lower than 0.00102 and 0.02990, respectively. This
indicated that the five models were fitted very well to the
experimental data of CQ drying. However, the linear-plus-
exponential-type model was the best descriptive model for
hot air drying of CQ in the temperature range of
40-100°C; the models are as follows:

At 40 °C,

MR = exp(-0.0093797%)+1.6 x107°-0.0009
At 60 °C,

MR = exp(-0.0150¢"%%)+8.1 x107°#-0.0230
At 80 °C,

MR = exp(-0.0205¢"1%39+32.2 x1075¢-0.0019
At 100°C,

MR = exp(-0.0793:°17)+165.2 x107-0.0034



Table 1 Thin layer drying models applied for hot air drying of CQ

Model no. Model name Model References
1 Lewis MR = exp(-kt) [14]
2 Page MR = exp(-kt") [15]
3 Henderson and Pabis MR = a.exp(-kt) [16]
4 Two term MR = a.exp(-kyt)+b.exp(-k;t) [17]
5 Approximation of diffusion MR = a.exp(-kt)+(1-a)exp(-kbt) [18]
6 Midilli et al. MR = a.exp(-kt")+bt [19]
7 Wang and Singh MR = l+ar+bf [8]
8 The linear-plus-exponential-type model MR = exp(-kt") +bt+c [11]

Table 2 Constant and coefficients and statistical analysis for the thin-layer drying models of CQ hot air drying

No. T°Q) Constants R’ 1 RMSE
1 40 k=0.009541 0.9995  0.00004  0.00611
60 k=0.017950 0.9971 0.00025  0.01551

80 k=0.039980 0.9846  0.00131  0.03506

100 k=0.071140 0.9940  0.00060  0.02330

2 40 k=0.009832 n=0.993600 0.9996  0.00004  0.00604
60 k=0.017270 n-=1.009000 0.9971 0.00027  0.01546

80 k= 0.018060 n =1.234000 0.9991 0.00010  0.00943

100 k=0.061090 n=1.053000 0.9949 ~ 0.00060  0.02192

3 40 k=0.009528 a'=0.998900 0.9995  0.00004  0.00610
60 k=0.017780 a=0.990800 0.9971 0.00026  0.01525

80 k= 0.042040 a=1.054000 0.9900 0.00102  0.02990

100 k=0.071290 a=1.002000 0.9941 0.00068  0.02329

4 40 kyp=2.163000 = k; =0.009516 a =0.002180  »=0.997800 0.9995 -0.00005 ~ 0.00609
60 kp=0.017590 = k; =4.034000 a=0:.981000 ' b=0.019060 0.9972 — 0:00028 = 0.01496

80 ky=0.066410 &, =0.071670 a=9.220000 5 =-8.219000 0.9991 0.00012 © 0.00940

100 kp=0.085620  k; =0.089210 a=15.995000 . b=-4.998000 0.9950 ' 0.00076 = 0.02142

5 40 k=0.009750 a =0.364200 b =10.966500 0.9995 = 0.00004 ~ 0.00611
60 k=0.713500 a =0.031590 b=0.024320 0.9743  0.00241 = 0.04523

80 k=10.069350 a = -51.950000 b =0.987400 0.9991 0.00011 = 0.00934

100 k=10.087380 a = -0.988700 b = 0.898800 0.9946  0.00071  0.02231

6 40 k =0.009267 n=1.008000 a=0.999000  b5=0.000015 0.9989 0.00013  0.01013
60 k= 0.015200 n-=1.034000 a=0.980200  5=-0.000008 0.9974 0.00027 0.01465
80 k=0.020450 n=1.184000 a=0.998200 b =-0.000344 0.9996 0.00005 0.00606
100 k=0.079790 n=10.915300 a=0.997300 " b =-0.001709 0.9982 0.00028 0.01306

7 40 a=-0.005482 -~ b= 0.000006 0.9209 0.01114 0.10041
60 a=-0.011520 5 =0:000031 0.9570 0.00506 0.06746
80 a=-0.029150 b =10.000217 0.9975 0.00028 0.01569
100 a=-0.050540 5 =10.000652 0.9865 0.00180 0.03795
8 40 k=0.009286  n= 1.007000 b=0.000016 . ¢=-0.000910 0.9997 0.00003 0.00507
60 k=10.014990  »n=1.030000 b=0.000081 c=-0.023020 0.9975 0.00025 0.01427
80 k=10.020450  n=1.183000 b=-0.000322 ¢=-0.001854 0.9996 0.00005 0.00606
100 k=0.079340 7 =0.915700 =-0.001652  ¢=-0.003397 0.9982 0.00028 0.01304




The comparison of the experimental moisture ratio with
the moisture ratio predicted by the linear-plus-exponential-
type models is given in Fig. 3. The data points of the plot
between the experimental and predicted values banded
around the 45° straight line. This indicated that the linear-
plus-exponential-type models described the data of hot air
drying of CQ satisfactorily.
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Fig. 3 Comparisons of experimental and predicted
moisture ratio of CQ at different drying
temperatures by the - linear-plus-exponential-type
model.

CONCLUSION

CQ was dried from the moisture content of 8.840.1 g
water/g dry matter to 0.1 g water/g dry matter for 600,
260, 75 and 45 min at 40, 60, 80 and 100°C. The
maximum drying rates were 0.009, 0.027, 0.030 and 0.064
g water/g dry matter-min, respectively. For the drying
conditions of this study, the linear-plus-exponential-type
model (MR=exp(-ki"+bt+c) could describe the drying data
of CQ most satisfactorily.
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Infrared (IR), vibratory bed assisted infrared (VIR), vacuum infrared (VC-IR), and vibratory bed assisted vacuum
infrared (VC-VIR) drying of Cissus quadrangularis Linn. (CQ) were conducted. The objective was to investigate the
effects of vibration, vacuum, and material thickness on IR drying of CQ. VC-VIR drying of 5-mm CQ provided the
highest maximum drying rate (DR) of 0.258 g water/g dry matter-min. Although the vacuum operation
contributed to improved effective moisture diffusivity (Deg), it consumed high energy and degraded active
compounds of CQ. VIR drying could be a more promising technique. VIR drying of 15-mm CQ produced the
greatest total phenolic content (TPC) and quercetin content of 1083.62 mg GAE/100 g dry matter and 3.472 mg/

100 g dry matter, respectively. The lowest total color difference (AE) of 13.69 was also obtained. It required low
specific energy consumption (SEC) of 17.62 kWh/kg and provided maximum DR of 0.112 g water/g dry

matter-min.

1. Introduction

Cissus quadrangularis Linn. (CQ) is one of the most frequently used
medicinal plants in Thailand and many countries in Asia and Africa
(Thiangtham, 2003). The stout fleshy quadrangular stem of CQ has been
used for treating diverse physical conditions such as rheumatic disease,
allergies, skin diseases, piles, hemorrhoid and irregular menstruation
(Bhujade et al., 2012; Vijayalakshmi et al.; 2013). It also accelerates bone
fracture healing (Lekshmi et al., 2015). It is rich in phenolic compounds
and flavonoids such as kaempferol and quercetin (Kumar et al., 2015;
Lekshmi et al., 2015). CQ however cannot be consumed raw as it contains
calcium oxalate that causes throat irritation. Like most herbal plants, it
must be dried, ground and encapsulated in capsules for consumption.
Therefore, calcium oxalate would have no effect on throat irritation.

Drying is a critical process in CQ manufacturing because this process
may affect the pharmacological properties of dried CQ. The traditional
drying process for most herbal plants is sun dry. It is time-consuming and
weather-dependent. Hot air (HA) drying has been alternatively used in
commercial manufacturing; however, long drying period causes very
high degradation of the product (Kumar et al., 2006; Siriamornpun et al.,
2012). Alternatively, infrared (IR) has been reported to be successfully

* Corresponding author.
E-mail address: jiraporn.jo@kmitl.ac.th (J.S. Jongyingcharoen).
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applied in drying of foods and agricultural products. IR has been shown
to cleave covalent bonds and liberate antioxidant compounds such as
flavonoids, carotene, tannin, ascorbate, flavoprotein, and polyphenols in
repeating polymers (Rho et al., 2010).

Unfortunately, IR does not penetrate deeply into materials and it has
been considered for surface heating only. Mechanical system like vibra-
tion would be useful for allowing the material to be irradiated by IR
uniformly. It has been reported that there was no significant effect of
material bed depth on drying rate when drying paddy by vibration-aided
IR drying (Das et al., 2004). In addition, drying in vacuum has been
proved favorable for heat-sensitive material. Lower pressure leads to
lower boiling point of water; hence, drying could be achieved at lower
temperature. As a result, heat damage during drying is minimal.

Up to date, research on vibration-aided vacuum IR drying is very rare.
This technique is expected to be a promising technique for drying herbal
plants as IR radiation has been renowned for the enhancement of many
active compounds in biological materials (Rho et al., 2010; Azad et al.,
2018). IR also has many further intrinsic advantages such as simplicity of
equipment set up, fast transient response, and energy saving (Rastogi,
2012). In this study, vibration and vacuum systems were added to IR
drying to improve its limited surface heating.
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Therefore, the aim of this study was to conduct vibratory bed assisted
vacuum infrared (VC-VIR) drying of CQ. The effects of vibration, vac-
uum, and material thickness on drying characteristics, energy con-
sumption during drying, and physicochemical properties of dried CQ
were investigated. The promising technique for improving drying char-
acteristic and quality of dried CQ would be reported. It should be good
for energy saving and for application in industrial processes as well.

2. Materials and methods
2.1. Sample

Fresh CQ (Fig. 1) was purchased from an herbal supplier in Prachin
Buri province, Thailand. The whole plant was cleaned with tap water, air
dried, packed in a polyethylene zip lock bag, and stored at 4 °C. It was
allowed to equilibrate to room temperature prior to experiments. Top
and bottom portions of the CQ aerial part were excluded in this study.
The initial moisture content of the samples was 10.10 + 0.15 g water/g
dry matter.

2.2. Schematic of a vibratory bed assisted vacuum infrared dryer

Schematic of the VC-VIR dryer is shown in Fig: 2. It consisted of four
main components: an IR heating unit, a vibratory bed, a vacuum system,
and a control system. A drying chamber was cylindrical with a diameter
and length of 30 and 60 cm, respectively. Two 800-W.IR (far infrared
rays) heaters (CF Series, Sang Chai Meter Co., Ltd., Bangkok, Thailand)
were fixed on the inside at the top of the chamber. The distance between
the heater and the drying tray was fixed at 20 cm. The drying tray was
made of perforated stainless steel with dimensions of 40 cmX20 emX5
cm. It was mounted on the vibratory bed. A variable speed motor was
attached to an eccentric joint to transmit vertical vibration to the drying
tray. A vacuum pump (ENWA 1EN-030-01, Norta MIT GmbH, Hamburg,
Germany) was used to maintain the vacuum condition of the system. A
centrifugal fan was driven by a 0.5 kW motor to provide air ventilation in
case no vacuum was required.

2.3. Experimental procedure

CQ stem pieces were dried by four drying techniques—infrared (IR),
vibratory bed assisted infrared (VIR), vacuum-infrared (VC-IR), and
vibratory bed assisted vacuum infrared (VC-VIR) drying—in order to
investigate the effects of vibration and vacuum on IR drying of CQ. The
thickness of CQ stem pieces was also varied from 5, 10, to 15 mm. IR
intensity of 7496 W/m? was selected based on previous work on the
effect of IR intensity on the quality of CQ and used for all drying tech-
niques. There are many works on IR drying using the same IR intensity
(Eskandari et al., 2018; Wu et al., 2019; Lara et'al., 2019). The driving
motor of 800 rpm provided vibration for the drying tray for VIR and
VC-VIR drying. When vacuum is not needed (IR and VIR drying), air
velocity of 1 m/s, measured by a vane anemometer with a precision of
+0.1 m/s (Wilh. Lambrecht GmbH, Gottingen, Germany), was applied
for ventilation. An absolute air pressure of 5 kPa was maintained for
VC-IR and VC-VIR drying condition. At the beginning of the experiment,
two hundred and sixty grams of CQ was placed on the drying tray. The
mass of this CQ was measured repeatedly at some intervals in order to
determine its moisture content (see Section 2.4). Moisture ratio (MR),
drying rate (DR), and effective moisture diffusivity (D) were calculated

\\,'1?‘.'
St
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Fig. 1. Fresh CQ stems.
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as respectively shown in Section 2.4 and 2.5 to present moisture trans-
port properties of CQ during drying. Drying time to achieve the CQ final
moisture content of 0.10 g water/g dry matter was determined. Energy
consumption during the drying process was measured (Section 2.6).
Physicochemical properties of the dried CQ as listed in Section 2.7 were
also evaluated. In this regard, hot air (HA) drying of CQ with piece
thickness of 5 mm was conducted at 60 °C to produce a reference
treatment. Fresh CQ was also used as a control to compare the physico-
chemical properties.

2.4. Determination of drying characteristics

Moisture content of CQ was determined by drying 5 g of CQ in a HA
oven (ULM 500, Memmert GmbH-+Co.KG, Schwabach, Germany) at 105
°C for 24 h (AOAC, 2005). Moisture content in dry basis was calculated as
follows:

omy —my

M (€D)

my
where M, m,,, and my are moisture content (g water/g dry matter), wet
mass of the material (g), and dry mass of the material (g), respectively.
The moisture content of the CQ was used to calculate MR and DR as
follows (Xie et al.;2017):

MI_ML‘

MR = 2
M, ()]
M, — My 5

DR=——— 3

/ 3

where M;, M;, M,, and M, o, are moisture content (g water/g dry matter)
at the injtial time, at a specific time, at equilibrium, and at t+At,
respectively; 't is drying time (min). M, was assumed to be zero for
radiative drying (Sripinyowanich and Noomhorm, 2011).

2.5.  Calculation of effective moisture diffusivity

Mechanism of moisture movement within a biological material dur-
ing the falling rate period is dominated by a diffusion phenomenon as
explained by Fick's second law of diffusion. The moisture diffusion
derived from the Fick's law can be expressed as follows:

oM 9 oM
¥ /a. (Deﬂ a) )

This equation was solved by Crank (1975) for various regular ge-
ometries with the application of several boundary conditions. Based on
the assumption that mass transfer is symmetric and uniform and by
diffusion only, diffusion coefficient and temperature are constant,
shrinkage and external resistance is negligible, and CQ stem pieces are
infinite slabs, the Dy within the materials can be estimated by the
following equation (Deng et al., 2018):

8 & 1 (2n + 1)’ 7’ Dyt
MR = — —ep| —————— 5
fﬂ;(znﬂ)z p( 412 ®

where D is the effective moisture diffusivity (m2/s) and L is the half-
thickness of slab (m).

For long periods of CQ drying, only the first term (n = 0) of the Eq. (5)
was used (Sadin et al., 2014; Agnihotri et al., 2017). Hence, it becomes:

2 .
MR = iexp( _T Dy t) 6)

n* 412

The above equation can be simplified to a straight-line equation by
taking the natural logarithm of both sides as follows:
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By plotting In MR versus drying time (t) in second, the slope of the Eq.
(7) can be used to determine Dejr using the following equation:

Slope4l?
e aacd ®

Dy= —
eff P

2.6. Analysis of specific energy consumption

Total energy required for CQ drying was measured by a multifunction
energy meter (KM-06-N, Primus Company Limited, Bangkok, Thailand).
The energy used in heating the system up was excluded. Specific energy
consumption (SEC) reported in this research was defined as the energy
required to remove 1 kg of water from the material and hence expressed
as kWh/kg as follows:

SEC = E/W, 9

where E; is the required total energy (kWh) and Wy is the weight of water
removed (kg).

2.7. Determination of physicochemical properties

2.7.1. Total phenolic content

Total phenolic content (TPC) of the dried CQ was determined by
Folin-Ciocalteu method (Chen et al.; 2017). Dried CQ was ground and
passed through a 180 mesh screen. A sample of 0.2 g was put in a 10-ml
round flask and mixed with 5 ml of 70% methanol. The mixture was
under a reflux condenser and extracted at 70 °C for 2 h. The resulting
extract was vigorously agitated with a vortex mixer (G-560E, Scientific
Industries, Inc., Bohemia, NY, USA) for 5 min and centrifuged at 3500
rpm for 10 min. The supernatant was stored at 4 °C in darkness for
subsequent TPC analysis. The TPC analysis was conducted with a UV-vis
spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan) with an absor-
bance of 765 nm. Pure ethanol was used as a calibrating agent. TPC was
reported as gallic acid equivalents (mg GAE/100 g dry matter).

2.7.2. Quercetin content

Quercetin content in the dried CQ was determined by using a quan-
titative HPLC method modified from a method reported by Thiangtham
(2003). The HPLC system (SPD-10A, Shimadzu Co., Kyoto, Japan) with
C-18 reverse phase was connected to a 260-nm UV diode-array detector.
A hydrosphere column (particle size = 5 pm and L x I.D. = 250 x 4.6
mm?) was used in conjunction with a mobile phase of 65:35 v/v of 0.05%
ortho-phosphoric acid: acetonitrile at a flow rate of 1 mL/min.
Trans-resveratrol was used as a standard agent. The retention time of

2.7.3._Total color difference

Dried CQ was ground and sieved through a 180 mesh screen for color
determination. Color of the dried CQ was measured in CIE L* (lightness
(100) to darkness(0)), a* (redness (+60) to greenness (-60)), and b*
(yellowness (+60) to blueness (-60)) system using a spectrocolorimeter
(ColorFlex, Hunter Associates Laboratory, Inc., VA, USA). These values
were converted into AE according to Eq. (10). In this study, AE was
calculated in relation to the fresh CQ.

AE = /AL + Aa™? + Ab™ (10)

2.8. Statistical analysis

All experiments were done in triplicates, unless otherwise specified.
Data were presented as mean + standard deviation. Factorial experi-
ments in completely randomized design were conducted to determine the
effect of different drying methods and thicknesss of CQ pieces on the
physicochemical properties of CQ. Two-way analysis of variance with
Duncan's multiple range test was performed to determine significant
differences between treatments among all treatments at 95% confident
level.

3. Results and discussion
3.1. Drying characteristics

Drying time and maximum DR of IR, VIR, VC-IR, and VC-VIR drying of
CQ with different piece thickness are presented in Table 1. The shortest

Table 1
Drying time and maximum DR of CQ drying.

Drying Thickness Drying time Maximum DR (g water/g dry
method (mm) (min) matter-min)
R 5 110 0.147 + 0.001
10 140 0.121 £+ 0.005
15 180 0.107 + 0.002
VIR 5 95 0.160 =+ 0.003
10 120 0.130 =+ 0.002
15 160 0.112 + 0.001
VC-IR 5 75 0.238 + 0.001
10 90 0.200 =+ 0.001
15 100 0.193 + 0.001
VC-VIR 5 70 0.258 + 0.001
10 85 0.202 + 0.001
15 90 0.197 + 0.010
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drying time of 70 min and the highest maximum DR of 0.258 g water/g
dry matter-min were achieved by VC-VIR drying with the shortest
thickness (5 mm) of CQ. As expected, IR drying of CQ with the thickest
pieces of 15 mm, resulted in the longest drying time of 180 min and the
lowest maximum DR of 0.107 g water/g dry matter-min. This result
supported the idea that vibration, vacuum, and material size had an ef-
fect on drying characteristics of CQ. Positive effects of vibration and
vacuum on IR drying characteristics were also reported by Jongying-
charoen et al. (2015). Das et al. (2009) also found that DR of IR drying
could be improved by combining vibration in the system and decreasing
material thickness.

MR and DR curves for IR, VIR, VC-IR, and VC-VIR drying of CQ with
piece thickness of 15 mm are respectively shown in Figs. 3 and 4 which
demonstrate the effects of vibration and vacuum on the drying charac-
teristics of CQ. To illustrate the effect of material thickness on the drying
characteristics of CQ, representative MR curves and DR curves for VIR
drying of CQ with piece thickness of 5, 10, and 15 mm are presented in
Figs. 5 and 6, respectively. From the DR curves, two DR periods were
observed including a heating-up period from beginning to the peak DR,
followed by a falling rate period which the DR decreased. Similar trend
was also observed for the rest of the treatments. No constant rate period
was also reported by Das et al. (2009) during VIR drying of paddy.

It can be clearly seen that vacuum exerted more effect on drying time
and DR than vibration did. The maximum DRs were about 80% and 76%
higher on average when using vacuum in IR drying and VIR drying,
respectively. On the other hand, when the material was vibrated, the
maximum DRs of VIR drying and VC-VIR drying were only about 5% and
2% higher than those of IR and VC-IR drying alone. As seen in Fig. 3, IR or
VIR drying with vacuum operation led to considerably lower MR than
those without vacuum operation for the same drying time. It is because
evaporation of water under vacuum operation occurs at lower tempera-
ture; therefore, the onset of moisture transfer was at early stage. In
combining with IR drying of which the penetration of IR into the mate-
rials causes a rapid increase in water vapor pressure, additional vacuum
operation leads to extreme pressure gradient of water vapor and then
substantially increased rate of moisture diffusion (Salehi and Kashani-
nejad, 2018).

As expected, higher rate of moisture removal was observed for
smaller pieces of CQ (Fig. 4). This result is similar to that of a study on
VIR drying of paddy (Das et al., 2009) and a study on VC-IR drying of
banana slice (Swasdisevi et al., 2009). The increased DR with decreased
material thickness could be due to higher radiant energy input per unit
mass of material and decreased distance over which the moisture had to
travel inside the material before being removed from the material
surface.
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of 15 mm.
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Fig. 6. DR curves of VIR drying of CQ of different material thicknesses.

3.2. Effective moisture diffusivity

D characterizes intrinsic moisture transport property of a material
subjected to drying. Fig. 7 shows the Dy of CQ drying as affected by
vibration, vacuum, and material thickness. The values of Dy mostly
conformed to the typical range of 107! to 10~° m?/s for drying of food
and agricultural materials (Sripinyowanich and Noomhorm, 2011). For
any particular drying method, the D.g values were observed to substan-
tial increase with an increase in material thickness. CQ with the thickness
of 15 mm had almost double the D of the 10 mm pieces and nearly
quadruple the D of the 5 mm pieces. Thickness dependence of D,g were
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reported for various agricultural materials in literatures (Sadin et al.,
2014; Das and Arora, 2018; Cuevas et al., 2019). Based on the assump-
tion of the Fick's diffusion model, diffusion takes place from inside to the
surface of slabs only in one direction. This assumption is valid for thin
slabs with negligible lateral diffusion. However, in thick slabs, lateral
diffusion might occur and result in elevated value of D

In this study, the Dy was also vacuum dependent. The Deg values
tended to be higher when drying CQ in vacuo. It can be clearly seen that
the D values for VC-IR and VC-VIR drying of CQ were about 50% higher
than those for IR and VIR drying, respectively. This could be due to
quicker evaporation of moisture from the material surface under vacuum
condition. In addition, high water vapor pressure gradient during vac-
uum operation could enhance the removal of moisture from the material.

Although vibration led to an increase in the values of Degof CQ drying
for any particular material thickness, the differences between the treat-
ments with and without vibration were relatively small from 0.05 x 107°
to 1.47 x10~° m%/s.

3.3. Specific energy consumption

Fig. 8 presents the energy required by IR, VIR, VC-IR, and VC-VIR
drying to remove 1 kg water of CQ. Two groups of low SEC and high
SEC were observed. The vacuum system consumed considerably high
energy, hence SECs of VC-IR and VC-VIR drying of CQ were classified into
the high SEC group. The results are similar to those reported by Motevali
et al. (2011) for pomegranate aril drying; SEC of vacuum drying was four
times higher than that of IR drying. It is interesting that vibration had no
significant effect on SEC. Regarding the effect of material size, a reduc-
tion in SEC was obtained with smaller size. From the graph, inverse
relationship between SEC and drying time was also observed. Although
the vacuum system consumed high energy, it has the advantage of rapid

drying.
3.4. Physicochemical properties of dried Cissus quadrangularis Linn.

3.4.1. Total phenolic and quercetin contents

Two important chemical constituents presented in CQ stem are phe-
nolics and flavonoids. Its phenolic compounds were reported to possess
potent antioxidant activity (Lekshmi et al., 2015). Regarding flavonoids,
there has been a report that quercetin is the active component found in
CQ stem (Kumar et al., 2015). Quercetin exhibits DPPH radical scav-
enging activity and high antioxidant capacity (Thiangtham, 2003).

Amounts of TPC and quercetin content of dried CQ are shown in
Tables 2 and 3. From a statistical analysis, there was an interaction effect
between drying method and material thickness on TPC and quercetin
content (p < 0.05). Vibration tended to improve TPC and quercetin
content while vacuum tended to degrade them. It is also significant that
an increase in the thickness resulted in an increase in TPC and quercetin
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Table 2
TPC (mg GAE/100 g dry matter) of dried CQ as affected by vibration, vacuum,
and material thickness.

Drying method Material thickness (mm)

5 10 15
R 870.82 + 14.14"> . 873.72 + 8.67™" 868.93 + 8.42"d
VIR 912:44 + 9.83%° 964.94 + 11.37>  1083.62 + 6.84>°
VC-IR 832.72 + 7.31°¢ 835.50 £11.02>¢  962.20 + 8.55%¢
VG-VIR 839.91 + 11.43%¢ 873.06 + 10.86”°  1046.92 + 9.04*P
HA 1060.25 + 6.73
Fresh 1012.38 + 6.73

Note: The HA dried and fresh samples were not included in the two-way analysis
of variance.

Same first superscript indicates no significant difference within the same row (p
< 0.05).

Same second superscript indicates no significant difference within the same
column (p < 0.05).

Table 3
Quercetin contents (mg/100 g dry matter) of dried CQ as affected by vibration,
vacuum, and material thickness.

Drying method Thickness (mm)

5 10 15
IR 1.477 + 0.044"P 1.596 + 0.115™" 1.651 + 0.088™¢
VIR 1.647 + 0.036%° 2.627 + 0.108>° 3.472 + 0.353*
VC-IR 0.921 +0.021"¢ 0.903 + 0.023™¢ 1.273 + 0.121%¢
VC-VIR 0.897 + 0.029°¢ 1.166 + 0.015"¢ 2.312 + 0.145%°
HA 0.997 = 0.009

Fresh 0.888 + 0.004

Note: The HA dried and fresh samples were not included in the two-way analysis
of variance.

Same first superscript indicates no significant difference within the same row (p
< 0.05).

Same second superscript indicates no significant difference within the same
column (p < 0.05).

content, except CQ dried by IR drying technique (p < 0.05). An increase
in TPC and quercetin content of CQ undergoing vibration could be due to
the main effect of thorough exposure to IR of the material. IR has a
capability to cleave covalent bonds and liberate low molecular weight
antioxidants such as flavonoids, carotene or polyphenols from repeating
polymers (Rho et al., 2010). Lower phenolic and flavonoid contents of
dried material undergoing vacuum operation were also reported by
Zheng et al. (2015) for drying of loquat flower and Uribe et al. (2016) for
drying of peppermint. This could be due to the weakened browning re-
action of material under vacuum; however, there has also been a report
that products of browning reaction formed during the process of drying
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exhibit antioxidant activity (Chan et al., 2009; Samoticha et al., 2016).
Regarding the effect of material thickness, thicker CQ piece is less prone
for its cell walls to be disrupted during the drying process. Less disruption
of cell walls leads to less release of oxidative and hydrolytic enzymes and
less phytochemical degradation (Wojdyto et al., 2016; Chen et al., 2017).
In addition, oxidative degradation of bioactive compounds could freely
occur at the liquid-atmosphere interface during drying (Ren et al., 2018).
This effect would be higher in the samples with thinner piece, i.e. higher
exposure area.

Comparing to fresh CQ, all dried CQ had higher quercetin which is the
most important active compound in CQ. The highest TPC and quercetin
content were produced by VIR drying of CQ with the thickness of 15 mm.
The highest contents were 1083.625 mg GAE/100 g dry matter and 3.472
mg/100 g dry matter, respectively. Considerably, the quercetin content
of the VIR-dried CQ was about 3.5 times of the value obtained by HA
drying of CQ. It was surprising that the quercetin content of the VIR-dried
was almost quadruple (290.99% retention) than that of the fresh CQ.
According to Ren et al. (2018), retention percentages of quercetin con-
tent in hot air dried and freeze dried onion were in the range of
70.5-115.3% and 76.0-154.9%, respectively. It is clear that the drying
technique in this research enhanced retention of quercetin.

3.4.2. Total color difference

The magnitude of overall color change of dried CQ from fresh CQ was
expressed by AE value. The dried CQ samples were found to have AE in
the range of 13.69 and 16.40 as shown in Table 4. An interaction effect
between drying method and material thickness was observed on the AE
value of dried CQ (p < 0.05). There was also a significant difference in the
AE value in response to the material thickness at a specific drying
method, and vice versa (p < 0.05). However, there was no clear trend ina
change in the AE value with the material thickness or drying method.
This result was not coincident with the conclusion of Das and Arora
(2018) that AE value increased with an increase in thickness of mush-
room slice. It should be noted that convective air drying resulted in
darker dried CQ. All of the IR dried samples had lower AE values as
compared to the reference HA dried sample.

4. Conclusions

In IR drying of CQ, vibration, vacuum, and material thickness had
considerably effect on drying characteristics, energy consumption during
drying, and the amount of active compounds of dried product. Drying
operation with vibration, vacuum, and reduced material thickness
improved the drying rate and shortened the drying time. The Deg of CQ
was also positively related to these three drying factors of study. Vacuum
system consumed the most energy during the process of drying. Vibration
had a positive effect on TPC and quercetin content of dried CQ while
vacuum degraded these contents. Thicker piece of CQ allowed these
compounds to be better preserved. In conclusion, VC-VIR drying showed
the best improvement of drying characteristics of CQ. However, VIR

Table 4
AE of dried CQ as affected by vibration, vacuum, and material thickness.

Drying method Material thickness (mm)

5 10 15
IR 14.83 + 0.02>4 14.41 + 0.03%P 15.23 + 0.03%¢
VIR 14.98 + 0.02>¢ 14.05 + 0.01>4 13.69 + 0.03%¢
VCIR 16.40 + 0.01%2 14.55 + 0.03%° 15.40 + 0.03™"
VC-VIR 15.55 + 0.02>° 14.23 + 0.025¢ 15.81 + 0.02%%
HA 17.71 £ 0.11

Note: The HA dried sample was not included in the two-way analysis of variance.
Same first superscript indicates no significant difference within the same row (p
< 0.05).

Same second superscript indicates no significant difference within the same
column (p < 0.05).
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drying could be a promising drying technique in terms of best preser-
vation of TPC and quercetin contents. A lower SEC was also observed
during the operation without vacuum.
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Abstract. This study aimed to investigate the effect of drying temperature (40, 60, 80, and 100°C)
on drying characteristics of Cissusquadrangularis’ Linn.  (CQ) undergoing convective drying.
Physical properties and phytochemicals of the dried CQ were also evaluated. CQ with the thickness
of 5 mm was dried from about 10 to 0.1 g water/g dry matter. The results showed that increasing
drying temperature increased- drying rate (DR) and effective moisture diffusivity (Dgy) and

consequently decreased drying time. The drying time, maximum DR, and D¢ were in the ranges of
85-1920 min, 0.0059-0.0248 ¢ water/g dry matter-min, and 0.7302-9.1281x10” m%/s, respectively.
Lower drying temperature could preserve quality of the dried CQ. Decreasing drying temperature
resulted in greener and lower bulk density and shrinkage. The greatest total phenolic content (TPC)
and quercetin content were obtained by drying the CQ at 60°C.

1 Introduction

CQ, a conventional medicinal plant, is used for treatment
of various conditions such as hemorrhoid and irregular
menstruation [1]... Normally, fresh CQ | cannot be
consumed as it contains calcium oxalate which leads to
throat irritation. As same as most herbal plants, it must
be dried, ground and capsulated for consumption [2].
Convective drying has been the most common way to
produce the dried CQ.

Drying temperature is a crucial parameter required
for dryer operation. This parameter can affect the
moisture  transport. phenomena = and stability . of
phytochemicals in material. Evaluation of the moisture
diffusion mechanism and quality degradation as affected
by different drying temperatures can_help making
decision in drying process design of convective drying of
CQ and hence optimizing quality of the dried CQ.

However, little information is available in the
literature on drying characteristics and product quality of
CQ undergoing convective drying. Therefore, the aim of
this study was to investigate the effect of drying
temperatures on drying characteristics and moisture
transport property of CQ during drying in a convective
dryer. Quality of the dried CQ (greenness, shrinkage,
bulk density, total phenolic content (TPC), and quercetin
content) affected by drying temperature was evaluated.

* Corresponding author: jiraporn.jo@kmitl.ac.th

2 Materials and methods
2.1 Sample and sample preparation

Fresh CQ was purchased from a herbal farm in Prachin
Buri Province, Thailand. It was washed and cut at the
thickness of 5 mm, of which the top and bottom portions
were —excluded.  The initial moisture content was
10.10£0.15 g water/g dry matter.

2.2 Architecture of experimental apparatus

The convective drying system was designed and
fabricated at the Agricultural Engineering Workshop,
King Mongkut’s Institute of Technology Ladkrabang,
Thailand. - A _schematic -~ diagram of the overall
experimental setup is illustrated in Fig. 1. The dryer
consisted of three main components, including heaters, a
drying chamber, and a control system. A double-walled
stainless steel drying chamber was cylindrical with a
diameter and length of 30 and 60 cm. The perforated
stainless steel drying tray (0.20x0.40x0.05 m’) was fitted
in the chamber. Fin heaters of 4 kW and a blower of 0.5
HP were used for producing hot air. The hot air
temperature was measured by thermocouples (type K,
Lega model AK-01, Lega Coperation Co., Ltd,,
Bangkok, Thailand) and controlled by PID
(Proportional-Integral-Derivative Controller) with an
accuracy of +1°C.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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Fig. 1 Schematic view of the convective dryer.
2.3 Experimental Procedure

The experiments of convective drying of CQ were
performed at the temperatures of 40, 60, 80, and 100°C.
A fixed air velocity of 1 m/s was used. CQ (260 g) was
placed on the drying tray in single layer. During the
process of drying, the sample was weighed at each
predetermined interval for determination of drying
characteristics and D as shown in 2.4 and 2.5. Drying
was performed until the moisture content of QC reached
0.10 g water/g dry matter. Quality of the dried CQ was
evaluated as listed in 2.6.

2.4 Drying characteristic determination

Moisture content was determined in-a hot air oven at
105°C for 24 h [3]. The equation for calculation of the
moisture content in dry basis is as follows:

_ Ww—Wgq
==

M 1)
where M, W,,, and W, are moisture content (g water/g
dry matter), wet weight of the material (g), and dry
weight of the material (g), respectively.

Moisture ratio (MR) and DR were calculated as
below:

Mp—Mg
= 2
DR = Wﬁ (©))

where M;, M,, M., and M4 are moisture content (g
water/g dry matter) at initial, specific time, equilibrium,
and #+dt, respectively; and ¢ is drying time (min).

2.5 Calculation of effective moisture diffusivity

To evaluate the moisture transport property, that is,
diffusion mechanism of CQ during. drying in a
convective dryer, values of Deg at different drying
temperatures were determined. The diffusion mechanism
can be explained by the Fick’s second law. The solution
of this equation developed by Crank [4], and the form of
Eq. (4) is applicable for material with slab geometry by
assuming uniform initial moisture distribution:

(201D
eff 4)

MR = L
-2
T n

xp| —
0(2n+1)* ) ar’

I ™M8

where D.is the effective diffusivity (mz/s), L is the half-
thickness of slab (m), and 7 is the number of terms taken
into consideration.

measured by a spectrocolorimeter (ColorFlex, Hunter
Associates Laboratory, Inc., Virginia, USA). As CQ is a
plant, its main color was expressed by CIE a*
(redness/greenness) coordinate.

2.6.2 Shrinkage

Calculation of shrinkage was based on the concept of
fluid replacement. In this work, » heptane was used as a
fluid. Shrinkage was expressed in terms of the
percentage of change in the volume of the dried CQ over
the fresh CQ.

% Shrinkage = T x100 %)

i

where V; and V are respectively the volumes of material
at the beginning and dried product.

2.6.3 Bulk Density

A 25-mL- cylinder was filled with the dried CQ and
tapped 5 times. Weight of the CQ inside the cylinder was
measured. Bulk density was computed by dividing the
weight of CQ by its volume.

2.6.4 Total phenolic content

TPC of the dried CQ was determined by Folin-Ciocalteu
method [5]. Dried CQ was ground and sieved through a
180 mesh screen. Five millimeters of 70% methanol was
used to extract a sample of 0.2 g. The mixture was
extracted under reflux condenser at 70°C for 2 h. The
extract was vigorously agitated using a vortex mixer for
5 min and centrifuged at 3500 rpm for 10 min. UV-vis
spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan)
was used for TPC analysis with an absorbance of 765
nm. A calibrating agent was pure ethanol. The content
was expressed as gallic acid equivalents.

2.5.5 Quercetin content

The ‘quantitative HPLC  method for determining
quercetin-in the dried CQ was modified from
Thiangtham. [6].. The HPLC system (SPD-10A,
Shimadzu Co., Kyoto, Japan) with C-18 reverse phase
was used in this analysis. A mobile phase was 65:35 v/v
0f 0.05% ortho-phosphoric acid: acetonitrile. A standard
agent was trans-resveratrol. The retention time of
quercetin was 8.78.

2.6 Statistical analysis

The experimental data were analyzed using one-way
ANOVA with the experimental design of a completely
randomized design. Mean and standard deviation were
used to present the experimental data. Duncan’s multiple
range test was used to determine the significance of
differences between treatments at 95% confidence level.
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3 Results and discussion
3.1 Drying characteristics

Drying curves of convective drying of CQ are shown in
Fig. 2. It can be observed that the MR decreased with
drying time following an exponential decay. The drying
results showed that increasing drying temperature led to
increase in DR and consequently decrease in drying
time. It took only 85 min to dry CQ at 100°C while the
drying times were 1920, 230 and 130 min when drying
at 40, 60 and 80°C, respectively.

As can be seen from Fig. 3, the constant rate drying
period was not observed in convective drying of CQ; the
drying process took place in the falling rate period
except a very short accelerating period at the beginning.
The moisture loss rate of CQ was faster at the beginning
than at the end. This observation is in agreement with
previous results on thin-layer drying of biological
products [7]. The maximum DR obtained from each
drying condition was determined. It was found that the
maximum drying rates were 0.0059,.0.0107, 0.0173, and
0.0248 g water/g dry matter-min when drying CQ at 40,
60, 80 and 100°C, respectively. ‘As compared to the
lowest drying temperature of 40°C, the maximum drying
rate increased by 81, 193 and 320% when drying at 60,
80, 100°C, respectively.
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Fig. 2 Drying curves of convective drying of CQ at different
drying temperatures.
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Fig. 3. DR curves of convective drying of CQ at different
drying temperatures.

3.2 Effective moisture diffusivity

Values of D.r of CQ dried at different drying
temperatures were determined by plotting experimental
data in terms of In MR versus drying time. It is clear that
increasing drying temperature resulted in higher Deg
(Table 2). These values met the standard range of D of
food and agricultural products subjected to drying (from
10" to 10 m%s) [8].

Table 1. Doy x10° (m%s) of convective drying of CQ at
different drying temperatures.

Temperature (°C) Dy x10° (m%/s) R
40 0.7302 0.9780
60 3.6918 0.9630
30 6.0043 0.9582
100 9.1281 0.9591

3.3 Quality of the dried CQ

Table” 2+ shows the results of physical property
determination of the CQ subjected to convective drying
at different drying temperatures. Significant differences
of the dried CQ were observed for their greenness (a*),
bulk density, -and shrinkage (P < 0.05). When drying
temperature - increased, greenness value decreased. This
could be due to a non-enzymatic browning reaction
occurring at high drying temperature [9]. On the other
hand, increasing drying temperature resulted in increased
bulk density and shrinkage of the dried CQ. High drying
temperature - can - cause high stress development in
material during drying and result in-shrinkage of the
material - [10]. From these properties, it could be
concluded- that better physical properties was provided
by lower drying temperature.

Significant differences in TPC and quercetin
content of the dried CQ were also observed (p < 0.05) as
shown in Fig. 4. Tt is interesting that the peak of TPC and
quercetin content were given by convective drying of
CQ at the drying temperature of 60°C. Chan et al. [11]
reported that browning reaction products formed during
drying have higher antioxidant activity. This should be
the reason of the lowest values of TPC and quercetin
content in the CQ dried at 40°C. However, cell walls of
CQ may be disrupted at high drying temperature. As a
result, its oxidative and hydrolytic enzymes are released
and its phytochemicals are degraded [5].

Table 2. Physical properties of the dried CQ.

Temp.  Greenness Bulk density Shrinkage
{9) (@*) (g/em’) (%)
40 -2.26+0.13¢  0.182+0.002° 88.47+0.51°
60 -1.1240.01° 0.184+0.010°  89.62+2.94°
80 4.4940.08°  0.211%0.001° 89.63+0.55"
100 4.75+0.08°  0.23320.002° 92.47+0.32°

The same letter in the same column is not significantly
different at p<0.05.
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Fig. 4. Quercetin contents (bars) and TPC (plots) of the dried
CQ.

4 Conclusions

The effect of drying temperatures on convective drying
of CQ was analysed in the present work.. Increased
drying temperature resulted in increases in DR and Dy
and decrease in drying time. The highest values of
maximum DR of 0.0248 g water/g dry matter-min and
Dei of 9.1281x10? m?/s and the lowest value of drying
time of 85 min were obtained by drying CQ at the
highest temperature of 100°C. However, lower drying
temperature trended to provide better quality of the dried
CQ. The highest TPC and  quercetin content were
provided by convective drying of CQ at the drying
temperature of 60°C.
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