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ABSTRACT

The objective of this research is to study the production process of the dried
mulberry for infusion. The study is divided into three parts. In the first part the effects
of hot air drying at 50, 60 and 70 °C as drying kinetics the suitable drying mathematical
model and optimum drying temperature, were studied as well as determination of
physical properties, including water activity and color and chemical properties,
including phenolic content, flavonoid content and antioxidant activity closer to the
fresh mulberry. In the second part the effects of the drying of the mulberry leaves with
infrared at 250, 500 and 750 W combined with hot air at the optimum temperature,
which was obtained from the results of the first part, to drying kinetics the suitable
drying mathematical model and optimum drying temperature, determination of
physical properties including water activity and color and chemical properties including
phenolic content, flavonoid content and antioxidant activity closer to the fresh
mulberry were studied. Therefrom, in the third part the study centered on the specific
energy consumption used for drying at various conditions. The results of the study
showed the time in drying the mulberry leaves with hot air drying which had initial
moisture content of 75-85% wet-base until the moisture content is lower than 10%
wet-base at temperatures of 50, 60 and 70 °C took 213 135 and 105 minutes
respectively. The Logarithmic mathematical model was the best and most suitable in
describing the behavior of the mulberry leaves with hot air drying. For physical and
chemical properties of the dried mulberry leaves, it was found that dried mulberry

leaves at 50°C exhibited the highest color value, phenolic content, flavonoid content



and antioxidant activity. Therefore, in the second part of the study, the combined
infrared and hot air drying controlled the hot air temperature at 50 °C. The infrared
drying time at 250, 500 and 750 W combined with hot air at 50 °C took 128, 123 and
106 minutes respectively. The Modified Page mathematical model being the best
describing the behavior of the mulberry leaves with combined infrared and hot air
drying was most suitable. When considering physical and chemical properties of the
dried mulberry leaves, it was found that drying at the infrared power of 750 W
combined with hot air 50°C the effect was similar to that of fresh mulberry leaves
more than the mulberry drying by infrared 250 and 500 W combined with 50°C hot air
and 50°C hot air drying. Moreover, the results of the experiment in the third part show
that combined infrared and hot air drying has a specific energy consumption of 39.91-
50.95% which lower than that of hot air drying. Therefore, considering all the results,
it can be concluded that the infrared drying at 750 W with 50 °C of hot air is the most

suitable condition for dried mulberry for infusion.

Keywords :  Kinetic, Antioxidants, Drying, Infrared
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i & . 2 A = a Y Ao ) a Y]
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fsUanemau (IR emitter) FaUsgnaume fvassmaudu (Short wave) suassmaulaiu
na1a (Medium wave) wazfuasaauen (Long wave) Wunmadlinausau (Fnde, 2559)
TusEniNansEUINNNTIUWAITY 28TNNTTUBAZONENNEIUY anYaENSUABUAN N
[ 1 Q’lj [~ a = <3 = a aa a
snanUlunIsilasuaEYesas Fedunisiasuluamiaal guruesEgInIsiuasuanIw
& X
ASITY
n1sdanneAINTou (Heat transfer) Whdinguu vinld 3 wuu Ae n1sthauieu
(Heat conduction) N1sW1A211U58U (Heat convection) wagnN1ShHNSIaA11U509U (Heat

Radiation) 35n15auniakuut1$auanldfuuiuiutiy Wunisdiwaznisnianusaulunis

| [

dandanuliing Jaenusilunisiianueuldegenndiddagmiunldluniseunisiag

Av a v v aa

$edina 9 Nldegiunfiseddansililoan %aﬁmmmmﬁuuauwawumiaauasmmsm
rolmAnUfATomaadl Ao mssmnazuendvesluanalafad@dnvianis fo Surlsuals

gninatdlumseuwislagiunildegieninwndununairgeavnssulagwiaaniie

Y

a

Surssanldiuninidunisidnasndunsisedsliainueedundunvinlidseansnnusa

nIganduANFeuLarSidvesingan vaendunsnsaddliuasianldamnsadiuld Juiili

Uszaninmlunisganduainuseuduegiuing

=

n133LATIzRdIulsEnoUvesaalslaelysed (Spectrochemical analysis) 9114

[
v A v 1 =

BUWS’WLﬁﬂu‘tma’lﬂﬁlﬂ'ﬁ'lﬂg]ﬂ’]iﬂlﬂ’l'ﬁﬂﬁ]ﬂﬁﬂix‘iaﬂ\‘iﬂﬁ’nu Tunsiasgdiulsenouresaans

v v

Imamﬂwaﬂmimﬁamimmiwmmamemmauﬂu%ﬁgmwumﬁauﬁ’u \iodaased

v A

dunsnlunTuResTng Sadntinuerdunsivluing aggandudiliuainiinis

9 Y
o

EQIJUﬂ V]E]MSUENIQJLaﬂﬁ szm‘vmﬂmmmUummsaumum ﬁ]’?ﬂﬂﬂﬁ']?liﬂﬂﬂLUUﬂ’TﬁLL?{ﬂﬂﬁLMU’J’]

o./

4@ ‘Ll‘V\Iﬁ'TLiﬂuua’mﬂiﬂ’ﬂ”aﬁﬁlL%ﬂ’ﬂiﬁ@ulﬂEJQ%U%E]Q'JG]E]lﬂE]EJNi'J@L?’J



12

2. dnuaizauaudRvedunsuinglng
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WUUIIADINITOULIAY

WUUIIBBINIIAtInF1ans (Mathematical model) ¥99n1589ALUUITNTOULAILA
wnzaufunansas s1dudesdiiddladosne q itanuAeides luguisnseunis
undandsuild wansznudenmnIwndn sl Fefunisnaasfionianiizeuniis
wuudiaseadamaniniseuuinduniesdiefiddyedidduniseenuuuszuunis
gUWIMUUANY 9 asananunsavendemnuduiugseninednsnisiuasunlamiaansuas
audeuiintulusEninanszuIunTe UL InaDAIUATS AN ZB UL TN T dL VR4
N3EUIUNTBULIIMULAN 9 laf Jgtunuudnasmadinaansniseuniazgninluldly
NN15918998N1IENITOULKILAZNITANYINANTZNUVDIURTBAIUAN ¢ TUNTZUIUNITOULIAS
AaBAILNTYIAdeULaTSEUuRoulunToULTILUUAIY 9 WiemansTimunsauves
ASOULIUMUNINARDIEST MU aomendinAansnIsauurs Seslmnuaanuay
Usenénaldaglunsnaaeudeulaluniseuwi (owa, 2557)

91NN158151910na15V89518 AT RE TR UL LU e A dnAIan$NS
suwsiideuldlunsfnudmdunssuiumseunisrananmaunens fhezdenlduuusiass
meptiamansluguwuudnaseulniaea (Emperical model) 1 wuud1@8IU0e Newton,

Henderson and Pabis, Page ua¥ Modified Page tJudiu Faguuuundiuduiusvos

WUUINADINNAINANERS ARSI UAISIIN 2

A135199 2 E‘ULL‘U‘U?IQJﬂ’]i"UﬁNLL‘U‘UQO’]ﬁE’Nﬂ’]i@ULLﬁQLL‘U‘UG}I’N 9

Model name Model expression

Newton MR = exp (-kt)

Page MR = exp (-kt")

Henderson and Pabis MR = a exp (-kt)

Two term MR = a exp (-kit)+b exp (-kyt)

Modified Page MR = exp (-(kt)")

Logarithmic MR = a exp (-kt)+c

Verma et al. MR = a exp (-kbH)+(1-a) exp (-gt)
Modified Henderson and Pabis MR = a exp (-kt)+b exp (-gt)+c exp (-ht)

2
Y

NUEWR 10 a b c g h ki ko n Ao AAsnTuegiuian ua k e
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MsATEimaLMseUL st iduvesnseuwislumiey dnnsalalae
thasnsduanuiuiinaila 9 anmsmeaswisuiisuivauniseuuieduuneild
dmiurunsanuty Geegluglaunisouusisuuufeongud (Semi-theoretical drying
equation) B3n5As TR TMesane  YesaunsaumsauLItuusldinadanis
Aips1eaunnnesuuUldidady (Non-linear regression) iy s@anuauisalunis
Vunevesaums me AduUsyananisinaula (Coefficient of determination, R?) anlaawas
(Chi-square, X2) wagA13nTidedveeAunaIandouriidsasaads (Root mean square

error, RMSE) ssaunsaaludl

(5)

o S (MR,..~MR...}
S(MR,..-MR,.f

. 3 (MR..,- MR,.J (6)
Z ¢ N -z

ZJ% (7)

RMSE—(I g(MR —MR )
N izt preji exp,i

P a Y] | & Ay v o
de e AR dRTidwenuiuilannmsiing
MR AB  dasidumuiuiliannnismnaes
expj
a o ) & Ay
Ao dnsdiuANtunlaaInnITUTEM
MR,...
N fB 9WIUYRYAINNITNAGDS
z A wsdweslulsazluun1vnaes
A13fueYNABETE

oyyadase (Free radicals) munefls ansiididnmsoulanifen (Unpaired electrons)
Tusgmouvdeluiana nuldynuisisludsnndey Tudditiauarluvadlasanizeg9ds
N3EUIUNINAANSIUAElUEAIVT0INNTEUIUNSIUUNUBETY (Metabolism) lagiins
\ndoudhedidnasousenainluianaveses ndlaurinlididnnseululuianasendiuliana

aaa =

nanelusyyadaszuazisdhlunisidnihujisenunnuazannsafsdidnaseuainiuanadu
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v ¥
aaa IS a =

wnundianaseufiviameluiielidieufamuauganioaies Feufisedasiiniu

1 1 A I aaa 1 a X s v 1 &
@EJ’]QG]@LIJ@QLUu'lJ{]ﬂﬁEﬂQﬂI‘U LLazLﬂ@%iﬂumﬁﬁ@ﬁ@@L’Jﬁ?ﬂ\‘iﬁﬂﬂ’]i@l@lﬂu

Re + O, — ROO- (8)
ROOs + RH ——» ROOH + Re (9)

¥
a I [

auyadasziianunsavhareluanaynuseinn vdduwaduazdiulsznouvesead

'
a 1 a

AT U dfim (Lipid) 1UsAu (Protein) oulasd (Enzyme) Adute (DNA) @1510ute (RNA)
Aslulawnsm (Carbohydrate) Waauuiusu (Cell membrane) Apaaitau (Collagen) luln
AouLA3e (Mitocondria) waziilaiBeieaiu (Connective tissues) Fnuannglisadae
nsiianisnateiuguesiduelugaduasnaliinlsanis 9 loun Tsasn (Aging) Tsauzisa
(Cancer) lsavlaviaiden (Coronary heart disease) Tsarusideon (Alzheimer’s disease)
lsadadniau (Arthritis) Jsaniiun Tsaaudulaiin lsawden TsAienfiuanem anuAnUnd
yoslanuaysyuuUszam lsaieasumaiumels Isaieafuanuinunfivesianils uas
Ismanl@dniau 1Judu

[y 1 Al

ansiueyyadassiiodndanudidgysenseuiuniseendladeyyadase wieaunse
v fAseeendindu Tneluddidineeiiszuunsiestunshaiswaduaniodean
ouuadase Ysenouseansdiueyyadassaininevansiaivhvthfuandieduly Seded
Bueulusduarlindueulssl arsusznoufiazarslutiuazarsuseneviiazanslulasiy
Tnsansdnuoyyadassmaniiinalnmshauiuoyyadassseduvansuuy wu dnduoyua
9d3¢ (Radical scavenging) nstiudansinueteonduiivindidnnsey (Singlet oxygen
quenching) dufulangfanunsaisaujisereendnduls (Metal chelation) ngaufAzennis
a5199yyadase (Chain-breaking) \@3ugus (Aynergism) wazdudenisyinauve soules]
(Enzyme inhibition) M3sUfiATeeuyadaszidudu dregruaninisdndveyyadase

(%

s Ul

Re + AH — RH + Ae (10)
ROs + AH ——» ROH + Ae (11)

108 Re Wz RO~ ARaRyadasy way AH Aip a15A1UDUNABATY UnaINIveeasAIuY

auyadaTedl 2 unas laud a1sdueuyadasedaasient (Synthetic antioxidants) kagals
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A1UBYYaBATEIINGTINYIA (Natural antioxidants) Faansiueyyadasedunsiziingin
nsnszvIunIsdaassimaaiilaaduaisuseneufiuedn laun Propyl gallate, 2-buty-
lated hydroxyanisole, 3-butylate hydroxyanisole, BHT (Butylated hydroxytoluene) wag
tertiary butylhydroquinone ansdaasignnananifieuinanldlugnamvnssuomsiieduds
a aaa a % v A & A o [ A a = a =
nsinUuisereen@induvesluiuiduaniwsviilie msiindu wagsaviiiuiouwdaald

2 ¥

asduasgilianinasiindtarsinueyyadasyansssumakaivedndinludiuniiy

' [%
a adaa v A

Uaandelunisusinavaeiansiueyyadaseainsssuvdaunsonulaludadddavafivuas

o f & 9.15 ¢ a a =
dnigadulanseoulssd InTunazaisdu 9

1. asUsznauiluean
a15Usznaufuedn (Phenolic compound) w38 @1sUszneufiuea [Wuarsinule

=

Ausssu R lufisvanesiia wu in wald wsouna ayulng daudauis winSyiy Fegn

Y

1 A

vy X A a a a Ao a wa & v a
assuiveysslevdlunisasydule dassnauifdeauainee audfiduasinuoyydasy
anunsaazanglaluin

1.1 lassasrsluanavesansusenauiuedn

] a = = | ¢ o & A ! ¢

JuluanasUrumunnivieuisiel dvdueanssed vievydaslen vse a3
UDNTFANTBUADAUIILIIUNNMAEY bawA HavaIdaan Uselevuvesiluedn vateving

griseueyyadase anunsadesiulsasiie lagianizlsaila

OH OH

or

AN 10 F9819lASIES 19989815 UTENaUNUAN

fan: (Vermerris & Nicholson, 2006)

2. anlusen
Narlausus (Flavonoids) tuansusenauluadninuuinsiannta agwuuintunsen
Y a v d' 1 = I [ ) v d' d'd d' d' o
wazraldl Intiiaeseg Ae Wusiadng yiuniinsouaniini1ue1AauNINILI1L
) ¥ d‘ < ¥ a [ o [ a d' a 49{ & A
wagymiimduansiueendindu lneluirdneyyadaseminiululvadiivesnly

ANLANNNTIYRINITINUERN B TUANRgAUlAT1vET1vesaluees warauTAveInals
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[
| £

U AOAU

a

uoen Ssanunsatlvannisenay Yaelvvasadenudeia inlinisivaisuben
wuafideuarhada drunisiiauzide dufinisudefnazifinsiuiuvesaadusiie an
lALaaLNaI9a WaYILETUNITYINIUVBINTUT (ainFn1, 2549)

2.1 lassassluanavesnailiuesn

figmslassafrmaaiifursumunelsindn (Aromatic ring) fifldruauvlensonda
(Hydroxyl group) sauegluluiana Faus 2 299ulU awnsoazanslule drulngidinnueg

safuima luguvesansusenaulnalaled (Glycoside)

OH

OH O

AN 11 fegralasaasiawesaliuass

fun: (@igfnn, 2549)

A1IBLABSUBNAIN
A1NBLABTWANFATA (Water activity : a,) Tuermsazdszneumeiiey 2 du dud
wialuufiennisdald 15801 bound moisture content yAunsdazinunduilluldy
Useledlaraudisen BndrunilsReindaseNegseus aaAUsenaureda1somIsseni
' 0 P ¢ . a ¢ aad a a e o 8 1 &
dauildn ihiiludselevd (Available water) M3edainesueniin Yaunidaunsainurdiuil

TUlgUseloviianisasariulale (eyas wid, 2554) Grnlameosuoniinaiunsadiuinla

(%

s Ul
_P _ERH (12)
a., Po 100
@le  , @@ water activity, decimal
P Ao AusUlaveaNUeLNa7 U IMNSNABINITNTIU

'
a

p, e Anwsulevesihugvsiiguvgiiiiendu



22

o ea

Ern A8 ANNYUFNTINSTIRaUAA (Equilibrium relative humidity)

ASLAAIANUFURUS TEMINUTUIUAINLTY LazABLmaskanfdneanuTduns

Send1 nsmllelaisesunisgadualnudu (Moisture sorption isotherm) 1@ sy

=

UoyarAAAINTUIINDINTALTEN Adsorption isotherm 618191150AMNTUNINITF LAY

ATuBuLRINIA3ENTT Desorption isotherm tniididmawmasuaniingsan éun t1uiqns
wazilofithvansvuegluihazvinlidnomesuendiflueinisanas danmil 12 uana
AudutussEnitsAmemefueniiniuems warUinaauduluemssmanemsan
uazamil 13 wansnruduiusssrinnem esueniintuomawasuiinueutulueims
Sofiauush Ssazuandiifuiailuuing 1 vesnsmasfudniignnizifell o
wiumniinsedeudilitiesiian luiannsadsuaous@uiuddsd -0 °c Huililua
wod duhluuina Tvewmnsmdulngliannsaaevansduiuddsi -a0 °c usiile

sufuvedaal vilmAnanwuenatafnduihluiafiaesuaztiluwaniiaans 1hannis

'
Y]

2 Uniliitesninseay 5 vesenmsanndanudugeiily inluuioui I awnsawfeu

I v o o 14 a a

Jusihazaslauazyinliaaunidiasyiulals falu Ane

q

a

- S VY o Y
amuzmumamml@ NINRUINLE

s aad= & =1 ) a LS Aa oA a a a a e
Hﬂ@5LL@ﬂanﬂﬁNLﬂu{]ﬁ]f\]ﬂﬂ%igmUUiﬂquuqmqq@IWllE]EUJLW@ﬂqiLﬂimLmUImm@Qf\!aUW§ﬂ

wenanuudilinansznusenisinuvendulyiuazinnfivluems Jaduavgueanis

Waguwlasd sd wagnauvesemslneg1etnauy

i
i
i

F
1
1

MOISTURE (g Ha0/q DM)

e

. 1

o 02 04 06 08 @

/R

AN 12 ANUFURUSTEIANTUlue I shasAenAIRvesunlua s LY

H

flan: (oyasn und, 2554)
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|
0.5 4 v I

- /
(=) 'y I .
E ” /
=] I ¥
E 0.4 fan | -0 fﬂ—-—nmu—muu--rh-.
E‘ ; A ial
© 7 N 7
E o034 Z ¥i7
E o ’
e 7 7z
- ’ 1
Q 0.2 4 / 1
o4 A
- v .
w /, i ’
E J
E o1 Z 7
e A ¥
“ / Z ''F

1 1

0 i: T 1 T T T T T

i
0 010203 040506 0.7 08 08 1.0
P/Po
AT 13 ANUFURUTTENINIALENAIRYIUN LN TwazUS LA NT Ul U 1M SNT
¥ .
AUYUAN

fan: (aYas1 WA, 2554)

= =2 a = & v o o a
& (Color) AzuansienuN MBI THaTNARNANILNYAT Fululadud Ay itdaa

AoRunIMNITERNSUTeaIUSIna mnllanknunAuslnadulngeazlivensuiazea

—

e daanuainiudusoly 1wy nau savd wazileduda Wusu nsidsunuasdves
HAN AU 521I19N150URALARTULADINN 528 VBIUIBBNIINRITARNTENININITOURI
= a o a aaa ! 1 . .
FUINTTIUAIULUBILUBIINNITINAUNNTEIAS 9 YU Enzymatic browning non-
enzymatic browing wag Caramelization reactions TngUnAuain1siuasuLlasunsdsening
N150URAILVURY IUANBALVBINTEUIUNITOURIY LU Yagauminlslunisounina vie
nsldanstesiunisiudeuvesd (Color protective agent) n38 n1seuwiadudag 9
(Intermittent drying) (8&31, 2554)

N9ASI8RESTUU CIE L* a* b* (CIE LAB) Tusssuvfuaadundsnuifiautives
Aauwiwmanlih Tnefiaueneduiiniuesiveglugie 380-780 nm Inesyuudnieuld
louA CIE w38 Tristimulus system szuuiidusguuft Commission International de I’
Eclairage (CIE) tnWmunszuuvesnsindluguves Objective filidpsendeuszaunisal w3e
AuAnvesywdlunsind nsdndsyuuliiiden fe Wussuuiiliuiunisusaiuveusay

I Ao Id Y @) A o o (% 3.}1 @
yana Wuszuunindesnundudiay iussuuiausadnlumuin deiunisueiudves

Tng MAnnuvasidouas ngnid waranemeuuywd dusiausainsenunduduaala

9 9
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fannsaiadeenundudiavld Tneluuysdarssydnvardvesingineaiiuiu 3
Anwaly Av Hue, Value way Chrome

- Hue vneda #usngliiiu (and) iudevesdvdniiunnsisiu Tuszuu Munsell
wntsoondu 5 3 Ao wns wdos Jen tidu s

- Value (lightness) 111899 ANNAINNT0IE NIoUSUIULAINAZDUDBANIINIRG

q

@ 1 1

PNTUSUULEINAZ DU DNUININALYIN IR UAATI1 S1USUNwasazTiauT 8 s ViN T AuE

o
= = Y 1 [ o &\ =

WU wIedla dARA 0 = Black (Mmaﬁmmamaumm) 3

9 Y

3 10 = White (11889391517

auysod)

- Chroma (Saturation) #1884 ANAIINTENS (Purtly) vesd dNUSavaunniian fie &

9

Alfinasd@yiuinay Felannandn (Hue) 919 100 & wusatna 1y 0 81 100 Wun13iamlny

WANANNYOIENANAINELYINN Lightness Whgaiu

AN 14 LEUNINELAS Hue Value kay Chroma

fan: (a1 WA, 2554)

[

szuv CIE L* a* b* Wuszuuandealdniuedeninewinns lnemmvuasiag 9 fsdl
L* Tgnmuna1ANadng
L = 0 = Perfect black sample
L = 100 = Perfect white sample
a* Tomvunduns wiedive)
3 [ aa
a LU + IngUEDDNLAY
[ U aa =
a \Uu - Inqildeanilen
b* lfinvuadinaes wiedu1RuY
b 1l + Jngiideenmdes
b 1l - mgilideanitu
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warlunsmAiauuana1suesdmdudiaviu WeoRasaannnd 14 agwuii
gneuilalu Space Tl L* a* b* wazillediinisiaswandluazladngalu Space 1lu

* * . = & 1 9 1 [ ' =2 ' v
LO’ a, Wy b, V3 2 Qﬂu%mwsmﬂﬂﬂu Space winls NAEUIUBNTNANULANAIVB IR

aunisealull

AE— J(L*_ L )z +(a*_a;)z +(b*—b§)z (13)

e AE fiD ANAULANGINIYDE
o 1, o) WaE 5 PR ANSUsUveINERSIlunioy

L*=i)
m‘wﬁ 15 CIE Lab w&@ns L*, a*, b* Color space

#n: (eyas1 WA, 2554)
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UIYNNYIVD9

aMsTal Lagan (2555n) Anwiniseuwsidluthuniflendmdulutauenuitaysi
LATATIIMUUTNA0INIAMAAIANTTIUIEIAUNAAIANTNITOURAILUTIUNAIENITUH T 9E
éuWiwLimLLaziuﬁauqmﬁwamimaaumqmzmmé’usTaLLazﬂawuguLﬂﬁaqwﬁaqwuﬁwL‘wwz 19
g fifldlunmsmaaousgszning 50-70 °C Adseadumsisaiifu 500-1500 W A3
naeasuNtuTIUNan i LTuEEY 600% aAsTIuL Buliunsesluthunusd
mm%uqmﬁw 20% WINTFIULAT INNANITNABDINUTT WUUTNRBINIANAFAIERN TV
Midilli et al. annsaeBurgaaumansvesmseuwisluthunliafigemniteulvvesnismaass
idefansandeiadveanuinianiseuurisdng q flnasesaunamansnaninuazaim
AuuFemdsmilumssuuidlutaun nut mseuwidlutaundesedsussiaaias 1500
W gaumgiiouuris 70 °C [dszognalunisouuisdesiian (30 unfl) wagiinududes

WEIIUINIEAEA (0.31 MI/kg of water evaporated) wanainiilunisfnwlavions

)

Wwevaunnvesndndusiludiunwislugyvesayulnsvinu lngussdiunisseam

v v

WU QaUnNNeULuAarMAISFBuNTIInINadoRMAN YA & NAU SAVIR Lay

ﬁe
me

Y

Udnwal ag1siidudfgneana (p<0.05)

&aNl

oYAT UazAmy (2555) Anwinuinianiseunisluimeiiioldviiun ayulnsseed
durssniuiuanieu lnsiSsuiisuiunseuniieandouiissegufen Fsazinnsan
PanamanimIsuuis aanweslumevAINMIsULRY uagmuAuomdsnusnngild
lunsauuis NMIneaeteURslu gl 45-65 °C AMaSaddunssn 500 uag 1000 W
AuBusufuLazAITugaTisvaslumsaglutng 400-600% 1AIFIULTS uay 8-12%
ATFIULAY ALY INHAN1IVIAARY WU SRInIauLTtargtuilegamgfieuutigs
uiAALALIUEsnd U unnzanas uuusaemsadamansimmizaudldiiune
FAUNAANANTNITOULMINIETIATUNTIIA 1000 W Sauiuausau wagn1seulmmeauiau
9810fiE7 f WuUs1aed Logarithmic @vunuusiaesiildviuneniseunieieSsddunsse
500 W saudvaniou As Luudnass Page lnanan1snnassdlialnalAgsiuLuudIasning
lunuAuAINUBIHERS g WU TepaznsAuiuazeAdluseul CIE (L', a waz b) wand
Tiiiuin liunnesfueenafitod @ 95%

gmimi uazane (2557) Anviuamamssuuisadnansununimesisiudeld
Huomnsguamlaglifouuiauunailianiou wazdsddunsusaduuvamasnuaiiy

$9U LAYASILUUIIADINNANAAIEARNSLUULDUNS ARVITUILIAUAIANSNITOULMIUANY1ENS
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a

AIAIANFLUTEANENTUNIANNTUUTEENEHE Lasnasunseiulunimaael uwagld

a ¥ 1

nsAnwdadegaumglounnasendng 50-70 °C wagAutuvessd@ulssail 500-1000

Y
(%

W Afinasionisanauduvestarings lnsanuiivesaniouiidenldiaade 1.0£0.2
wns/Aund ennudusudunazeanudugaiisvesuaidinansuriseglugag 150-155 %
UINTFIULII LA 1522.0% UINTFIULAT AU HANITNAGBINUTY BRTINITOULIIIY
wsifufugmgfiouwiauazidsmessaddunlsnsn wazidethnanmeasmnaiauuudians
NANAFERSLUULRNTSAIVA1Y JUMUUMEITNsaumMIanassuulidady Taefiaisan
\Fonaunseunisivnzaudmiunisiungaaunamansvesnseuuisaninanslédfiian
MnAdulszansvesnsdnduls (R) wagArsniiaesvesainnunainndoundsidades
(RMSE) san1snaaasaguladn uuudiassmendiniansued Page a5u189aunanansves

v aa

N150UWANUaIT1IE159INNTVAG DB ULITIAIBANSOU kassIddunsusalifgn dmsSudn
fuUsyAninisundautuuszaviua fnldainngmsunsvesiind wuih Arduussaving
uninuduUsEAvEnaveaatd1ians %uagjﬁuqmmﬁawﬁa WAZMIURITIABUNT IR
wazdlmeglusedu 10° marauns/Aalis wagnuin mssuuisnessddusisisaiszezina
Tunseuukeduninnsdinseuuiadeausou

Adak et al. (2017) AnwIHANTENUYDIANIITA1TOULKITILANAT IR Y 19U A1Es
Junsusn guvnfianiou uazeuiian e einunnanseluess Wil MIsuLsanas
Soiiuidadunsisn guvnfiandeu uazanuiran and1ds 100-300 W gamndl 60-80
°C wazAIET 1.0-2.0 WAs/AWd aanmvssdanas dmsulinaiiusatasuoulsleendu
ﬁ’jwm 300 1061 , 60 °C ag 1.0 lwns/Aud Aninsnaaeddy 9 APUIUNTEU ST IBLTL
N, P uag K wazanu3uias Ca, Mg, Fe, Mn, Zn Uag Cu annizilmungaudianlunisiiv
A1591IMNTVBINTOULT IS ITDUNS 1IAVDIENTOLUBSSAD 200 W, 100 °C uay 1.5 A/
Vel

33m31 wazamy (2561) AnwransUsznavfluodatiamanazqnsnisdnueyyadass
19875 2,2 -Diphenyl-1-picrylhydrazyl(DPPH) wa¥ Ferric ion reducing antioxidant power

assay (FRAP) lulunslou 2 aneiug Ao aneugussud 60 uazanauas 72 nan1sAnwInuI

& a

lunilauny 2 aeiiug MUIsuiigusenintanisadameueanegeanuil Auduegluyis
4.0-4.2% wazdiianssunisdueyyadaszgeiign Ao 2,433.31-2,127.18 pg Gallic acid
equivalent/g extract, 74.81-76.73% Wag 107.09-107.09-117.98 mg Trolox equivalent/g

extract AuE1AU wenaNlnunnisanalundeuniguigumvgil 100 °C 1AINTTUAITAY
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a%aﬁaizﬁwqﬂuﬁdw 488.29-805.09 pg Gallic acid equivalent/g extract, 36.67-42.56%
WAz 3.30-6.49 mg Trolox equivalent/g extract MUAIAU

griefing uazane (2558) vilew (Morus alba) iufiwsiandsitanusalduselonild
waredu Quuazua) lumisudelfiduemsidsmueulvn sAdeidnwgninisdiu
auYadasT¥IAYIS 2,2-Diphenyl-1-picrylhydrazyl (DPPH) ansUszneuilusdnanun uas
An18ud Tulundeu 8 atewus Ly 6 aneiugainUssinadu (SNKM14102, SNKM14104,
SNKM14122, SNKM14123, SNKM14128 wag SNKM14133) wagdn 2 anewtusannuseinalne
(Sakon Nakhon and Buriram 60) nans@nwinuinlunsieuaieiiug SNKM14128 17anssu
nsiueyadasygeiian (p<0.05) dauanesiug Sakon Nakhon wag SNKM14123 iuunds
fifvesansusznoufiuedn Tumlsuaewusanusamaiui 6 anewusivsinaindude
n9na8wug Sakon Nakhon wag Buriram 60 datfulunsieuaneius SNKM14128 wag
SNKM14123 Fasidnenmunlulfidudiunanluemisidesaniigninisdiueyyadass ua
USinaansuszneuilueings

Katsube et al. (2009) Tuvsiou (Morus alba L.) {uunaseimsfifiarsiusyya
fasy 19 1AesTAu lesandasuszneuiideutnegs AnvimansznuvesnseuIuNTEULS
mgauseusanuansaluNMitueULadasEiarAIAIvesEsUsEneulnauealuly
yalou asUsznouvdnuesgrsnsdnueyyadassluluniou fo wefdau lnalaled wagnsn

a

laladfin lundeuangnauwnismeaumngisie q uazgnsnisaueuyadasslingly DPPH

Y 1Y
n513TneYLadaTTuaLIEAVAITAUBYYaRaTENgNTA ANTTUOYYADATY DPPH Uax

a2

asUszneulwatiuealulumisusuuvisil 60 °C Miadniliunndaanlumslouuisniuguds
lurmziinegesarvesluntousuuiadt 70 °C waruInnIdAIanateg 19l dedfigy
mamiﬁﬂmﬁl,t,amslﬁl,ﬁu'jﬁmsmuauqmmﬁLflu?%qﬁwﬁigiumimamiwﬁamﬁa%’ﬂwﬁzﬁu
ansiueuLABaTuAzansUsEnaUlnGues

Lee et al. (2006b) Turderitunszuauazgninananessdsunsusalng (FIR) 7 8
geaunidl (80, 90,100, 110, 120, 130, 140 waz 150 °C) tlwaan 10 w1dl ndswnn1sanesed
FIR az3suvidolnsutlulutiien uarfiarsanauantifmaedimeninvessndes n1s
21959d FIR ﬁqmmﬁ 90 °C iinUSinadlueanmiuavawienan 244.7 1Ju 368.5 me/s
wazUTinaualauoasundaud 122.0 81 178.7 fiadnfw/nfu Wisuifsutumsniunud
Lafin1sa1598 n19219598 FIR dedanarayUsunu Epigallocatechin wag Epigallocatechin

[

gallate 9g138iad Aey Nitrite scavenging activity §9LANTULLDLANN1T21859E FIR U

g
gaunfiasvu 110 ° C agelsfinnu nsivdsuwdasdreswidernaiessdiie FIR Ngungll
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90 waz 100 °C iintien nsAnwiduanslfifiuinnuainmaeiveswndenldsunanseny
agiltudAyaangiininesed FIR vedluyides

Wanyo et al. (2011) n1sauwiessd@dunssalnasiuiunisniaaiuiey (FIR-HA)
WleufaugednuasAuazansiueyyadassvedlumion auautRvesmsiueyyadassuay
a1suszneviiueagnimuaniseuliesd@Bursusalnatiudunismaiuseuvesluntdeu

L= ) U a v & a a 6 1 4 1
wazlUSsuliguAundadudaniasdiazlugn 9NA1TNAABINUIINITOULRAS FIR-HA A1

a v 6 a 6 aa

= <3 4 = = Ly a a &
999 L way b UANanawanuagilalnguNUNaAN UBIWITE LAz INUaaNManuA(TPC) way

] [y

Ysunalanlaussansnun (TFC) anasegeiditvdAny Woisuiuluan Tuvezd FIR-HA 313

v
=< 1 o v

Aaeduluan wasinuednanun(TPO) nTusealideddgy Tinaansadiadu 1,1-

diphenyl-2-picrylhydrazyl (DPPH) wananiifenuituseansamlunisdesiueyyadase
anaIes FRAP lagynvisdnsasiiniinn FRAP assay maniludan n1sidasulvasinanidl
v o fu ad [ v a @ ad [
ANNFNTUSAUITNTTRAINEINNTYRaN TN UeLLABATY FRAP assay LUW3Bn15lun1sin
o ] A a a & A & aa Iy,
WHIIUNITAATINUAYDIAITNUS1ADLanATouluYMEN DPPH assay LJuidn1570
ANUansavesluanaansinueyyadaselun1siveyyadasy DPPH Astunsaaufives
a1suszneulnaiuealaenszuiunmeauseuavdraliUdogansHoR o yLa Bas Bl

AaNURAMLATLaETIN NTLANANY
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ALMILE
FLLBEMBEENINENLLYALT MATING
?c%gmé@wmpgrca@ MATING
ELULWRLYEMELLIGELEMRLLE
Sm,_Zm@%@,ﬂx@ma@mn\@@ﬁpm

M ELUNUNRWINRENIRY] MEEME PLELIEBRUNMELIEBNUINEE (5552)
004G1-009 ¥LiLEpnereLy MURELEVEILEMNEELERLYLALAR] BEILEMWMCIBBEREWRWINY RPEYRLEN
Do 04706 reluret GMIRWINIPATINEELUBLILENTILAUY RYIN, MATNEGLLULWRLYEMALE LM Leshe
ALMALEILBDEMBREN L
o n =4 \Mv
MELEYRENENIERLLERENILILNCEYL
MLLEPSY

MATNELLULWELBMILEE
M

00ST-00G VLILLMmERLY
Do 02-05 1lrure

n@j_V/@J,_\@Hmv\m_zjwrcwm\@cpnb
NIPAINECELULWELYEMMBELM
LAEWRLBUIBURLIALCELEMNTRLER
281 RMwaﬁjcpﬁbpwﬁngmz@_@J

UNENNISAITNCELUBLILEMTILAUY

RENMLELEMBCENRINENLEY
tuegLEmnEL “@wdmw_sv?m
ERENTIELURBLYIEYRREATIUNLIL
Unenn) Dwamzw%cp@bﬁpwv&.j?@wrc

(§GGC) =Y
2% ILLe Ul

neBvKLeLU

rﬁcw"@vm

LRUYUTELBEM PREICR

[
MY
' 3

v@F@aCﬁ\ra?mﬁrv?w& ¢ WBLELY
LA P
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S/W 0 -071 _,nGm\wm.J_,an

C]

M

00£-00T VLILEMNEEEL
Do 001-09 releure

Y
c

ELEMNICLIYE

MLUFSUAALEWIL _g@ow,ﬁrg
aum negrerlunt veLepwne
BULY FLRT FLUBLBUBTILNATING
mrcn?%v@p:gumc_@z%cm

M

00ST-00G BLILLIAMEREL
Do 02-0G 13l1rs

Y
b
c

DUATINGELU

FIRREUNLObEILALT BMOUBAEN
MR LEUEMTELUSILERENIERLY
i ansrwwrmmrwﬂ@:%jp@mrc
LYBLBEMIBERLILABYEM IR
NANEWRLBBIBYELANEBLENNT
BLLBRLT MEBLIELLUMLILEM
PEUNLIBEILEMIEEDERLT
rnegreepiusLennntAnneba]
a@?rgw??@g@ﬁ@ﬁ
FIELILREBURUELUMLATIELEELD
r@?;%jp@?c?ggjgcm

AlISgmens (L102)1e
LEGNICLWE JO SUIAIp paJelul 19 Mepy
@erw_,\ermv\man

MEEEEMINCELURLYNEEY (LGG2) ~fUY
MEEUELEELRLEML  ELERELALEMALIIEMELUBLILEMT 28N mrSMr§W

NEBYKLLU

<
)

LARUBURE
=F

LAUBLLIBLBEN bELICR bt

Lod 4 n

(21) bCRERUIARLENLINLE € UBLELY
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n

M 00¢ @Erw_,\rﬁmr/@r%
Do 0TT-0b 1slmrat

nerm
nynjReRcERhenLseLugnlben
UBANGUREELE :@E\rmﬁﬁgn
MEMINGUALNELEERLYNINLLY
RENRLBRLRHENLYELUN]BELIELE
[LLYRWMEEIEERLUBUTING
ELUMENALUBCRNARLUSNLAUY

SOABD) ("] Qe SNIOW)
AlJRonui Ul spunodulod
JnousydAyod jo Aynigess
pue Ajpeded juepixojue

uo ainjesadway

ch 7 SUIAIp-Jie JO 10943

(9002)e
19 agnsiey

GTEABLL
@m@:@p@cnmpm@
(HddQ) AzeapAy)Aoid
-1-Auaydig-z'e

QLRI ALBELIHENLIYELLE

DPUARLE 8 MBRAN{M] BIITLUL
RUN VIEANLWECIANBUALNLLE
(Hddq) VizepAgkiid
-1Auaydig-z'z gt

R ategulthenLueLugbLALY

SrUMRLE § MENLE
FLGIEAN]PRREIITLIL AL
RLBELRHENLYLLUN]BELIELE
MLLUUIEUBALERIMNBURE

Ich i) wrmamaw:wﬁrmgm?c

(855¢) #ruy
Ae1 MR

Lnuses
@cc@JJmnwwrm@n@gmm

ZL BuneuR
RST 09 BLENAIMALE

(dvy4) Aesse tamod
JuepIXonuUe SUPNPaJ UOI DI
2811 (Hdda)©AzeipAyAioid

-1 Ausydig- 2z
geRUIRLLELRHENLULLUSKLALT
@_,w_\rv\\_%@m@w_@?@cuw?wﬂ\mrﬁcw

SrARLE 7

FLEIEAN],

riaLReEithenLgeLEREnYE

FGRWN]  BRMELEFOLIEELALEUILLLU

(19G92)=md
AT LEWLE

neBvKeLY

rm..rcm_.\u_vv_m

LAUBKILIELBEN DELICR

[O
MY
' "

(@) DERLRUIARL

EALDNER € UBLELY
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ssa20.d
£3] 12y Ul UOIIDIAUOD
Jle pue uonelpel

pa.eljul-le} PaUIqUIOD YHMm

(VH SoARD) AlRgNW paup JO
M 0SZ BLILEMMEIELY -HId) TEEMLEULMELUNUMEELEBU] saipadoud juepixonue pue (1102)
D, OF mgaw BEILEMMEEREMATINRELULAULY ch7N ] Anenb jo juswanoidw| e 19 0Auep
Bo| Uowalb
M 00% BEILEMMERBLY JO AYAINDY SUISUDARDS
Do WL 0T S14IN pue
0GT pue ‘opT ‘0T ‘02T EUATOR 8 I (d1d) BUTULILEMNE SUIYDa1e) UO Uonelped)| (9 9002)
‘01T ‘00T°06 ‘08 1slmrut mwwvaJp@mmxamr@cm LRRILR paJeljul-ieq JO 10943 e 19 997
NEEBILLLY LAUBULE LALLM BN heLiek v_g%

[

(RY) PRRERUIAR

EMLDNER € UBELY
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ad o a\ a o
A9N1IATLUUITIUIY
AgAY

lunsdeuiugu3sud (Mulberry leaves) Mldlun1snaaes nAudsiouluadunsy
AESAFULPINTZUINANETAR WIzUSUTITRUD Wedlud dund1emeinayein 3 ase antu
Prluntsulvazdntilvwie wazdrlundauurdaliivuinuszunn 1 1wudiuns 817 4

L%uamﬁ]i LLﬁ%‘W]ﬂﬁu%uﬁmﬁumumﬂ(ﬂig’m (AOAC, 1995)
¢ =
Q‘Uﬂ’imuazm’ias‘ma

1. \pd0seuLsansou B¥e Binder 3u FD 115 Uszinel 1oesuil

2. Burlssninds 250 W $1uau 3 unis 8ve Ceramick Ju FTE Uszina Ine

3. DINDULNARAUBATUIN 29xA4x2 [uAAT Useina e

4. \3esdsaziBun (Analytical balance) nadley 2 fuwis 8% Sartorius U CP
3202s Useind anigasn

5. \n3estaazBen (Analytical balance) neflual 4 fuwis B9 Ohaus pioneer $u
PA214 Usewne @n3gaLusnn

6. \A309A1IAA (Spectrophotometer) Bt Hunterlab 3U MiniScan XE plus
Uszne aldnwasuaun

7. R0sinAeImesueniin (a, meter) Bfa AQUA lab U 3TE
Useina ddngasaun

8. wzesarnInsnlafiines (Spectrophotometer) 8% Labomed, inc. U Spectro
SC series 002416 Usgine @n3gaiaisn,

9. LAR0IVMIL Be Germany industrial corp. Ju PLCc-012e Uszine iy

10. \a3ae¥nA1 pH (pH meter portable) 8% Fiveeosy™ Plus U FEP20
Useina dngasuaun

11.1A303IAAINEIU (Energy meter) 8%9 Hidance
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AREIGEY

1. @1sayaeenuea (Ethanol alcohol: C,HsOH) US®% RCl-labscan Usewnea lne

2. @15azay Folin-Ciocalteu reagent US¥W Lobachemie Uszina Bulde

3. g1vazaglgifsnaIsusLun (Sodium carbonate: Na,Cos) USEN Ajax finechem
Uselne edlnsiae

4. @15UINIFIUNTALNAEAN (Gallic acid) USEN Merck Useine weasiiu

5. @158¥any DPPH (2,2-diphenyl-1-picrylhydrazyl) USEw Aldrich Usgine wasiiu

6. darsavanelafonlulasd (Sodium nitrite: NaNO,) US¥N Kemaus Useined
DOALAILAY

7. a15a1gazgiillonnaslsn (Aluminium chloride: AlCl;.6H,0) US¥N Kemaus
Uselne 90daLnsiae

8. ansazanelyfeulansenlan (Sodium hydroxide: NaOH) US#% Lobachemie
Uszine duLhe

9. @TUINTFIUAIBTAU (Quercetin) UTWN Sigma Useind ansgeLssn

10.@15azanglgneuas@my (Sodium acetate: C,HsNaO,.3H,0) USEN Kemaus
Uszine ooaLnse

11. @1988789n3ALBTAN (Acetic acid: CH;COOH ) US¥N Merck KGaA Usgind
aasiaun

12. @1sazans TPTZ (2,4,6-tripyridyl-s-triazine) US®W Fluka Useina edaasiuaun

13. @ansazanvninlalasaaen (Hydrochloric acid 37% : HCL) US#% RCl-labscan
Usenalneg

14. a1savangessnaaalse (Ferric chloride: FeCly) US®HM Merck KGaA Useind
aasuaUn

15. mimmgmimaaﬂsﬁ (Trolox: 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) USEw Aldrich Useine Saue

16. @vara18wunIuea (Methanol: CH;OH) US®W RCl-labscan Usewnelng
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AR IUN15IY

AN LDNAITWALINUILNLNYIVD

!

ANWINNTOUMINAIANS DU AaLDUNTUIATIUAUANTBU

!

AR ULUDIAU

ANSNAABIN 1 ANWINITBULMAIALSIU

!

Tnannvunzaulun1sauLiIansau

!

ANSNAABIN 2 ANWINITDULMIDUNIHIATINAUALS DY

ANWILUUIADINIALINERS (LUUIADUDUNTFR) YDINTLUIUNTOULAIULUY

] a o c{' & ° a
EUU'U'N‘VIL%ngaNIUﬂqﬁmquqﬂﬂqﬁLﬂaEJ'ULL'Ua\Tﬂ'm@JEUu AT UUIABINE YY)

s
a a !

(ANFUUTEENTNITUNIAIUTIU:Dery)

!

AnwInanIENUvesanEkaEIsNseUwWiRe MR uLUasn N mvesly
1 ' ! 1A * * * ! s dady | a gj
valow lawn A1d (L, a* wag b) , Anawmesikenilin, a1susenauilusiniiaiun

, asvlanliueeAiaviue nsnIsinueULABATE arNaanuTNIL: SEC
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!

AATIEANANITNAADS

!

AUNaN1INARDY

AN 16 LEURINITAMLUIIUIFLVIINUA

n1sAnwIn1sauluntiou

1. NSLA38NADEIY
° ' v ¢ Ao € ¢ ' a a a < Y aaad
W lunieuiugyssud nnaudnieulvaadunsesifesiaunanssuiui1dsan
NIEUTUITUUIN Wedlnyd Alvwe dvelu InalAweiu Aiaudwsudy 75-85% giuden
3 o 1 % % 901 5 g.j/ o 1 <@ %; ¥ ¥ £y}
nduilunteu waremiednazen 3 ase nutnlundsuldazmaun il wasdnty

PR UIALVUIAUTELNIUNING 1 LOURLUAT 8717 4 WURLIAS

2. msyaulunsiau

inlundounlaainnisesey laedadmdnlundey 200 n5u ldarneuuisvuia

a & o w - o Y =i & = v % v

29x44x2 WURAWANT INTUUNINATOB UL UananIng 1 iuiATessulrauiou 8ve
Binder §u FD 115 9u1A 55x55x38.5 @uiiuns A1eluresouliaiinaandunsisnnigs
250 W 373U 3 viaen Inellssagiinaseninavaennudanyindu 15 wuiuns lunsauni
Tunslounmuduisusueglugig 75-85% giulen aunsensnnuiiuanevesluntoutiey
N1 10% g1uden lnediReulummaaesie nseuwismauseuioumgil 50 60 wag 70

°C WAYNITOULTNABANSDUTIUAUBUNTHIANAIEG 250 500 wag 750 W Na991NNISOULT
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luwsiazgan1iznimaass gz gnivdulviasiBunuariouniensunsssounvuin 80 Ly
udiegtlugeezglifounssnlnatin Ngamgll 4 °C aunsenahldiasiziaunInmia

nYANLAENILAL

Infrared Heaters 250 W

Drying Ch amber_] — Temperature Controller
e s
m £ | |
Sample tray — 15 cm
Lin ! -
7 0 — ON-Off Infrared
o é/’{/’,///f/},} o1 Il nfrare
i s i
Il L, l
Power supply —L :
I I .0
= vel™
[oe]
[ [l .o

= & o
ATNN 17 LATDIDULN

3. MR
mﬁmeﬁmm%umummgm (AOAC, 1995) Taedarinniin 1-2 n¥u asludae
ovgliin vlvaumegevansouionmnd 105 °C Wunan 24 Halus anduthandsimdn
nauuta Tasaruduansofunainaunis (1)
mseTeinseuuauenInAANty Sedianfivsuendsdamninudsundasia
ihaelutagiisufuanutuiudy Wenainseuukswiniulufinala q Ae snsrdan

AMNTU (Moisture ratio, MR) TngdnsI@IUAINYURINITOAIUIUINNENNTS (3)
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4. N1SVIDNTINITBULIAY
) v . & a & Ad a ]
MIINNTOULIS (Drying rate , DR) fig dnavosmaIfiseinenafuiiiinnisseinene

£

1981 AU iuANANTRAYBIATEINTOUWIN AaNUAveeIan LavIuInYesTanagyiinig

IS 1

DULIITIALTNARDNNITOUMA LAYTASINITOUWIIEILNSaAWIMIAINENNTT (4)

5. ASAATIZAUUUINADINANAAIENIVDINITOULAS
TunsAnwILUUSIaeAdinransfimunzauvesnisouwislunteu Wevhuiy
NOANTIUNITOULIN ALLEONWUUIIADITNTINITOURIIIINAUNITOUNIAA 8 LUUTIa89 el
LUUINaD9v89 Newton, Page, Henderson and Pabis, Two term, Modified Page ,
Logarithmic, Verma et al. uag Modified Henderson and Pabis 1 %ﬂﬁgULLUUﬁﬂmiNﬁ
1 uagyn 9 nidaziinisiiasziauududinieada liun Arduuseaninisdadula
(Coefficient of determination, R') LazA13INTideaIANAAIAAADULREY (Root mean

square error, RMSE) wagalaawas (Chi-square, X?) Asauns (5) 89 (7)

L4 a 4{ 1 =1 a a
6. MIMANFNUTZANSNITUNTAMNTUUTZANSNA

AuUTEANSNITUNTANTUUTEENSNA (Effective moisture diffusivity coefficient,

O

o) P9 AnaNURRNIENNNIenIMAvIUBniIANLaNTalunIsiAReunven luTanTeay
UBYAUANUTWIUAY 9NH ANNTUFUITUS WITULAYe1ABANNITNITINIABINITUNS
AIUNYUBN 2 Uee Fick (Fick’s second law of diffusion) A@uUAIN N15UNITRBNVBILIAUN

W38ANNIUIINTANAAINNSABUAAIATNTUYDIAINAYY

MR=— -

T Z;, (2n+1) P L

8§ & 1 [_ (2n+l)2 7D, t] (14)

k) t Ao 1381 (W)
1o ldianlun1soULIILIY F9aNsasaLUadannIs Lazaiuisaununasadu

aunsLaURnSIbensauns (15)

{ 7z(D,)t] (15)

MR:izexp - 3
Vs L
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A319NIINANAURUS T2 111989NN1T5Y 55UV AVRITNTIEILAIMUTU (In MR) U
LAINNTBULTY (1) WAZANUIUMIANFUUTLANTNNITUNIANUTUUTLENSHAVDINITDUWIAIT

annznzay lRannAuduNUSAIENNIS (16)

slope~L2 (16)
D('/f = 2
T
d' A % a ‘§ 1 dy 2 .
kB D A AUUITEANTNITRNIAINTU (M*/min)
ef

L R AUAUIVDIAIDES (M)

a ¢ 4 Qangll
7. MSAATIZHADLABSUINAIA
A1 a,, I0AeLAIIIN a, meter (810 Aqua Lab U Series 3TE) Fauande a,, 80N
< Y] Al (= 1 a 5 1 = o 1 0% 1 o [
Jusaenlafiviay dansus 0 fa 1 Ingurlumisusuwislundazaning 31uau 3 n3u lneg

wwseazlaialunisinan a, Nelu 5 U9 INUUATDIVLLERINAUUALIDNSDUTUTINAN

8. N15IAIITNAE

AN5IATIEAAUN NI UFVD I UNLB U UL IT L ATRaTndaLUAlaSIWInTLA DS

9

¥

(Spectrophotometer) 898 Hunter lab §u Mini Scan XE Plus N1534A318%@ 98 3LAT189i0

(el

Al

s5UU CIE 1AgNNSILASIZNIAG UNYBIANAINNATNS (L*) Adwadwasdildien (@) wasad
& a8 a [ T . o
WMAILaTEUINY () hazAIAIUWANAELAgSIU (Total color difference, AE) Taaand

a1115aAulalaNaNNIS (13)

9. NNSEANAA2DEY
aa 2 L% 1 o ada aa o 7 1 v
ITNTENAFAIDE19ARLUAINNIINTD (3R WaLANY, 2561) NSANARIDE19IAILLENT

28 1n8U1979879 5 NSU @NAR8LENIUaANLLINTY 75% (ngUSuinsaadsuing) 50

=

<

adans Wwan 30 w1l andudansadailalunyumisan 5000 seusiewndl Wuan 10

)

a

uil N303MIENTEATENTEY Whatman No.1 tiudied1sldvinUaain inuiaamgil -20 °C

9

AUNINALUIUNIATIEH
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10. N15AT1TNYSUIUEITUTTNRUNURANNIUA

'
[

a e a O Y  aa . . ada as
WATIENNUBANMINUANIYIT Folin-Ciocalteu reagent ANUIEN ALUAI91NITNNT

| a

284 (Onanong Kaisoon, 2011) 1agi1@10819U5u195 0.1 Aadans ldvaoannass LA

a

ansavarelafaun1susiun (Na,COs) AUNTU 2% QagutaneUsuing) Usuins 2

(%
o a

faddns wanliidiiu Unuinvaensienseny naseanseganegs INUULANa1TazaIe

=

Folin-Ciocalteu phenol reagent adly 0.1 faddns naulidniu anuuneliigumgivies
w1y 30 w1t dldinAganduuanielaies Spectrophotometer fiAIENIAAY 750 Wl
R AwuAUIuasUsEnauuadnsuivuaiuiunsvlinsgIunsaknada (Gallic

acid) sreuraliununsALNadRRENTNUIMTNUIA (S Gaic acd equivalent 7 € dry weight)

11. MM59ATITIUIUIUNEISNANIUIANINUA

ada ¢ X Y aa y 3 add o aa

WIATTINa I UBEANIUUARI83T Colorimetric AU NRALUAIINITN15VD
(Wanyo et al., 2011) i3gufiege 0.5 Jaaans tdraoannass Uiatinau 2.25 Jadans
WY NaNO, Audutu 5 % (Ineuianausuing) 0.15 Jaaans waulmandulasaanal) 6
9 nuudiue AlCl; 6H,0 AMsdudy 10% (neulasousuing) 0.3 fadans wanlndd
funagnell 5w naINwEL 1 luans NaOH 1 fiaddns diluinFinisaanfuuasiiey
LATBISpectrophotometer NAMNE1IAAY 510 WluUAT AWaAIUSUIaE THalues

MmuaisuiunsmuInsgIuAedau (Quercetin) s1e91unaldunsuinlediusensuimnin

bbIAN (‘3 Quercetin equivalent/ 8 dry weight)

12. m's%Lﬂiﬂzﬁqm‘émsﬁma%aﬁaiz

12.1 3% DPPH radical scavenging activity

Judinsesigninisduoyyadasy DPPH audn1siidaudasainisnisves
(Shimada et al., 1992) uay (UsznInssa wsnuisyna, 2551) Heas 2,2-diphenyl-1-
picrylhydrazyl 0.1972 nu Mntulsusinassswmueady 100 dadans axldansazane
DPPH Wudu 5 fiaaluand Uinansazans DPPH dun 2 fiaddns Y3uusuinsieiumiuea
100 fiadAns ¢léarsazats DPPH iudu 0.1 fadluand (@sazasinisnioulninnads
nouldau)

YUnsneg1s 0.1 ml ldlunasannass WWua1sazate DPPH udu 0.1 Jadluans Tu
wiuea 2.9 dadans welidiuuds selsluiiiiauny 30 it (uiiiie) wieusurhseds

AIUAL(Control) Wsea1savaie DPPH Mlified19ansana Iinseisn1siediu a1ntiu
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UlUTnAINISANAULAIRIBLATEY Spectrophotometer f1AI1NE1IAAY 515 w1lulinAs

s1891uNalduAn (%Inhibition) AUIUAIANNIS 17

A 4
%Inhibitio n = MXIOO (17)

control

1ng A

sample

AINIOANTULENYDIYANAFDY

control

12.2 733 FRAP assay

ANIIAANTULEIYDIYAAIUA
Huitiiessvignidnueuyadaseieifimdlesinvesansiueyyadase A
FBnsfifaulasanisnisues (s wmwmes, 2555) in3esansazany FRAP reagent Tngsay
d13avane Acetate buffer pH 3.6 @13aga1y FeCl; @15avany 2,4,6-tripyridyl-s-triazine
(TPT2) Tu 0.5 Taran HCL Tudnsndau 10:1:1 muddiu Mntuedeuansdiedns 40 Tulasans
naufuingy 120 lalasans uazansazane FRAP reagent 1200 ullalasans masliidndiu
wazanald 6 i ﬁﬂlﬂi’mmmi@mﬂﬁmmﬁwm%a Spectrophotometer fin1ue1IAdY
593 nm AurmganduuadlasiUssuifisuardildainnsnuinsgiuves Ferrous sulfate

(FeSog) kaneAtuzuued M Fe?'/g 4y weigt

13. anuduaawmdsnuInwizlun1sauuie

lunsguiuniseuwis ndsunldluniseuuis wduandan wasndeunliiu
Fanouwis Felaun wassuaudou wasuliiy Wusu Jetagiueannssudiulungay
oy a o ¢ @ o v & oA v Iy 44 @ Y 44
yatufenunimeandusiuasnaeuild dupe sxdesliduliemdnu audulies
WAIUT U (Specific energy consumption, SEC) As walsunldsaUTunauinfsee &
[d ] [y v T o aa e a <
Judiunduresdnsinissemeindnne @ands wavame, 2555) amsadsuduanns

ANMUFUNUSAIFUNTT 16

SEC— Pe x 3600 (1 8)
Wi_Wf

We  sec A9 ANAWUABINSINUT NG (KI/Sater)

. fe walumieuneusuuiis ()



a3

W Ao wialundaundeu (g)
p Ao USunaunasauily (kwh)
TPeAIAUAULUAINEINUT W Wudusdiuseansannisiandaanuls damnnan

SEC a9 agiuszansnmmsldndsaun wagninen SEC i1 aviiusganinmmslandsanugs

ANSIATITAN9EDH

HANINAARIN IIAZUINIATIEALA A ENENIVINITN D AVBIAMAINNNIEAIN
wazmaadl lagldnisiiaseiaanuuusdsiu (ANOVA) melusunsuneufinmesdnsagy
SPSS (Statistical Package for the Social Sciences ) LLazL‘U%EJ‘ULﬁ&JUﬁi’lLaﬁaizﬂ’iNﬁmmi

Q! a

nnaadlagds Duncan’s New Multiple Range Test (DMRT) @sfiansaunanfiainudosiu 95%

(p<0.05)

#01UNALHUNTINY
ALiuNINAaUMoIUURNTS (E215) 91ANSL38UTINAIIAINTININTT (WU
UnAnwUSanly wag USayien a1unieingsueIvig) AnEIAINTINLAL RaIYNTINNYNT
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1. nMsAnyIRIaUNafAIaRsYaIN1saulundauRIuUNISaULiIR8auS DU

n1sfinwinavesniseulunteunisauseu Insguungiinldluniseuuia fe 50 60

v

wag 70 °C 1AW 18 N1sauluniauazilionsinislasuilainnuduanadilossesiian
N5 ULARANNINTU TA8AILINTATIFAIUAIUTUVDIAI081992LANNITANAIDE195I915)

INUUILANAIBENT 9 wazANlutIwelUIUNTENIEUAANTLUIUNMTOULI UBNIINUKA
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JahlmAnnisanemeusoutazulalaniu Jedanavinliinssigeanaindlregnalasitu
A0AAARINUINWITEYDY WY Lyadani (2557) NMSBULASENNIIELHN WU NISOULIIANSDU
Ngaumgil 60 65 70 uar 75 °C AgnTINTOUWAIgLTaLiNguuaTluN1Ta UL LazA)

duuszansnsunsanuulsEaninagumginisouuia 50-70 °C fAeglurig 6.25x107-

s
a a 1

13.92x107 m’/min #n13gaunillun1seunigeardinadonisiiua duUseansnisuns
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AT 18 ANUFUNUSVBIONTIAIUANUTUNUNIAN VDI MUNLBUNHIUNITDUWIAIA8 AL DU

UG : HA FiD N150UNIIIEaNTaY

A519% 4 DRNIINITOULIANRAY ANFUUTLANTNITUWNIAMUTUUTLENTHA 1IANDULAILAY

Auugavnevedlurdauiun1seuwiImyauseu

Sample Drying rate Dus x 107 Drying time Final moisture
(Suater/Sary mass,"Min)  (M%/min) (min) content (%w.b.)
HA 50 °C 1.84+0.32° 6.25+0.09° 213+3° 8.81+1.02°
HA 60 °C 2.24+0.29° 9.31+0.16" 135+3° 8.29+1.12°
HA 70 °C 2.81+0.25° 13.92+0.08° 105+3¢ 7.08+1.10°

o w

MW : - Mnysdsiuluredullansnuuanasiuegeiidyd Ayneaiia (p<0.05)
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2. NMSANEIHUUIIABINITOUMAIVRS IUVHBUNNIUN1TaUWAIRI8aN5 U

LuUsiasInseuLtadunissiassnsaiamenudounazinamiuiuluseninanns
auws Geazdaelidnlanalnnisaiomaudounazuiaansluseningnsounia 91013
npasIn1souLidlunioufsanfouiigumgil 50 60 uag 70 °C axidoyanisouuiain
ﬁwmmmé’mﬁmumm%yuLLazﬁwwamsmmammm%mﬁwﬁ’ugﬂquammssumt,wmﬁ’wam
Y834 Newton, Page, Henderson and Pabis, Two term, Modified Page , Logarithmic,
Verma et al. wag Modified Henderson and Pabis ImagﬂLLuuauma‘ﬁa%ms;lmamimaaa

v A A 2 = A ° i cs'
leananazien R? gean wansdagmuninvesaunsidanumangaslunisiuny udlusaed

9

A1 RMSE wazan X2 1lurimisifitnesnieadffildvsvenanuianainlunisiiuiean

'
o

LuUiaeINTULKITsRziiaian namsAnwuuuaewsadinmaniveslusioufioa
You A1m19197 5 uanaAAInIIde i Larn1TIATIERad AL UUTIa 09N
ANNAANITDINITOULY N1SANYINUTUUTI889U83 Logarithmic au1savinunengfngsy
nmsevlumisusneanfoulfivunzaudige 1iesanilen R? ga Fadld1egras 0.993-0.960
uananiliiAn RMSE uazen X7 s daflroglurag 0.0041-0.0093 uaz 0.80x10°-4.28x10°
ANUEITU Wl INEERNITINRARINANISYINUIEEI8ANNTS Logarithmic WAZHANISVIAGDS
nseuluneuseauiou fanwd 19 audiuldinduldmnnsiuefmewuuiiaesaunis
U843 Logarithmic asnsasiunenanisvnassléd dsaenndostunuisoves oyas
warAay (2555); Rayaguru & Routray (2012); Miraei Ashtiani et al. (2017) fimuin
wuUsaeses Logarithmic Sanumnzaslunisyhunenisddsuudasaudueddume

waUWA ALTEMNU MUAIAU WININTLAAIUIIAIANNAAIALARDUYINSUTUNLBUAI8 AL

Souilonumgil 50 60 uaz 70 °C Mi¥eraz 0.13%, 1.35% wag 0.54% mudFu



A15199 5 ARSIV UL DUNHIUNITOULIA8 AN DY

Model Temperature Empirical drying Analytical parameters
°C model constants R? RMSE x2x10—6

50 k=0.014 0.992 0.0043 0.89

Newton 60 k=0.018 0.950 0.0101 a.87

70 k=0.027 0.976 0.0070 2.88

Page 50 k=0.01, n=1.078 0.995 0.0036 0.63

60 k=0.016, n=1.016 0.952 0.0102 4.90

70 k=0.03, n=975 0.975 0.0069 2.87

Henderson 50 k=0.014, a=1.01 0.992 0.0043 0.89

and Pabis 60 k=0.017, a=0.97 0.952 0.0098 4.68

70 k=0.026, a=0.983 0.977 0.0069 2.82

Two term 50 k;=0.014, k,=0.014, 0.992 0.0043 0.89

a=0.519 b=0.491

60 k;=0.017, k,=0.017, 0.951 0.0098 4.68
a=0.509 b=0.461

70 k;=0.026, k,=0.026, 0.978 0.0068 2.82
a=0.236 b=0.747

Modified 50 k=0.010, n=1.078 0.867 0.0197 17.70
Page 60 k=0.016, n=1.116 0.951 0.0109 56.70
70 k=0.030, n=0.975 0.962 0.0084 a.17
Logarithmic 50 k=0.013, a=1.021, 0.993  0.0041 0.80
c=-0.02
60 k=0.016, a=0.984, 0.960  0.0093 4.28
c=-0.025
70 k=0.026, a=0.986, 0.987 0.0068  2.760
c=-0.005

NN : K, ky, k, ADAIAINNTTBULY; n ABAHNTaULIY; a, b, ¢, g, h ABAAIi

LUUAADY



A5199 5 ARSIV LU AUNHIUNITOULMIAI8ANS DY (51D)

Model Temperature Empirical drying Analytical parameters
°C model constants R? RMSE xleo—é
Verma et al. 50 k=0.02, a=18.942, 0.864 0.0177 14.50
g=0.02
60 k=0.023, a=38.717, 0.870 0.0156 11.41
g=0.023
70 k=0.031, a=13.499, 0.951 0.0096 5.40
g=0.031
Modified 50 k=0.014, a=0.335, 0.992  0.0043 0.90
Henderson b=0.335, c=0.341,
and Pabis g=0.014, h=0.014
60 k=0.013, a=0.857, 0.964  0.0089 4.00
b=0.719, c=-0.623,
g=0.013, h=0.009
70 k=0.026, a=0.328, 0.977 0.0069 2.82

b=0.327,
c=0.328, g=0.026,
h=0.026

NUBWA : k, ky, k, ADAIAINNITBULIY N ABAIAYHNTBULIY; a, b, ¢, g, h ABAAT

LUUINRD9
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AN 19 ANUFUNUTIENINONTIEIUANUIUNULIANLUNITO UL ABANS DU B UNU
LUUINaD9 Logarithmic
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3. N1SANYIANUANIINIYAINVBI I UNLBUNHIUNITIULAIN 8 AU DU
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HavasantAnnen ndilaun Anemesuoniiniasdveslumisundiniseuni
AgauTouNgmMall 50 60 uaz 70 °C uandluns1eil 6 Fawudl N1seULiINgamgil 70 °C

dealvidnewmesieniinvesluvdeuiia1desiian luvaeNaamgl 50 waz 60 °C dA11e

9 9

o

L4 aady 1 | (%) 1 a o [ aa ' 1 =3 A a |
WaswanAIR iunna1siueeg1eiitdn UNIIEDR (ps0.0S) wrvg19lsAnUTaNRINTUIA1ID

a ¥ 1
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Unsenduinia lusduuudfisenisiinduinianiseieieulssl (Enzymatic browning

v !
o Al

reaction) wazUfisensiinduinanlienfuieulesl (Non-enzymatic browning reaction)
fefulunsiisuifieuaunmavestundeusuuiaiigumad 50 60 uay 70 °C THszuud CIE
(L* a*uay b * Ingazitiunisidsuntasaimiuaing (L% / anuile (L) dadunansenu
MnmaAnURRseEMa uarmaisuwasmesimududuas @) / Al (a9 Fady

Hansenuresnsanidsssningdideluseninanseuuis wenaniifadnwinisiuaeuulas
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AunmaElusEissouuiegluguresanuuanssdlaesan (AF) Tneiduddivsuenis
Fasnsasundasdlaesuvesluniousuuisiigamaiivng 9 Tnewdouiiisusudly
niauan INN1TANYINAVBIRUNNLUTENTNTEUIUNITOULA IR I8aNTBUADNIT
WasuuUasdlumieuwsis wuin figaumndl 50 60 wa 70 °C lildwasiormnuaing (L*) uas
Amududinies (b)) widwwareamududien (%) edrslidedrAynieadd (p<0.05)
eldgamgiluniseuuisgetudmarililumieusuuiaiimanududider (a%) anas Tasd

gaungdl 70 °C fieaududiden (-a%) drfign Feerainannisldaaumgiluniseuuiily

9 Y

misugeililundeuiidgmadesimaninulagiinainufisendunia (browning reaction)

a o a v | A v ) ¢ A aaa s . . Y
gianeoiwazlineitesiuoulyl wieufisewaaisa (Maillard reaction) @onndos

o Cs

AUUIE (qNBTe BAITITUS wazANY, 2559) WU NFOULINIINARDAT L a Way b 1o

£
v =

RaUMNIIUNTRULINGIUALIIIYAY L a uaz b anads lngnsldgamaiiluniseunigeas

Y

1%
a Yoo

o v 491} o a [~ aaa 6 n"jcu 1 v a
ibiiednleddduiuenaunaunanufisenuaaisa uanantdanudn N15ouwLAed
a o a [~ a a % a = 1 =~ o = [ =
gaumQil 50 °C HArAuludided (-a%) gefign FaUsvenfednsInsadsseningvie
AaBLsHAa lUSUIUAN LBRANTUIAIAIANULANANNALABSIU (AF) 9890150 ULIANSDUN

gaunil 50 60 wag 70 °C Wiaiiguiuluniouan wui aaumgiiniseuwislunsisuiinasion

o w a |

ANULANANELAETIN (AE) ag1ailtedeiny (p<0.05) Inegaumglgedsmarilvlundouuiad

Y

[
1 1 = 1

AAIANHLANAINELAETI (AE) WLTUBEETEEAYN19ada (p<0.05) Fangaumgil 50 °C &
A1ANLANA19ElAESI (AE) Woaniga oralunaunaingamgdnldluniseuuislias

uiulualdluhanessainguseansividveslunsiou

A5199 6 IATITAAUTRANINIAINYDY TUNUDUER LAz UNLBUNNIUNITBULAIAIEANS DU

MM AT
Sample a, Color
L a’ b’ AE
Fresh 0.92+0.01*° 42.95+2.56° -8.46+0.49°  24.70+0.83° -
HA 50 °C  0.54+0.04° 39.73+0.44° -7.56+0.40°  21.90+1.09°  5098+1.11°
HA 60 °C  0.50+0.03° 35.51+0.51° -6.41+0.16" 21.79+1.24°  8.21+1.15°
HA 70 °C  0.43+0.02° 33.70+1.27° -5.89+0.40°  20.98+1.52°  10.45+0.77°

CY-)

NUBUA : - frgnwsnseiulumeduliansauunnd1aiveg1elitedAyneads (p<0.05)

- HA A8 NNSAUWINAILALSDU
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4. N1SANEIANUANILANVDIIUNUBUNHIUNITOUREIA8aU5 U

'
o =

nFIneiasUszneunquilusdniduaisnqudrdgdadiaudilunisinusendindu
g iduanslididneseunseidudilalasiauuneuyadass Jvihbioyyadassiadu
ludfn3ervzgniinlinluarsfifianuaiesusedauasdiuintu Jan1smiUsun w
4137U5ENaUNUe AN TIMNAAINTaAI UL TIBUAUNTINUIATIIUYDIATALAENTALNARA
(gallic acid) 31nM151991 7 WU NISOURAINIQUNYH 50 60 war 70 °C AnadaUIuiu
a1suszneuiiuednvianun a1svaliuegaianun uazgnsaisiueyyadassvasluniou
ag1ailudAgyn1eadia (p<0.05) lnedigumngil 50 °C AuUSunuaisusznauiluednnanue
11NN 60 Wag 70 °C

a L3 ¢ & 1A a = = U £% a v

nyieszvraliueualuaisusenevlunguiiuedn dellaudilunisiusendindu
197 esannlassadomaeiivemaliusedanunsalididnasou viselalasiauunoyyadase
o 9 ¥ a & a o Y & = o U A aaa a o vy
ilmindueyyadaseniiaunsiiuiniuy Jiedudmsenisveasdisereendinduls
(Calabrone et al., 2015) namsInsgvivsinaasHaliuseanmuavasluntoungumgil
NsUANY 9 wudmseulumdeunigamail 50 °C duinaasraliuesngn

MIBATIEigrsansiueuyadaseaie 1,1-diphenyl-2-picrylhy-drazyl (DPPH) 1lu
Uszangnmnisannlunissiudaniu DPPH Neglusleyyadassiatiosegluansazats lng
DPPH fio euyadassiladesuazanunsoiudidnaseuld Wisldsuezaeulalasiauainiuana
4' o v A < av & a a (3 £ £% a
auagviidsululuananliiluesuyadase nan1sinseignsa1siueyyadasevedly

vilounguunnin1saulnsg 9 wuinniseulunsleunigumngil 50 °C gnsansiueyya

U

a

dasygaan
Ferric Reducing Antioxidant Power (FRAP) Assay tun1sinanuanunsalunisiiu
a & & a Na e o a v < a 34+
AUYABATENIMUATUANIINATIATG Tneldansusznouiliesdouveunin wesa Fe’ Ay
TPTZ (ferric tripyridyltriazine) laa1susenouidstouvesnaninesa Fe?* fu TPTZ Fadidun
{U UAEQANTULAINAIINYIATY 593 UIWUAT KANTIATIENONTAITATUOYYADATE VDS

a

lunidoungamgiiniseuwiing o nuinseulunieungaumgil 50 °C flgnSarsiueyya
Desvedn

INsANWIATUTENOUTURANTIVINA WalIueuaA A uazgVSaNTAUBadaTy
vaanseulunisusiganiou wuit mssuurslundeusigauiougaumgil 50 60 uag 70 °C
N a = a & ¢ & <£ v a -
fUSnauansuseneviiuedniienun waliuesdnimue uazgnsasaiueyyadaszanadlile

= o ! = o a a o = a A v o a
WlEJ‘Uﬂ‘UI‘UWiJ@ua@ IWEJNLLU'JIU@JIU‘V]FTW'NL@EJUﬂu LUENﬂ']iLWNQ&!‘V]Q@JIUﬂ'ﬁ@ULL‘WQ‘V]&I’]ﬂLﬂu
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[ a o

awluvhangnisdugseuyadaszanas o1 liinannsaaieiivesansniaudalunisiiu
oyyadasuilolifumnuouguiuly Jeaenndesiuanuids ud wazans (2559); uFuns
wazAy (2560); Jans wazdsss (2562) wazimu (2561) IV NS AN INAYDINTOULAT]
astoasiuauLadaseylulsisyy Y uAur1e vileldneduuds uazansusenauiiuednnsy
Fouiden audidu wudn nseuuisiigumgigsdanarinliansiuenyadaseiidanas
uenaniinseunisaufouigungd 50 °C fansusznaufiuednitanun sialausedvienu

o w

LAz NSETAUAULABATEINNIIN TRV Ng M g 1aildud Anyn1eadia

a

A1319% 7 Anseantinisaivedtuvsiauan lunteuniiun1souwisigamaisnige

Y

Sample Phenolic Flavonoid DPPH FRAP
(8 Galic acid (8 quercetin (%inhibition) (M Fe?*/g 4
equivalent/ S dry weight ) equivalent/ S dry weight) weight)
Fresh 0.89+0.10° 0.51+0.06° 96.09+0.56°  17.84+0.71°
HA 50 °C 0.62+0.01° 0.35+0.01° 81.08+4.35°  7.40+0.11°
HA 60 °C 0.45+0.02° 0.27+0.03° 70.77+3.65° 6.52+0.48°
HA 70°C 0.36+0.02° 0.20+0.01° 64.37+2.37%  5.23+0.12°

o w

B : - Mdnwindsiuluredutdvanianuuanaeiuegelitedfynieadia (p<0.05)

o

- HA A8 NSAUIAMILANSDU

IR TUIINNANITIATIENIFUUANIINIEAINLAEZNILATI VDL UL D UN D UL
meausauguunil 50 60 uag 70 °C wudn lunsleuiiouuiegaumgil 50 °C dmdlnalAgariy
luvalauan wazlUTunaasusenauiuednnviun Na1lauegavaniakaNSE1IAUB LS
a a" 1 1 I3 a ::l' v d' a o 3 %
daszuniign usegnglsnaumniinsanssegnafldluniseuwisngamgll 50 °C W 14
LIATUIUDY 210 W 199 3.5 92139 N5 hUTEELLIANNITUBAINENIUIUEINITOEIHNA LA
AuuNsEnduLarksIUNay duisidunisandununisnds Ilatidunssed

1Y

[ 1 1 [y 2/ = a Ie) & ! 1 1% 1
AR €] ANTINNUANTDUNID LN 50 °C Wuwrasnuseuluniseulislunsiou
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nsANEINTITEULASIUMiauA8BUNsILSATINNUANS DU

1. MsAnwvaunamanivaslunisuiiniunsousidiedunsusasuiuaudou
uansnyatevestdedunsusniiuiuauieuiigumgd 50 °C dedarendulu

Tumlounanssannd 20 Tnodnvarmsdsuwlawesnsanuiululumioulidneus

adrefumseULIdsantoude Weszernainiseuwiiuiuiusnsidunuiuazanas

1aNINUNANTITANETUAITIN 8 NUIINITOUMIATAIFIDUNT A 250 500 wag 750 W L

[ o w

ANARDONTINITOULIS LAdINasaAIduUTzaNSN TN ANLTUYSEAVSNang 1l d ATy

N9@dA (p<0.05) IneMaedunsnsn 750 W HAduUseansn1sunsanudulssa@nsuage

v a

n31M89BunTILIA 500 kag 250 W LHesannsiiiuidsdunsisadanailvaiudule
melusaznisusnvedlundeuwnneiuuniu vilidneadeunanmeluingniesuentes,

Ju TurueNa Nl lun15 ULAIBUNTIATINAUANSBUTUILNITAUNIINIANTAIUT UV

o v a

Tundeuiiadoandn 10% §1ullen Uu%. (2557) FaNUIIN1TBURAINAIGIBUNTILIAES

A101508A528LLIA I UNITOULTILANINAIINITOULTINAIAIDUNTTAR TAg AN1AY

o

dunswsa 750 aglianlun1sauwiiatag NINNNIaIdUNSILSA 500 kay 250 W AuaIaU

L9991 AIS B UNI TR 8 TUASIUNA UV INUIENUNLNTY FINanBdnT)

o

N158181UNSIUAIUSDULALENETAULIAVIAINUTULALINTU UBNIINTNANITNAADIE

NUIT FATINITOULNBRAUWAEAIFUUTLANTNNTUNIANUTUUTLANSNATDILUNL DU AN

1Y

wasnuseududunsnsnsivanioulidrgeniinisidauseuiisssdaferegaiiud Ay
neand Jsdanalvinnainldluniseuuisnisdunsisasiuivanseutosniinisidauseu

gauuQil 50 °C fie 1.73 1911 LH18931nN15e Ui ulslsasuivadsauaziinn1saemaIy
Founanismauseunazsnsuisdaueuludaaanionsiu dmalithngluianlasu

q

nawuIINauTeuNtIdulaLasNsuHTERNTeuludinelutanlalaense vilvunviag

Y

meluiletangnarawludienniawindemnsiniinisniseuwisineauseuiiessdauieInis
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181198505 NTEAUNRM AR LU 1NALINADUN DU
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AT 20 ANUFUNUSVBIONTIAIUAINUIUNULIA VD MUNLDUNHIUNITBULITIAI8DUNT T

aunuansaulngltansaun 50 °C

WA : FIR Aa N1spuliemedunsnsnadulng; HA Aa n1seuwismeauiou

A1519% 8 DMIINITOULALRAY ANFUUTEANTNITUNIANMUTUUSLENTHA LIAINITOULAILAY

AuFugavnegvesluvtiauiun1seuwiImeBuNsLsATINAUaN T

Sample Drying rate Degr X 107 Drying Final
(Swater/Sary (m%min)  time (min) moisture
mass MiN) (%w.b.)

HA50 °C 1.84+0.32° 6.25+0.09° 213+3*  8.81+1.02°

FIR250 W+HA 50 °C 3.36+0.31° 13.06+0.23°  128+6°  7.59+0.35°
FIR500 W+HA 50 °C 3.44+0.11° 13.94+0.08°  123+3°  7.29+0.38"
FIR750 W+HA 50 °C 3.53+0.13° 14.58+0.19°  106+3°  7.09+0.40°

N : - Msnysnsiuluredudkansnuuansiuegilidyd Ayneada (p<0.05)

- FIR A® n1saukvasmedunssnraulng, HA Ao N1SauLienisausau
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2. NMSANEILUUIIABINITOUBAIVD L UNHBUNNIUNITOURAIA 18 DUNTILIATIUNUANS DU

HANISANYILUUIIABINNANAAIAANSUDINTITOUWATIURLD UM BB UNTLITATINAUAL

§oU WU WUU1809UBe Modified Page @ansavituiensildsundasaiuduvesluntdeu

a

fimseuurssnedunsusaldimnganiign esanilen R? uraa 0.993-0.986 Tsfiinga uaz
fiAn RMSE wazein X2 i Badlrnogfluting 0.0057-0.0085 wag 2.45x10°-552x10° md1sy
(151991 9) 1l mmAonnsIanIHANITIUA8aNNT Modified Page LAZHANTS
npassnseuwsislunteufisaniou faamil 21 aziiuldindulfsainmsinedae
LUUSA89aUN150ULTITEY Modified Page anunsavuienanisnaaadléa Jsaenadasiiv
UITB09 401550 wavAme (25559) Fanudtuuudiasiues Modified Page dlAdnu
wanzaulunsvusnisivAsuaseudurestyy uenanildmunumuaandon
voaniseulumeusieanfoufignuall 250 500 uag 750 W fi¥evas 0.14% 0.32% uaz

0.69% MUAGU

A15199 9 ANAITNIVBILUTUBUNHIUNITOULMIAIEBUNSWIASILAVANS DU

Model Power  Empirical drying model Analytical parameters

W constants R? RMSE xleo—é

250 k=0.018 0.914 0.0177 23.79

Newton 500 k=0.020 0.968 0.0107 8.68

750 k=0.021 0.937 0.0148 16.70

Page 250 k=0.003, n=1.454 0.980 0.0108 8.87

500 k=0.007, n=1.245 0.991 0.0066 3.20

750 k=0.005, n=1.356 0.985 0.0085 553

Henderson 250 k=0.019, a=1.067 0.939 0.0157 20.81

and Pabis 500 k=0.020, a=1.039 0.971 0.0104 8.68

750 k=0.020, a=1.356 0.986 0.0085 5.48

A a v A 1w oA v A a
VAR : K, ki, k; ABAIAIVINNTIULYY; N ABANNYUNITOUWNS; a, b, ¢, g, h ABAIAIN

LUUAA0Y
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Model Power Empirical drying model Analytical parameters
W constants R? RMSE X2x10'6
Two term 250 k;=0.019, k,=0.019, 0.939 0.0157 20.81
a=0.503 b=0.564
500 k;=0.021, k,=0.021, 0.956 0.0095 7.53
a=0.520 b=0.520
750 k;=0.022, k,=0.022, 0.978 0.0068 2.82
a=0.524 b=0.525
Modified 250 k=0.017, n=1.454 0.987 0.0085 5.52
Page 500 k=0.019, n=1.245 0.993 0.0057 2.45
750 k=0.020, n=1.356 0.986 0.0085 5.48
Logarithmic 250 k=0.014, a=1.169, c=-0.133  0.974 0.0115 10.79
500 k=0.017, a=1.097, c=-0.082  0.994 0.0053 2.27
750 k=0.018, a=1.111, c=-0.085  0.977 0.0103 8.50
Verma et al. 250 k=0.035, a=89.562,¢=0.035  0.497 0.0481 171.05
500 k=0.035, a=62.457,6=0.035  0.657 0.0368 100.22
750 k=0.038, a=96.864,6=0.039  0.565 0.0890 582.41
Modified 250 k=0.019, a=0.772, b=0.147, 0.939 0.0157 20.80
Henderson c=0.147, ¢=0.019, h=0.019
and Pabis 500 k=0.021, a=0.775 b=0.142,  0.978 0.0092 7.96
c=0.142, ¢=0.021, h=0.021
750 k=0.022, a=0.799, b=0.125,  0.951 0.0156 1.51

c=0.125, ¢=0.022, h=0.022

a | ~ v a v oA v o | ~
VUGN : K, ky, ky, ABANAIVINITOUWNY; N ABANNYUNITOUWNY; a, b, ¢, g, h ABANAIY

LUUINRD9
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W FIR250 W + HA 50°C

0.80 © FIR500 W + HA 50°C
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= ¢ FIR750 W + HA 50°C
O 0.60 -
© —— prediction
g
3 0.40
©
=

0.20

0.00

0 50 100 150 200
Time (min)

AN 21 ANUFURUSTENININTIEIUAMNUTUNUNIATIUNNTOULAIAILDUNTWSATIUAUAL
Soulaglvanusoui 50 °C Wisuiukuuidnass Modified Page

nu8LAe : FIR fig nsauwisneBunsnsnnaulng, HA fie n1seulismeauiou
3. NSANWIENUANIINIYNINVBI I UNUBUTNHIUNITIULAIN8DUNTUIATIUNUANS DU

el' r-:l' 1 [ Q‘Qdy 1 a 1 r-:l' 1%
INKANITNAABIUATITIN 10 NLARIANIBLHBSHBNAIR aAAYDIlUNLDUND UL
P18BUNTNIATIUAUAUSBU WUIIAIAIIBLABSWENAIR LUlUNUBUNAINITOULAIAIY

SursusasinivanioudiAianadain 0.92+0.01 Tulunieuanuiegluyig 0.40-0.36 Jadu

[

YIANUINTFIUYUYY IAENAIINNTANITINUIMSBUNTUIAlldInana ABLmBIeN-

v o w a

ednsditodrAgneadd waegrelsinuiiefiarsanAenesuonAinlundounaInig

3)

(%
1 Y !

Ui UL IATINAvaNSaun a9l nudlanemasweniin

L4

aanIlundaun

o w

gaunilausou 50 °C agrelitiadrAyneans

uennilraveslundeuiieunteedunsisniia fuauseuditideneg ey
aie (L9 Arenududmdes (b%) wazArmnududiden (%) anandledfisudulumisuan
Tnenseuuisiimdsdunsnsasneg lidwasermeuaing (L) wazmaundudindes (o)
widanasarnndudiden (a*) egsdldudfuvieeEda (p<0.05) Tnensfiufidadunsise

danavihlienanududilen (%) anad 1HadINAISRUAIAIDUNIT IR TUNITRUNE Y
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= | [

ANNTEUNINTU FdanavibalasuAuTounTuLasit lUiaessnTnguseanslvdvedy

o w

vl WeNiadunsLsn 250 W fid1anududiden (a%) undian wasdalnalfesivly

A o

pauan TUTUENANSIDUNTITA 500 wag 750 W hazn1sauwissgausaun 50 °C danl

1 L 1 a o o L d"l ﬁl o a U 1 a
waneineiueg e ldudAy (p<0.05) usnaniliflovin1siiarsanAtmuLana19909d (AE)
20l UMD UBULEIAI8BUNTIUIATINAVANTDUNAIFIRN & TINTITNITOULTIAILaNTOU
gaundl 50 °C Wisuiulunieuan wui1 AALLANF1TesENNAIet1TliTANwANAT9TY

o w

SRR R IRRERE

A15199 10 IASIETEUNURANIINYNINYBILUMLBUNHIUNNTOUMAIAEDUNTWIATILAUAL

Sou
Sample ay Color
L a’ b AE
Fresh 0.92+0.01°  42.95+2.56°  -8.46+0.49%  24.70+0.83 -
HA50°C  0.54+0.04° 39.73+0.44° -7.56+0.40° 21.90+1.09° 5.98+1.11°
FIR250W+  0.40+0.08°  37.79+0.73°  -8.36+0.15%  23.20+0.47°  553+2.03°
HA 50°C
FIRS00W+  0.37+0.03¢  37.76+0.10°  -7.43+0.04°  23.05+0.10° 5.77+1.85°
HA 50°C
FIR7T50W+  0.36+0.04°  37.58+0.07°  -7.52+0.26°  23.06+0.26>  5.87+2.03
HA 50°C

o w

nuBg : - fsnysidsiulunedulkansruLansaivegeilitud Ay neada (p<0.05)

o

- FIR Aa nsaukmangdunssandulng, HA A nsauLianigausau
4. N1SANWIANUANINANVDI IUNUBUNHIUNITOURAIAEDUNTILTATINNUANS DU

d‘ a a | a g.J/ 3 gj Q‘ ¥
WaasanUsuiaasusenauiuedniianua waliueeaania wasgnsansau

auyadaszvesluntauinIsTouwisdunsInTINAUANToUTWARlUR1T19N 11 NUTIIAS

dulsusederasioUSunaansUseneuiluedn Wailiuegdnmun uazgrsansiueyyadase
a9 TNydAYNI9a@da lnon15ouniea18dunsILsaNnIgs 750 W sauausau 50 °C
a1susznauiluednyiavan WanliueganIvun uazgMsasAuouyadasyaeds DPPH uax

FRAP dldnasga wenantillevinisilSeuiiguiuniseuwrsauiaugamail 50 °C wuin
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UsinaasUsznaufiuedniianun slanliuesdiavun uazqrisansinueyyedasy fdtesndy
MsoULIBuNs AL fuandou ieanmseuwisdunsisasiufuandeuldinadesnions
auwauSouT IR ANUS I AeeNTaURT LazN1TOURTIBUNTISATELNsa A RSy
vadlmauvivesanelnawesfinuaegng fu (repeating polymer) wilanUaegasngy
laweseanladvanooninauldidumsifiqnidiueyyadase 1wu vatlwesd ualsfiuoss
wnuiuuay Indsluea (Lee et al,, 2006b) Javilransusenauiiuean wanliuses LLazq‘m'§
A139 U YN TATEEINIINITEULIANTIU ARAARaIiULITEVeY (Lee et al. (2003a) uax
(Wanyo et al,, 2011) #1n15AnwIn1seuwialdand1inarluntau WU N1SOULAS

durlsusateLiiuasAeULARAT uAZaN TUTENOUT AN VLA

A15199 11 IASILTEUUANILATVBI M UNLBUNNIUNITDULAINIEDUNTLIATINAUAUSOU

Sample Phenolic Flavonoid DPPH FRAP
(8 Gattic acid equivalent (8 Quercetin (%inhibition) (M Fe?*/ S dry
/8 dry weight) equivaler®S dry weight) weight)
Fresh 0.89+0.10° 0.51+0.06 96.09+0.56°  17.84+0.71°
HA50°C 0.62+0.01° 0.33+0.02° 81.08+4.36°  7.40+0.11°
FIR250W+ 0.71+0.02° 0.43+0.01° 86.69+0.62°  8.94+0.67°
HA 50°C
FIR500 W+ 0.73+0.01" 0.44+0.03° 88.73+0.94°  9.55+0.66°
HA 50°C
FIR750 W+ 0.81+0.02° 0.51+0.04° 93.52+0.69°  11.82+0.93°
HA 50°C

nugg : - fdnysidniulunedudlansauuand1iueg1aivy

o w

o

dAgyn9ana (p=0.05)

- FIR A® N1sausamedunsisanaulng, HA Ao N15aULAemIgausay
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ANSANEIAMNFUUADINAIIUIUNILVS LUNUBUNHIUNITIULAIA AU DUAZANS

AULIBUNTLIATIUNUANS DU

AANANFRINA I uT Iz vaslundauNouliansausouguungl 50-70 °C
AT ULANAIAUNTUIAMGN9 SIuauTeuigamall 50 °C uandlunis1an 12 JAraiy
audeandeanudinigegluyie 14.98-17.66 ki/g of water evaporated FIHANITNARDY
wud1 Tunsdivesniseuwissigaufouigamail 50 °C 1ANAINAUIURDINGIUTUNIZUIN
= = o % =2 Y = v '
fign wesanldiianluniseuuieuiuia 3.5 92lus FeazianluniseuuniauInningng
gaumgiluniseuwis TuvaieiAmAnuduUdemasud s noaumall 60 uag 70 °C a1l
wansinsiuegelidedAgnieada wilunsdiniseuwisaledunsusasiuivauseunoungll

a

50 °C fAdedunsisn 250 500 waz 750 W diA1Anududesmdsnudnigeglugig 8.63-

1% '
v a

11.08 kJ/g of water evaporated Uon1AUTINUIT NA1898UNTILTA 250 W TA1A13
AuBomdusunzdeniian Tunefidanuauudomdanusinzddds 500 uas
750 W fienliunnsnstuegnadivedfynisadn esnnnsfiudursisadawaritlidodd
wdsulWihiuanniulunseuuie luvaedinadldlunseuuislilndideiug wilien
mAuemdrusunsiianiininnty Seeenndostunuddenseuwislumedieed
urls115a 500 uAE 1000 W gumgiieunsislugag 44.5-64.6 °C wuin legaumgianieu
iy Amdanusunganas ilesingungiianousiniildinanlunseuusis Wefionsan
frdadursusniifinturosuramdsuanudousiy nui Mduns sty dwayi

IA1AMUAUUFDINAINUTWIBLTNTY (BUATY WA ,2555)
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A5199 12 ANAMUAUUADINAINUINNZ VDI UNLBUTNIUNITDULAINILAUS DULAL NS

DULIIDUNTNIATINAUAUS U

Sample SEC (kJ/g of water evaporated)
HA50°C 17.66+0.40°
HA60°C 15.07+0.34°
HA70°C 14.98+0.57¢
FIR250 W+HA50°C 8.63+0.58"
FIR500 W+HA50°C 10.32+0.67°
FIR750 W+HA50°C 11.08+0.83°

o

nugLg : - fnysidsiulunedulkansruuanseivegitud Ay neada (p<0.05)

o

¥ ¥

- FIR A® n1saukamedunsisanaulng, HA Ao n1saukimeausay

INNISANYINITBULIA LUNLBUA B AN DULALDUNTILTATIWAVANSDY WUIT NI
auLIBuNTIIATINAUANTaUIlENITINTRULIIEINIINTOUWEBUNT ISR denavihlldiaa
Tun1saULARENIINISAUWAIANS8U 39.91-50.95% LIaNIITUINNANITIATIEANIEUUR

a

mManenmsaznaiiveslunisuiiniseuwiaiedunsnnsuivanseuaungll 50 °C
wudn Tundeufouwiesmasdunsisn 750 W ldianluniseuuistoenian HiesSnuwinnnng
Tndvissiulundeuan wazlivsunaasusznouiusdnnaun Walaussdavunlazgvsans

AUBULABATEUNTIEA
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dyUunan1sAneLazUaLEuaLUL
ayUnanIsAnen

MNHANINAaBILaE N TILATIEETeyaTldiannseulunteuieanieunazng
pulBuNsIIAT LA UaeuaToaTUNanInaedlal

1. wansAnwAsnseuwisiifinadenisudsuwUasuturesiundeulussainenis
ouuTsigauoulaznssuLtBurisuIaTmAvandeu wui1 narilfluniseulumisuan
ATuENFuaLTAemLtuTend 10 % wasguden ey, 2558) Tnaiiu 213
135 Wwag 105 W17l YesmsouusnEaniauiionmail 50 60 uay 70 °C AuARU YaILTinTg

o v a

AULTIAIEDUNTNIATIUAUAUSDUNNIAIDUNTNTA 250 500 wag 750 W s1uausau 50 °C

d o (Y

TananTun1seuwsis 128 123 wag 106 U1fl eudlsu wazensinisauluntauseausay i
' (Y o, X 3 a a o o o w o
ANYINU 1.84, 2.24 Ua¥ 2.81 G,ute/Sary mass”MiIN N1RANAN 50 60 Wag 70 °C MUANU Uae
N1OUBAIAIEDUNTNIATIUNUANSTDUNAIFIDUNTUIA 250 500 kaz 750 W 53uaN50u 50

°C H§n91INTOURARTINGU 3.36, 3.34 WAL 3.53 Syater/Sary mass'MIN

a

2. wansfnwATduUsEAvENsUNIALTuU s AT aulumsoudsautouey
Tute 6.25 x 107 - 13.92 x 107 m¥min wagAduUszandnisunsauiuUsanduanis
auluniaumenseuwiedunsisatinivansouliaegluyig 13.06 x107 - 14.58 x 107
m?/min

3. wan1sAnwLuusIaImadamansdivuniseuuietuuIsuuuIIaes

v A °

Logarithmic anunsaviuiengAnssuniseuuisausoulaanan uavwuuitass Modified

Page a11150v1 8N ANTIUNTRULTSBUNTIIATIN AvauSeulafign LlevnieAl R a9
= (PR
wazdldn RMSE wagen X o1

4. HANNSANYIIONTDULIAILANSDULALNITOULTIDUNT HIATIU A UANSDUABNT

Wiguuwlasauninveslunteu nuan1svaassmuitAnawesieniinvaslunteunienag

Y

Tuan49 0.36 09 0.54 LHIPRINTUNNINITOULAIAIYAUS DULALNITDULIAIDUNTWIATIU A UAL

v
aad 1

Jou wud AnewesueniinA1lewmesieniinAemesuanAInegluseduiaindt 0.6 3N

ASANYINAVBINITOULMIF DN UABULUAUBIE LUVLBU WU n1saulundaunlsausay
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WAYNITAUWAIDUNTNIATIAVANSaUTIA1AILEIe (L) Areududiden (@) wazmAiny
I a = * a0 d' =1 [y} 1
Wudwdes (b) dmanasdadeunulunteudn

5. MyIATIErasUsenauiluednnanun Warliueedviamiun LagqnaansnIuauys
DATTVRIUNLBUNNITDUWAIDUNTHIATILAUANS DULANLINAINNTOULAANS DU

6. ANAINUFUUADINAINUTUNIZUDINITDULAINILDUNTIATINAVANSBUY 50 °C 4l

ANPINUAULUADINAIUI WL LBENIINITO UL AN DU

NNsANYINITRULlunteumeaNSouar Buns IR N AvauTou Weoansan
AMAMYBSLUNNBY NUTT NTOULIIAEBUNSUIANAIAY 750 W Taufduauseu 50 °C HiA

= a

dlnapeanulunisudn suDtUsSUNaIsUSENaURUBANTINA Na1TlIUREANINUA WaY
gVBaNTAUBYYadATE AR AINUINNANITNAGRIIINEAENITaaTUlAd an1isimungay
a a ' v A =~ ° 1 = va Ao o ' o
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Soufigaumgl 50 °C tWurian 106 w1l
v
dalauauue
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2. rsAnwasUseneuuednyiaiun Waliuesanavan Lasgnsansiueyyadase
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ANOVA
Sum of
Squares df Mean Square F Sid.
DR Between Groups 1.445 2 723 8.997 016
Within Groups 482 B 080
Total 1.927 8
Deff Between Groups 82.265 2 41.132 28.269 001
Within Groups 8.730 B 1.455
Total 90.995 8
Time  Between Groups 17550.000 2 8775.000 | 1053.000 .ooo
Within Groups 50.000 B 8.333
Total 17600.000 8
MC Between Groups 5.556 3 1.852 2109 AT7
Within Groups 7.025 8 878
Total 12581 11
Deff
Time
Duncan?
a
_Duncan - Subset for alpha = 0.05
y ) 1 Subset orz;lpha- 0.05 - " N 1 5 3
70.00 3 | 106.6667 5000 : aibdad
60.00 3 136.6667 60.00 3 9.3067
50.00 3 211.6667 | | 70.00 3 13.9167
Sig. 1.000 1.000 1.000 Sig. 1.000 1.000 1.000
Means for groups in homogeneous subsets are Means for groups in homogeneous subsets are
displayed. displayed.
a. Uses Harmonic Mean Sample Size = 3,000, a. Uses Harmonic Mean Sample Size = 3.000.
MC
DR
Duncan?
_Duncan? Subset for
Subset for alpha = 0.05 alpha = 0.05
it N 1 2 i N ]
50.00 3| 1.8367 70.00 3 7.0833
60.00 3 22400 60.00 3 8.2867
70.00 3 28133 1.00 3 8.6800
Sig. 132 1.000 50.00 3 8.0067
- Sig. 067
Means for groups in homogeneous -
suhsets are displayed. Means for groups in
. . homogeneous subsets are
g_DUn%es Harmonic Mean Sample Size = displayed.

a. Uses Harmonic Mean
Sample Size = 3.000.
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ANOVA

Sum of
Squares df Mean Square F Sig. |
aw Between Groups 423 3 A4 194.467 000
Within Groups 006 8 001
Total 429 11
L Between Groups 156.587 3 52199 92707 noo
Within Groups 4504 8 563
Total 161.101 1
a Between Groups 12.006 3 4.002 33.497 .0oo
Within Groups 956 g 119
Total 12,962 1
b Between Groups 23735 3 7912 5.330 026
Within Groups 11.876 8 1.484
Total 35611 1
e Between Groups 30.106 2 15.053 14317 nos
Within Groups 6.308 B 1.051
Total 36.414 8
aw a
Duncan? Duncan?
Subset for alpha = 0,05 Subsetfor alpha = 0.05
S N ! E 3 _lgﬂ 2 3 -8 lBDD : :
70.00 3 4333 ;E.D 00 ) . 75633
oo |3 033 oo | 3 sare
' ' 70.00 3 -5.8867
'DIU 3 9167 Sig. 1.000 1.000 097
Sig. 1.000 134 1.000 Means for groups in homogeneous subsets are
Means for groups in homogeneous subsets are displayed.
displayed. a. Uses Harmonic Mean Sample Size = 3.000.
a. Uses Harmonic Mean Sample Size = 3.000.
b
I‘ a
Qungan
Duncan? Subset for alpha= 005
Subset for alpha = 0.05 N 1 2
1t N 1 2 3 4 70.00 3 209767
70.00 3 | 33.7033 60.00 3| 217900
§0.00 3 35,5100 50.00 3| 218967
50.00 3 39.7333 00 3 24.6967
00 3 42,9533 0. 401 1000
sig. 1000 | 1000 | 1000 | 1000 SLSot a8 epyen T eneous
Means for groups in homogeneous subsets are displayed. a. Uses Harmonic Mean Sample Size =
a. Uses Harmonic Mean Sample Size = 3.000. 3.000.
e
Duncan?
Subset for alpha = 0.05
i N 1 2 3
50.00 3 59733
60.00 3 8.2100
70.00 3 10,4533
Sig. 1.000 1.000 1.000
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Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of .
Squares df Mean Sgquare F Sig.
Phenolic Between Groups 483 3 161 65513 000
Within Groups 020 8 .00z
Total 503 11
Flavonoid  Between Groups 159 3 053 38920 .0oo
Within Groups 01 0o
Total 169 1
DPPH Between Groups 1724555 3 574.852 60.218 .noo
Within Groups 76.369 8 9.546
Total 1800.924 1
FRAP Between Groups 302.289 3 100.763 | 523.829 .0oo
Within Groups 1.539 8 192
Total 303.828 11
Phenolic DPPH
n? nean?
Subset for alpha = 0.05 Subset for alpha = 0.05
M 1 2 3 4 M 1 2 3 4
70.00 3 3567 T0.00 3| 643700
G0.00 3 4533 60.00 3 TO.7733
50.00 3 6133 50,00 3 21,0833
o0 3 8867 o0 3 96,0933
Sig. 1.000 1.000 1.000 1.000 Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed, Means for groups in ho 15 subsets are displayed,
a. Uses Harmonic Mean Sample Size = 3.000. a, Uses Harmonic Mean Sample Size = 3.000,
Flavonoid FRAP
Duncan® Dunean?
Subset for alpha = 0.05 Subsel for alpha = 0.05
h 1 2 3 4 N 1 2 3 4
70.00 3 .2000 70.00 3 5.2267
60.00 3 2733 60.00 3 6.5233
50.00 3 3500 50.00 3 74033
oo 3 5100 .00 3 17.8367
Sig. 1.000 1.000 1.000 1.000 Sig 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed. Means for groups in homog 15 are di i

a. Uses Harmonic Mean Sample Size = 3.000.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of
Squares df Mean Square F Sig.
DR Between Groups 5629 3 1.876 34.211 .000
Within Groups 439 8 055
Total 6.068 11
Deff Between Groups 122.306 3 40.769 | 1564.629 .000
Within Groups .208 8 026
Total 122.514 11
Time  Between Groups 19908.333 3 6636.111 455,048 .000
Within Groups 116.667 8 14.583
Total 20025.000 11
MC Between Groups 5424 3 1.808 4913 032
Within Groups 2.944 8 .368
Total 8.368 11
DR Deff
Duncan? Duncan®
Subset for alpha = 0.05 Subselfor apha = .05
fit N 1 2 3 4
‘5“0 — N - 11335? 2 5000 3| 65924
’ ’ 250.00 3 13.0633
250.00 3 3.2367 500.00 3 13,9400
500.00 3 3.4400 750.00 3 14,5767
750.00 3 35233 Sig. 1000 | 1000 | 1.000 | 1.000
Sig. 1.000 188 Means for graups in homogeneaus subsets are displayed.

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample Size =
3.000.

a. Uses Harmonic Mean Sample Size = 3.000.

Time mMc
Duncan?
Duncan® Suhset for alpha = 0.05
Subset for alpha = 0.05 ot N 1

i N 1 2 3 750.00 3 7.0867

750.00 3 | 106.6667 500.00 3 72567

500.00 3 123.3333 250.00 3 7.6933

250.00 3 128.3333 50.00 3 8.8067
50.00 3 211.6667 Sig. .355 1.000
Sig. 1.000 147 1.000 Means for groups in homogeneous

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

a. Uses Harmonic Mean Sample Size =
3.000.

subsets are displayed.
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ANOVA
Sum of
Sguares df Mean Square F Sig.
aw Between Groups B55 4 164 78157 000
Within Groups 022 10 002
Total B77 14
L Between Groups 63.178 4 15.794 10.832 .0m
Within Groups 14.582 10 1.458
Total 77.760 14
a Between Groups 2.969 4 742 10.968 00
Within Groups 877 10 068
Total 3646 14
h Between Groups 11.941 4 2.985 6.900 006
Within Groups 4.326 10 433
Total 16.267 14
e Between Groups 2,396 3 .799 169 914
Within Groups 37.743 8 4.718
Total 40139 11
aw a
Duncan? _Duncan?
Subset for alpha = 0.05 | Subset for alpha = 0.05 |
it M 1 2 3 it N 1 2
750.00 3 3600 1.00 3 -8.4600
500.00 3 3733 25000 3 -8.3567
250.00 3 4033 50.00 3 -7.5633
50.00 3 5400 750.00 3 -7.5233
100 3 9167 500.00 3 -7.4333
Sig. 303 | 1000 [ 1000 5‘9"‘ f — 537 72
&ﬁizg?avsy ;Ddr. aroups in homogeneous subsets are sﬁé;‘és”;,%‘ﬂﬁ‘é’,ia'ged"_m”e”““s

a. Uses Harmonic Mean Sample Size = 3.000.

L
Duncan®

| Subsetfor alpha=0.05 |
i N 1 2
750.00 3 37.5833
500.00 3 37.7567
250.00 3 37.7867
50.00 3 39.7333
1.00 3 429533
Sig. 069 1.000

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample Size =
3.000,

a. Uses Harmonic Mean Sample Size =
3.000.

b
Duncan?
| Subsetforalpha=0.05
i i) 1 2 3
50.00 3 21.8967
50000 3 23.0467 23.0467
TA0.00 3 23.0567 23.0567
25000 3 231933
1.00 3 24 6967
Sig. 066 800 1.000
Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Sum of )
Squa_res (1'[ Mean Square F Sig.
Phenolic Between Groups 129 4 032 14.969 .0oo
Within Groups o 10 002
Total 150 14
Flavonoid  Between Groups 052 4 013 9.788 .002
Within Groups 013 10 001
Total {066 14
DPPH Between Groups 415.778 4 103.944 24776 000
Within Groups 41.954 10 4195
Total 457.732 14
FRAP Between Groups 199.904 4 49976 | 109574 .000
Within Groups 4.561 10 456
Total 204.465 14
Phenolic
DPPH
Duncan® Duncan®
Subset for alpha = 0.05 Subselforalpha=0.05
; 5 s | il N 1 2 3 4
50.00 3 81.0833 50.00 3 6133
250.00 3 866867 250.00 3 7133
500.00 3 88.7313 500,00 3 1267 7267
750.00 3 93.5200 750.00 3 8100 8100
1.00 3 96.0933 1.00 3 8867
Sig. 1.000 249 155 Sig. 1.000 732 052 070
Means for groups in homogeneous subsets are Means for groups in homogeneous subsets are displayed.
displayed. a. Uses Harmonic Mean Sample Size = 3.000.
a. Uses Harmonic Mean Sample Size = 3.000.
Flavonoid
FRAP
o R Duncan?
uncan
Subset for alpha = 0.05
Subset for alpha = 0.05 s
N 1 2 3
JSHU oo 3 7 1033 : : : 50.00 3 3500
25000 3 8.9433 zgggg g :is;
500.00 3 9.5467 ) '
750,00 3 11,8233 750.00 3 5067
1.00 3 17.8367 1.00 3 5100
Sig. 1,000 300 | 1000 | 1000 Sig 1.000 584 913

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3,000,

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
SEC
Sum of
Squares df Mean Square F Sig.
Between Groups 179.354 5 35.871 104.325 .0oo
Within Groups 4126 12 344
Total 183.481 17
SEC
Duncan?
Subsetfor alpha=0.05
it N 2 3 4
250.00 3 8.6333
500.00 3 10.3200
750.00 3 11.0833
70.00 3 14.9833
60.00 3 15.0700
50.00 3 17.6533
Sig. 1.000 A37 .859 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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Abstract

Mulberry leaves are used as a raw material of mulberry leaf tea and Chinese medicine
since they contain high amount of nutrition and antioxidants. The important process for
production of these products is drying which is performed to extend their shelf life. During
drying change in moisture content of material occurred. Thus, this research was aimed to
investigate drying kinetics and empirical drying model for predicting drying behaviors of
mulberry leaves. Color of dried mulberry leaves was also measured for determination of the best
drying condition. Two drying methods including hot-air and infrared techniques were employed.
Five different temperatures at 50, 60, 70, 80 and 90°C were used for hot air drying. Three levels
of infrared power at 250, 3500 and 750 W were carried out for infrared drying. The results
showed that the moisture content of mulberry leaves decreased when increased the drying
temperatures and infrared powers. It was also found that drying with infrared radiation had
shorter drying time than hot air drying. According to the statistical values of the highest
coefficients (%) and the least of root mean square error (RMSE), Logarithmic model could
present better predictions for the moisture transfer during drying mulberry leaves than others for
two drying techniques. The effective moisture diffusivity values calculated using the slope
method were in the range from 6.48x107 to 2.25x10°° m*min. Furthermore, the color values
measured in the CIE system (L*, a* and b*) showed that hot air drving at 50°C and infrared
drying at 250 W provided the most similar color values to fresh mulberry leaves.

Keywords: Color; Hot air drying; Infrared drying; Kinetics; Empirical models.

1. Introduction

Mulberry (Morus alba 1.) is a crop
widely grown in northern and northeastern
region of Thailand. Several studies have
shown that mulberry leaves are rich sources
of nutrition such as calcium, potassium,
protein and carbohydrate and antioxidants
including phenolic and flavonoid compounds.
Because of its benefits, mulberry leaves are
not only a staple food for silkworms, but also
consumed as a functional food such as
mulberry leaf tea and Chinese medicine for
reducing a risk of various cancers, lower
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blood pressure, treating fever and protecting
liver [1, 2].

Among the steps for production of
mulberry leaf tea and Chinese medicine,
drying is the most important process since it
has a great effect on the quality of the
product. This process involves thermal
treatment for removal of moisture from fresh
products to a level which allows safe storage
over an extended shelf life. Hot air drying is
one of a simple drying method providing a
uniform, hygienic and attractively colored
product [3]. However, a disadvantage
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associated with hot air drying is the long
drying time resulting in loss in nutrient
quality and large energy consumption.
Infrared drying is gaining popularity because
of its high thermal efficiency and rapid
heating rate leading to shorter drving time.

To provide a basic theory for manufacture
and application of drying, it is necessary to
determine the effects of hot air drving
temperature, infrared power and drying time
on the moisture content of mulberry leaf and
develop a mathematical model for better
understanding of the controlling parameters
of drving process. Many mathematical
models have been proposed to describe the
drying process, of which thin-layer drving
models have been widely in use [4]. Ashtiani
et al. [5] investigated the best model for
explaining the hot air and infrared drying
behaviors  of  peppermint by fitting
experimental drying data into three semi-
theoretical thin-layer drving models namely
Lewis, Logarithmic and Midilli. Their results
showed that the Logarithmic and Midilli
models had the excellent results in prediction
the hot air and infrared drving behaviors,
respectively.

Therefore, the purposes of the present
study were to study changes of moisture
content of mulberry leaves during hot air and
infrared drying and to investigate a suitable
thin-layer drying model for describing the
drying behavior. The effective moisture
diffusivities of hot air and infrared drving
were also determined.

2. Materials and methods

2.1 Sample preparation

Fresh mulberry leaves from Queen Sirikit
Sericulture Center in Chiang Mai were
cleaned with tap water and drained on a
screen to get rid of excess water. The leaves
were then cut into size of 1.0 cm x 4.0 cm.

2.2. Hot Air Drying

Approximately 200 g of the prepared
mulberry leaves were placed on tray with
dimension of 29+44x2 cm as a thin layer.
The samples were dried in a laboratory-scale
hot air oven (Binder, model FD 115,
Tuttlingen, Germany) at temperature of 350,
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60, 70, 80 and 90°C. Constant air velocity
with 1 m/s was controlled. The samples were
taken at time intervals to determine moisture
content using the AOAC method [6]. Drying
time was also investigated when moisture
content of the samples was lower than 10%

dry basis.

2.3 Infrared Drying

Approximately 200 g of the prepared
mulberry leaves were placed on tray with
dimension of 29%44x2 cm as a thin layer.
The samples were dried at infrared power of
250, 500 and 750 W. Constant air velocity
with 1 m/s was controlled. The samples were
taken at time intervals to determine moisture
content using the AOAC method [6]. Drying
time was also investigated when moisture
content of the samples was lower than 10%
dry basis

2.4 Color

The color of dried mulberry leaves was
measured by spectrophotometer brand hunter
lab (Mini Scan XE Plus model) with CIE
system in the terms of brightness (L*), red
and green values (a *) and yellow and blue
values (b *)

2.5 Mathematical models
The moisture content data were calculated

by Eq. (1):

_ M,-M,
MR = L "= (1)
M,-M,,

where, MR is the dimensionless moisture
ratio; M is moisture content at any time Mo:
initial  moisture  content and Afeq s
equilibrium moisture content.

The details of evaluated thin-layer drying
models, presented in Table 1, these models
were fitted to obtain results for AMR. For
analysis of the parameters, the thin layer of
drying technique was used to analyze
nonlinear regression. An indicator of the
ability to predict the equation. The coefficient
of determination (R?) and Root mean square
error (RMSE) can be calculated from Egs. (2)
- (3), respectively.
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where N is the total number of data, ARexp,
A Rprei and MRpred are the moisture content of
the experiment, predicted and average
predicted moisture rates, respectively.

Table 1. Mathematical models

Model Equation
Newton MR = exp(-ki)
Page MR = exp(-ki")
Modified Page | MR = exp((-k0)")
Logarithmic MR = a exp(-ki)+c
Two term MR = a exp(-kif) + b

exp(-kat)

Modified MR = a exp(-ki) + b
Henderson and | exp(-gt) + ¢ exp(-ht)
Pabis

MR is moisture ratio; f is time (min) and a, b,
¢, g. ki, k2 and n are coefTicients of models.

2.6 Effective moisture diffusivity

In drying, the diffusion is suggested as
the main mechanism for the moisture
transport to the surface. For food drying
process, Fick’s second law of diffusion has
been widely introduced to describe a falling
rate stage. This model is presented for slab
geometry as Eq. (4) [7].

MR= 3 1
=g

e 1 @et) D) () @
zzn.ﬂ(2n+l) 2

‘L P
where, MR is moisture ratio; f is time (min);
Deris effective diffusivity (m*min); L is half
slab thickness of slices (m).

When the drying periods is too long, Eq.
(4) can be abbreviated to Eq. (5) [6].

L4

&

()

_ g Ao, t
MR= ____ZW[;L— ,_"f)
T L
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The effective moisture diffusivity could
be determined by empirical data using the
graph between logarithmic values of the
moisture content (InMR) and drying time (1),
the In(MR)-time graph would present an
incline line with its slope. The effective
moisture  diffusivity was then calculated
following the Eq. 6.

slope -1}

Du= XL ©)
T

3. Results and discussion
3.1 Drying characteristics of mulberry
leaves

The moisture content of a sample
prior to drying was approximately 70-80 %
wet basis. Fig. 1 showed the changes of
moisture ratio with time during hot air and
infrared drying at different drying conditions.
It was found that faster moisture removal of
the samples occurred at the initial stage of
drying. Afier that, moisture contents of the
samples gradually decreased when drying
time was longer. The absence of constant-rate
period was noticed; only the falling rate
period existed for both drying methods. This
is because the internal moisture transfer was
not sufficient enough to maintain the
saturated surface leading to the rate of
evaporation was not constant [8]. Similar
results have been reported for various fruits
and vegetables. Ashtiani et al. [5] stated that
there was no constant rate period during hot
air and infrared drying of peppermint leaves.
Meisami-asl et al. [9] revealed that only
falling rate period took place during hot air
drying of apple slices.

For hot air dying, increase in the slope of
the drying curve occurred when drying
temperature raised. At  higher drying
temperature water molecules move faster
because of gaining energy leading to larger
driving force for heat/mass transfer than at
lower temperatures [10]. Similar result was
found for infrared drying. Drying curve
became steeper when infrared power was
higher. Acceleration of infrared power gave
higher infrared energy which consequently
increased temperature and moisture removal
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rate [11]. The results were in accordance with
the previous reports by Ashtiani et al. [5] and
Tirawanichakul et al. [12] who reported that
increase in level of hot air drying temperature
and infrared intensity significantly provided
higher reduction of drying rate.

1.00

090

Motsture mtio

0 50 100 150 200 250 300

Tiue (min)

(b)

—— 50w

Moistureatio

-A=-500w

—— 50w

200 250 300

Time (min,

Fig 1. Changes of moisture ratio with time
during (a) hot air and (b) infrared drying

Furthermore, the reduction of moisture
ratio during infrared drying was larger than
that during hot air drving under all
conditions. This is due to the fact that
infrared radiation can penetrate into the
materials and be directly converted to internal
heat providing a rapid heating mechanism
[10].

Table 2 presented the time to dry
mulberry leaves to reach the final moisture
content of less than 10% wet basis at various
experimental conditions. As expected, the
results showed that the dryving time at higher
hot air temperature and infrared power were
shorter than those at lower hot air
temperatures and infrared power. Moreover,
infrared drving had faster drying time than
hot air drying. As discussed earlier, increase
in water removal rate of mulberry leaves at
higher drying temperature and infrared power
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resulted in less drying time. Infrared drying
also had better rate of heat transfer and flux
than hot air drying.

Table 2. Time to dry samples to the final
moisture content of less than 10% wet basis

Drying Drying Drying time
method condition (min)
Hot air 50°C 210

60 °C 135

70°C 105

80 °C g

90 °C 70
Infrared 250 W 80

500 W 40

750 W 30

2. Modelling of drying kinetic

To describe the drying behavior of
mulberry leaves during hot air and infrared
drying, the experimental data as the moisture
ratio (MR) of samples versus drying time was
fitted to six thin layer drying models shown
in Table 1. The estimated parameters and
statistical analvsis of those empirical models
for all drying conditions of both drying
methods  were presented in  Table 3.
According to the statistical values of the
highest coefficients (R?) and the least of root
mean square error (RAMSE), the Logarithmic
model could present better predictions for the
moisture transfer during hot air and infrared
drying of mulberry leaves. The values of R?
and RMSE of the Logarithmic model varied
between 09302 to 09934 and 0.0041 to
0.0174 for hot air drying, respectively and
0.8730 to 0.9788 and 0.0086 to 0.0293 for
infrared drying, respectively. This finding is
in agreement with the previous research. For
example, Ashtiani et al. [5] and Taheri-
Garavand et al. [13] reported that thin-layer
hot air drying kinetic could be properly
described by the Logarithmic model. Doymaz
[14] and Ismail and Kocabay [15] also stated
that the Logarithmic models was found the
most suitable model for explaining the
infrared drying kinetic of sweet potato slices
and rainbow trout fillets.
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Table 3. Statistical results obtained from different six drying models

Model Parameter Hot air temperature (°C) Infrared power (W)
50 60 70 80 90 250 500 750
Newton K 0014 | 0018 | 0027 | 0034 | 0051 | 0031 | 0067 | o012
R 0.9922 | 09500 | 0.9759 | 0.9277 | 0.9318 | 0.9649 | 09554 | 0.7938
RMSE 0.0036 | 0.0101 | 0.0070 | 0.0151 | 0.0186 | 0.0127 | 0.0122 | 0.0319
Page k 0010 | 0016 | 0030 | 0.044 | 0123 | 0018 | 0.042 | 0.067
n 1078 | 1.016 | 0975 | 0972 | 0737 | 1143 | 1158 | 1.162
R 0.9919 | 0.9516 | 0.9753 | 0.8950 | 0.6016 | 0.9778 | 0.6901 | 0.8417
RMSE 0.0036 | 0.0102 | 0.0070 | 0.0180 | 0.0549 | 0.0088 | 0.0353 | 0.0311
Modified |k 0010 | 0016 | 0030 | 0044 | 0123 | 0030 | 0.065 | 0098
Pape n 1078 | 1016 | 0975 | 0970 | 0737 | 1143 | 1158 | Ll&2
R 07843 | 0.6380 | 0.9760 | 0.8525 | 07013 | 09778 | 0.0746 | 08445
RMSE 0.0263 | 00324 | 0.0069 | 0.0213 | 0.0437 | 00088 | 0.0101 | D.0308
Logarithmic | 1021 | 0984 | 0986 | 0088 | 0056 | 1041 | 1202 | 1.125
k 0013 | 0016 | 0026 | 0031 | 0.054 | 0027 | 0.045 | 0.076
c 0,020 | -0.025 | -0.005 | 0018 | 0.005 | 045 | 0223 | 0137
R 09934 | 0.9603 | 0.9779 | 0.9402 | 0.9302 | 0.9788 | 0.9541 | 08730
RMSE 0.0041 | 0.0093 | 0.0067 | 0.0144 | 0.0174 | 0.0086 | 0.0163 | 0.0293
Twoterm |2 0519 | 0509 | 0236 | 2247 | 0.660 | 0.442 | 0430 | 0.466
K 0014 | 0017 | 0026 | 0.036 | 0.035 | 0.031 | 0.068 | 0.103
b 0491 | 0461 | 0747 | 1273 | 0340 | 0570 | 0576 | 0.543
i 0014 | 0017 | 0026 | 0039 | 1526 | 0.031 | 0.068 | 0.103
R 0.9973 | 09516 | 0.9768 | 0.9327 | 0.9686 | 0.4048 | 0.9578 | 0.7731
RMSE 0.0043 | 0.0098 | 0.0068 | 0.0147 | 0.0106 | 0.0432 | 0.0120 | 0.0349
Modified  |a 0335 | 0857 | 0328 | 0233 | 0404 | 0472 | 00373 | 0382
Henderson LB 0335 | 0719 | 0327 | 0164 | 0340 | 0376 | 0372 | 0373
: o 0341 | 0623 | 0328 | 0579 | 0.0256 | 0895 | 0.271 | 0.254
i Pabis 0014 | 0013 | 0026 | 0033 | 0469 | 0012 | 0.068 | 0.103
b 0014 | 0009 | 0026 | 0033 | 0.035 | 0023 | 0.068 | 0103
k 0014 | 0013 | 0026 | 0033 | 0.034 | 0023 | 0.068 | 0103
R 0.9923 | 09640 | 0.9768 | 0.8990 | 0.7934 | 09806 | 0.9579 | 0.7385
RMSE 0.0043 | 0.0089 | 0.0068 | 0.0207 | 0.0306 | 0.0082 | 0.0120 | 0.0328

Note: a, b, ¢, g, h, ki, ks is the constant dependent on the material and k is the drying coefficient.

The accuracy of the established model for
the thin layer drving process was investigated
by comparing the predicted moisture ratio
with experimental moisture ratio. The
relationships of the model for all the drying
conditions of hot air and infrared drying were
illustrated in Fig 2.

3. Effective moisture diffusivity

The parameter of effective diffusivity
was calculated using the method of slope
obtained from plotting In(AMR) against drying
time. The values of Der of dried mulberry
leaves with corresponding coefficients of
determination (R?) were also presented in
Table 4. The effective diffusivity of hot air
drying temperature at 50-90°C were ranged
from 6.483x107 to 2.253%10° m*min and
infrared power at 250-750 W were ranged
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from 1.726<10° to 6.662>10°¢ m%min. The
results indicated that Deyr values increased
greatly with an increase in hot air
temperatures and infrared power. This is
because higher mass transfer occurred at
higher temperatures and infrared power.
Similar results were noted by Ravaguru and
Routray [16] who report that by increasing
the drying air temperature of stone apple
slices from 40 to 70°C, the effective moisture
diffusivity values increased from 3.731x10°1°
m¥s to 6.67<10"'" m%s. Ashtiani et al. [5]
also reported that larger the -effective
moisture diffusivity was obtain as higher
infrared power was employed.
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Fig 2. Relationship between moisture ratio
and drying time of the experiment data of (a)
hot air and (b) infrared drying versus the
logarithmic model

4. Color

Table 5 presented the color parameters of
dried mulberry leaves by hot air and infrared
drying method. The color parameters

presenting in the terms of L* and a* values
decreased when the hot air drying
temperature and infrared power increased.
However, the drying temperature and infrared
power did not show a significant effect on b*
value of dried mulberry leaves. This indicated
that the samples were turned to more intense
and greenish as the hot air drying temperature
and infrared power were raised. Moreover,
the color parameters of dried mulberry leaves
by hot air drying at 50°C and infrared drying
at 250 W was maintained constant when
compared with the fresh mulberry leaves.

Table 4. The effective moisture diffusivity of
hot air and infrared drying at different drying
conditions

Drying Drying Effective
method condition moisture
diffusivity
(m?*/min)
Hot air 50°C 6.484x10°"
60°C 976710
70°C 1.317<10°%
80°C 2.07910°"
90°C 2.253%107%
Infrared 250W 1.726+10"
500W 5.961<107 |
750W 6.662x107°

Table 5. Color parameters of dried mulberry leaves undergoing hot air and infrared drying

Drying method | Drying condition Color parameters
L* a* b*

Fresh . 37.5442.14% -10.29+1 .45 21.56+1.92%
Hot air 50°C 36.3742.33" -8.5241.02% 21.0941.77"
60°C 36.46+1.857 -6.62+1.34°¢ 21.58+1.56"

70°C 35.20+1.44% -6.00+1.47< 21.23+1.64*

80°C 34.53+1.63% -4.06+1.51° 20.41+1.48"

90°C 34.21+5.85% 336141387 19.66+3.07*

Infrared 250W 38.43+1.15" -7.66+1.42% 20.79+2.42"
500W 33.82+1.53™ -5.31+1.00 19.87+1.94*

750W 30.551.51° -2.60=1.01 18.03+1.68°

Same letters in the same column indicate that the values are not significantly different (p > 0.05).
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5. Conclusion

The drying characteristics of mulberry
leaves at five different temperatures of 50,
60, 70, 80 and 90°C and three levels of
infrared power at 250, 500 and 750 W were
investigated. Drving curves of mulberry
leaves did not show a constant rate-dryving
period under the experimental employed and
showed only a falling rate-drying period. The
empirical logarithmic model showed a better
fit to the experimental data as compared to
others models. The effective moisture
diffusivity values of mulberry leaves during
hot air and infrared drying at all conditions
were ranged between 6.48>1077 and 2.25%10°
% m*min. From the color results in the terms
of L¥* a* and b* wvalues, it was possible
concluded that hot air drying at 50°C and
infrared drying at 250 W were the best
condition for production of dried mulberry
leaves since these two drving conditions
provided the most similar color values to
fresh mulberry leaves,

6. References

[1] Katsube,T., Tsurunaga, Y., Sugiyama, M., Furuno,
T. and YamasakLY. (2018). Effect of air-drying
temperature on antioxidant capacity and stability of
polyphenclic compounds in mulberry (Morus alba 1..)
leaves, Food Chemistry, vol. 113, pp. 964-969.

[2] Sun, C., Wu, W., Ma, Y., MinT., Lai,F. and &
Wu, H.(2018). Physicochemical, functional properties,
and antioxidant activities of protein fractions obtained
from mulberry (Morus atropurpurea rtoxb.) leaf,
International Journal of Food Properties, vol. 20, NO.
33, 83311-83325.

[3] Doymaz, 1., (2004). Drying Kinetics of White
Mulberry, Journal of Food Engneering, vol. 61,
pp.341-346.

[4] Rahman, S. N. F. §. A, Wahid, R. and Rahman, N.
Ab. (2015). Drying Kinetics of Nephelium Lappaceum
(Rambutan) in a Drying Oven, Procedia - Social and
Behavioral Sciences, vol. 195, pp. 2734 — 2741.

[5] Ashtiani, S.-H. M., Salarikia, A. and Golzarian,
M.R. (2017). Analyzing drying characteristics and
modeling of thin layers of peppermint leaves under
hot-air and infrared treatments. Information Processing
in Agriculture, vol. 4, pp.128-139.

53

[6] AOAC, 1990, Official methods of analysis, 15th
ed., Association of Official Analytical Chemists,
Washington, DC, USA.

[7] Apintanapong, M. (2009). Infrared drying of holy
basil leaves and its effect on sensory characteristics.
Agricultural Seience Journal, vol. 40 (Suppl. 3), pp.
69-72.

[8] Srikiatden, J. and Roberts, J. S. (2007). Moisture
transfer in solid food materials: a review of
mechanisms, models, and measurements. International
Tournal of Food Properties, vol. 10, pp. 739-777.

[9] Meisami-asl, E., Rafiee, S., Keyhani. A and
Tabatabaeefar, A. (2010). Drying of apple slices (var.
Golab) and effect on moisture diffusivity and
activation energy. Plant Omies Journal, vol. 3, pp. 97-
102

[10] Riadh, M. H., Ahmad, S. A. B., Marhaban, M. H.,
and Soh, A. C. (2015). Infrared heating in food drying:
An overview. Drying Technology, vol.33, pp.322-335.

[11] Tanongkankit, Y., Chiewchan, N. and Devahastin,
S.  (2012). Physicochemical property changes of
cabbage outer leaves upon preparation mto finetional
dietary fiber powder. Food and Bioproducts
Processing, vol. 90, pp. 541-548.

[12] Tirawanichakul, S, Na phatthalung, w. and
Tirawanichakul, Y. (2008). Drying strategy of shrimp
using hot air convection and hybrid infrared
radiation/hot air convection. Walailak Journal Science
and Technology, vol.5, pp.77-100.

[13] Taheri-Garavand, A., Rafiee, S. and Keyhani, A.
(2011). Study on Effective moisture diffusivity,
activation energy and mathematical modeling of thin
layer drying kinetics of bell pepper. Australian Journal
of Crop Science, vol.5, pp.128-131,

[14] Doymaz, 1. (2012). Infrared drying of sweet
potato (Ipomoeea batatas L.) slices. Tournal of Food
Secience and Technology, vol.49, pp. 760-766.

[15] Ismail, O., Kocabay, Q. G. (2018). Infrared and
Microwave Drying of Rainbow Trout: Drying Kinetics
and Modelling, vol.18, pp. 259-266.

[16] Rayaguru, K. and Routray, W. (2012).
Mathematical modeling of thin layer drying kinetics of
stone apple slices, International Food Research
Tournal, vol. 19(4), pp.1503-1510,

TGTK 55% Amiversary  TER Y,
Thai-German Technical Institute Khon Kaen e’

96



¥o-ana WA gnSan Auzun
WinLle 15 WeuA1AY 2538
UszInn1sAnen 2560  Usueyes InenanansUndie

gunInemansiazwalulagnise1nis
UNMINIREIA L Teelngl

2556  slssudAnwmeuUans
Tsa5augiseuinen

flog 29 v 3 m. w8, 1A 9. d1Une 52130

g minthad7@gmail.com



	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	สารบัญตาราง
	สารบัญภาพ
	สารบัญภาพผนวก
	บทที่ 1  บทนำ
	ที่มาและความสำคัญ
	วัตถุประสงค์ของงานวิจัย
	ขอบเขตของงานวิจัย
	ประโยชน์ที่คาดว่าจะได้รับ

	บทที่ 2 ทฤษฎีที่เกี่ยวข้องและการตรวจเอกสาร
	ใบหม่อน
	การอบแห้ง
	การอบแห้งลมร้อน
	อินฟราเรด
	การอบแห้งอินฟราเรดร่วมกับลมร้อน
	แบบจำลองการอบแห้ง
	สารต้านอนุมูลอิสระ
	ค่าวอเตอร์แอกติวิตี้
	งานวิจัยที่เกี่ยวข้อง

	บทที่ 3 วิธีการดำเนินงานวิจัย
	วัตถุดิบ
	อุปกรณ์และเครื่องมือ
	สารเคมี
	วิธีดำเนินการวิจัย
	การศึกษาการอบใบหม่อน
	การวิเคราะห์ทางสถิติ
	สถานที่ดำเนินการวิจัย

	บทที่ 4  ผลการวิจัยและวิจารณ์
	การศึกษาการอบใบหม่อนด้วยลมร้อน
	การศึกษาการอบแห้งใบหม่อนด้วยอินฟราเรดร่วมกับลมร้อน
	การศึกษาความสิ้นเปลืองพลังงานจำเพาะของใบหม่อนที่ผ่านการอบแห้งด้วยลมร้อนและการอบแห้งอินฟราเรดร่วมกับลมร้อน

	บทที่ 5  สรุปผลการศึกษาและข้อเสนอแนะ
	สรุปผลการศึกษา
	ข้อเสนอแนะ

	บรรณานุกรม
	ภาคผนวก
	ภาคผนวก ก ใบหม่อน เครื่องอบแห้งที่ใช้ในการหาความชื้น และเครื่องมือที่ใช้ในการทดลอง
	ภาคผนวก ข การวิเคราะห์ผลทางสถิติ
	ภาคผนวก ค  บทความวิชาการที่ได้นำเสนอและตีพิมพ์เผยแพร่

	ประวัติผู้วิจัย

