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ABSTRACT

North of Thailand cultivates a lot of mulberry tree for silkworm feeding and then
fruits of mulberry are popular for consumption. But ripe mulberry are increasingly rotten
after crop harvest because they are kept at room temperature for few days. This
research is studied about mulberry drying by low temperature dryer. According the
purpose of this study is properly examination state at low temperature by tray dryer, air
velocity is 0.5 m/s, air temperature are 45 and T0-degree Celsius, relative humidity are
10 and 70 %. The finding indicated that at high  temperature.and low relative humidity
cause high drying rate. At-high temperature, relative-humidity has an effect less than low
temperature but high /temperature cause . of  essential substances degradation.
Appropriable’ drying state is temperature at 45 degree Celsius. and air relative humidity
10%. And they have.total phenolic-compound-2,018.9 1g/g, total anthocyanin 8,967.3
pe/e and total Free radical scavenger capacity 56.7%.

Keywords: drying, mulberry, tray dryer,- low. temperature dryer
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LduRLSaanare i luomswarauulue g awnsouanale faaunisi (2.4)

m = WM iila M= lAp, (2.4)
& dm = MdW = lAp dW (2.5)



P H &
o m = aveadluaIsty (ke)
M = 1nNAYDAITWIALN (kg)

mm%u'lummsmmgmu,ﬁa (kg H,O/kg dry solids)

-
~
I

ATUVUIYDEsWMaLn (m)

-~
1]

' v oa 3
o, = ATUVULUUYIETUMIEUN (kg/m”)

l a v
WALAT dm luannis (2.3) 3l

1dm dw
R= "—g= = —lp, T (2.6)
- M dWw dw
atE == =lp. 7 (2.7)

2133 JaduiiiionBwariosnainisviui (7], [8]
n). ANWULEITHYIATDIDIVIG
omamtidnuaziiuswauiinung (porosity) annxiidnsinisviuiada
ot lueivsannsaadsuannialussnumsusnlaiag wonvINte MR uTRIIN
swsnsvinuisansaialaliawuiu stwﬁuﬁmﬁzmu*uaqﬁ"n'lu’a’ac-]t.ﬁu?rumn
q). 'ummazgth"lwaqmmi

1 e oo ' o v
‘U‘LﬂmLLﬁﬁEU'ﬁN‘Uax‘lE]’]M’]?L{]UGQJ'UFW]Nﬂ’lf_m'lW‘Uad AIUTNUNBADNTITINILLW

|
o |

awmsﬁﬂami'lawixvnfwﬁuﬁﬁaﬁaﬂ%mmmm)xﬁﬁuﬁ"ismUﬁwmn tayilonsinsviuiad
Fathvnne s tsiamnsns s wizd e s A mmifos s insmsns
Ml udna 1un NAUAYAIEVYNYE 48115
A). Usuuams
grmsiinviusluUTInang aEildnsnmeiuiitailesineiniaiau
Liannsndufasvemsimhsiuiladiaii Stiaunsadomeanuipuliivemisld
MldRsInsviuiegia

2). gumail

a & a o w i

puugiiludedrAgunndanisszivaveaiieanainuanneiliiasanai
wandswasgupimelukazniouanadadust winilrmunnsiesiunn dnglusdadueieg

a0 TEEEaN A AINTUAILAILUANANYBIQUNATITIRLTY



J‘ ol L7 «
). ANUTUAUNNS
ﬁu ot as & - .DJ v = J L7 of -l
anusuduivdae vsinalettlueinia deniailaanuiuinsgaanaia il
lu/ ar .‘j v v o v - =Y v l&’ ar o e
lorlugnmaun ffumngoesnislimaihukiiussandnmgaazsesniuauauudining il
ANen
“
Q). ANNULEIaY

o w

= 2 o Yood o 9w <
ﬂ'.]']ML?')ﬁﬁLUUUQ"ﬂUﬂWﬁWJ{Uﬂ'ﬁS3L“U'Ua~1u'] luaqq]']ﬂﬂqllﬁﬂ’l'luﬁ')auu’iﬂ'ﬂx

vi'ﬂﬁé’mwmmmu-uaaﬂnaaﬂmﬂmﬁmﬁm‘ﬁﬁﬁuu,aztﬁuﬂﬁxEw%nww'lumsvi'mﬁq-uamﬁmﬁmv?

). AIUAY

) & | a Iy o el o & . v
A seuinaisndestunisseimeaain defaudusninaziiealan

o :'» o o v ot ° o YV a v J
geuviie wunsirutinelamasiumasilfnsnahuiai ity

2.1.0 A1Yues g s uuaa {73

adda

s uteniwtuunatuis ifouldiumntunisndadnuaznaliauui
wiseisawaraitsineies asraudri Tnsnsviurislueiosiufuvuaadandugy
i 2.4 wwoniuanisuaITETIeL Sranaaniu Byined madelon Aeve viethiui
autounrlvarins fantuduuneg tsnn 26 - ou) Randlug i 24 Wuvesaneil

v oa

o = 1 v A i 1 1 = o L4
p19aiignyunialidile Adaauilvarisusgludis 0.5°5 was/Au diszuutnuna

vnanis vavetansaunuluag adladldudumdnuisgiuieliansaulvasdnadniaeuag i

MNEI

U 2.4 n5lde s lulATDaiusuUnA [7]
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2.1.5 Yoyavhlvaswamsiou [9], [10], [11]
2.1.5.1 wawsiau

aa o P

dnumuzvasransioudu nasm erwhguvninsvuen Taden Wegnfhaunady

fa

\ous uaninanuaulnlveniiu TnedmuarsusznauiresdfunfandRduarsiusuyya
dasy Fezdrolunisanmuidssienisiiclsavasnidanalagadu TsAusds wazdhseasm
HavilouisavuaUIe assnammdiuialns Wy udld uiiune uile uiniuwas o1
sputesau wilsalinda fudau Tsagunia vimuwvue wazaanssniaudne uenvInisadl
maisavsiouluwlssllundadusiame 1y HaRuWT SN aneuwmisy Fawandauiildlunis
wsgUndndusiannsolfldiamiouimnazmioun lufigtulildwrnavsiouwinduitanuise
ludvaudwdluduasfumisudiiaaruazidnonwitasoine U waud i
Usglowiliognaninean gumisuanninwvesnsalugiaieu sunaudeiuiauueand &
nanAnsnl3Uszine 600700 Alandy irmsiouanisaiiazWnandnliusingeaniia 1000
flansusalirely vabeguiniamialuundminodnl Wasse uasuigasdeuiioulgnidu
waliizus rounsidtuasimuaunatntuemsuasinsesfiun i ulaUvesdudmi
HARAudvanua
2152 asnidazarsamaiidinalusamlon [12]

wavslauensluimluiasussin W naalvan Sawud vsniiinoinusand
vansalin fmudsiazinsyaueuasyszan Tudumas sonantudmumsiueyya
Sase 1wy Laulvlaeniy (raediy Aldavanamudedlunisfntsmms

asUstnauilupaleun a1susnauill aromatic’ ring wazagetion 1 hydroxyl
group  warsinluleunuguetansUsznaviivaa laun woulwlee1iu, Walusws,  lignin,
gasluu abscisic acid, ‘cinmamic acid; caffeic. acid;, caffeic acid,chlorogenic acid \Juduy
a1sUsenouiueadufuuasarslusssunanduinitiuranndnedanis esrnwiii
\erdostu & nduuazsa

waulvlgeniiu [6] WusenTaguiaansd (pigment) flvaume 1he wazthiduliiu
a13lid (coloring  agent) sssuvdluamisarsanaueulnlesfuflandidulnyuzinds
(nutraceutical) Huanssusyyadase (antioxidant) tsrzasmundanvedwad 1I18andns
Hoavensiinlsavilawazduidengaduluaiowhonstiudibiliidantudndiufouzasnin
A 01U 9m7 ‘&'sua”uuzﬁ]ﬁuw?ériaiiﬁ (pathogen) dlala (Escherichia coli) lusguumaiu

o & v ' & e v = ) " -
8IU13 ?}QLUUEWLHV}‘UBQISF]W@Q??QLLﬁﬁE]'WI'ﬁLUUWHWJEJ LLE}UIV?I].‘GEJ']UU GQBQ‘IUHE}NH"I?UT-‘iﬂaUW
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uea naunediuea (polyphenol) Inunansiauaxil cyanidin3-O-rutinoside (60%) wavcyanidin

3-O-glucoside (38%) Tul3snnigean

OH
OH

HO O

OR
OH

3U#l 2.5 gaslastasamaiaiivesuaulvleeaiu (6]

viarlauaed [13] Kumstszneunaunediiuea Sausynavseterlsnindaus
2 29uly nsiin sduiiuativeuua aromatic hydroxy!l Fouanslusud 2:6 9nauddenudn
nasvesdsUssnaurarliuess - dadvaiiinaandfduassiueyyaddss 1Wu 15 flavones
waycatechuic mmmhuﬂaaﬁ'umﬁgnvhmwawaéua:tﬁatﬁa'i"nmumnaqgaﬁasmax

aNYLAUDATY

5UT 2.6 lassainuazguuuuinlurasanlussdluamis [13]
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2.1.6 MyATEUSINuEsLeuRanduauilutaviou

ArsuauRoanduAuY (antioxidant) [14] Wuasdesusyyadase Raunsany
alusssuealuoms lnoUndisdoyyadassiinagnasaiiarnnnszuiunsinatgaislu
$9N"E %aauuaﬁaiv Lﬂuei:]waﬂmana%qﬁwé’muaa'aamauﬁﬁ’uLﬂuf-iLLaz'lun'rimFi'uaqeim
oyyadaszariililinnisviiany was wyilyisanaiasisesnazuidouieladie dlusrined
syyadaszanniiuluaznalilin lsavinandon lsala waglsasanszan wanNEs AT
q‘uumuasmnu,mmquJixm%mmaqgaaaiﬂmmnnumuﬂnmwmum'\ Felumsiaszimans
Lausaonduauviariinisldiaiia Uv-vis spectrophotometer lunsiiasizimuiinauamuau
foanduaun

VIS “Spectrophotometer [15] Jumatiamsiwieiarsiagldndnnisganau
;Laqﬁaq'[mhaé’am‘ﬂﬂammu,az"“;ﬁLﬁa'tiNmmmmﬁ'uUizmm 190-1000 1luwms(nm) ves
angipiuleun assunie toreanic ‘compoiind) @nsusznaulEatau (complex compound)
vitaansafiunid (inorganic | compound) Inpthatsmetwldlusamend (quart) wanlu
Uinalndlvaantinual inaatiaaiamsiiaditrudiaiaus uasimasnmuen
aduiildaiu [12) Weasensganiuiadviauatyisdiuli ua&ﬁlﬂ@,mnﬁuwdmaaﬂmé’q
m3naiaues (photomultiplier tube) \dasiauaesyins TaSinailasieanun lanisindng
AUl gIkanauaanau ntureinisUssinanau cuve - visawngsy Fauans
mmé‘m‘v’us’ﬁzwmsﬁhm-ﬁ@mnﬁuuaa (absorbance) tazeATmETIAduRuandluzul 2.7 8n

o

Arusenauiid @y Remnsadygn dwsuiesawnsivistislild laun PMT (photomultiplier
tube), diode afrays uay CCOs(charge coupled devices) InamaasazynnnstuiinAmue

a o i 4 da =
ﬂauijllﬂuﬂ']M‘lﬂia\"-l,masﬂjjuﬂqjﬂauﬂlnﬂﬂﬁifﬂﬂ NaULLa
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Absim

200 300 400 500 600 700
A (nm)

gﬂﬁ 2.7 ¢33 awnniy [15]

2161 mI3imssadinauansiveasiu Insldvetia Folin-Ciocalteu, Colorimetric
Method
arsUsyneviluaniuanssvayyadasyadants (101 MsAnwiiesina
arsUsvnauilludns S dimmdiiusiummniguasasiunisiineandiady  (antioxidant
capacity) Lm::ﬁﬂﬁwmuq'r'fumiwﬂaaumqw‘émiﬁmmiLﬁmaaﬂ%m'ﬁu USunaasysenauily
ansiansantldladds | FolinClocaltes  Fderdgmaiindnnujienesndindu
arsUsznauiiiudnesdnlfisenoendindu lumsagargasusinkazans Folin-Ciocalteu 9w
Qﬂ’%ﬁqiﬁﬂa1UL@uaﬁUiznam%aiauﬁﬁﬂmaumﬁaq TmuIanlviesaidinisganduuasi
L}J?ﬁ'ammaﬂﬂ TneSgawnlislilas indiaameinau 760 unluumsilioudiguiuaisuinsg
nsaunaan (galliciacid)
T 5 16.2 Sipsriwimamaansalunshineyyadasy 1agdd DPPH radial scavenging
acitvity [16]
oyyadasy (free radicals) HuasilhatosilviAaujiselddeds DPPH Wuns
Siasevanuansolunsiuaisatuaandindu (antioxidant) Fea2ld 2,2-diphenyl-1-
picrylhydrazyl 1Uuén HuiEfazaan 51052 derenisiiasiet Waugnass wazwiugh
Aoudga Tngudnnis DPPH W stable radical ludnhazangumiuea (methanol) @vazang
i %a@mﬂﬁuuaﬁﬁﬁﬁmmmmﬁu 515-517 wiluiums AeumyiaTziaAies Uv-
VIS spectrophotometer Foaimanieansatnaniveuliuiitaamgivileg niudes i

quiadn wasnlondanafisasnisadeuaumuinduiisieants e DPPH viwjiseniuans
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AR saTa I dN 1T anal
2.1.6.3 SwssvimuTinaseulvlveniiuiavun (Total anthocyanin content: TAC) fg
FoHey-Aviwaisudsa [17)
miuauivﬂ.fduwﬁmﬁuiqm”mqﬁwﬂ'luﬁ%ﬁv'a'luﬂanu,ax'l,uma fahilumsliasgiivie
vaUSinaaeulvlsoniiuarUsenaudotunausiag WWun msatalieglugUvesansavane
msviliusand wavnisiiesisi msadaiftsrsiesaisenUsinaueulvlyeiuliligen i
nsdudleuvesansdutissiian wardimswiuwasweueulvlgsiiulosiian wasisimnuau
Twlfdmﬁuﬁmmmﬁaﬁeﬁ pH_ o1 'lum'ﬁLﬂi'mﬁwm.auiw‘l‘amﬁuw’lﬁmﬁmﬁwmiamﬂﬁuuaqﬁ

o o ac o = ar 1 - o o o
puemAIunied uar ST uanesudvalunts Tnfmsganduias dwitueulvlaeiiiu

%
w8 a

- = - ' Hac o ad v &
AuEMARUGIEaignganduTraglutie 490-550. wiluans wennUistduluismimuTY
ﬂ‘ vy ) o dl = ar = d (=]
WWaLLNYauAwWTad n#AITINauaunu Vll.ﬂm"ﬂ’]ﬂﬂ']3aﬁ']Uﬁn'UENLLGUIW‘LWUWUU‘HQQSﬁ"ll.l']'iﬂaﬂﬂau

1 - al - L] ¥ d‘ s e !4
vaslutradsrtuuaulvleeduwilvaninladanveainnaau

aw o d 2
2.2 UuNingUaN

s = el A -
UIUs waradyny 2o (2554) [18] Anwituazansnimunzanlunisuan

2.

fugiv
ysiouny San AUl duauiouan@hainiina) Mugideslmidibenuiailiunazduady
W3 suALUUTiudn udvhaas uisieiasey 27wy e AU ALaHAT B
UL LUUAR NIRRT B Ul LR mnmﬁmswﬁﬁ%mmmsﬁwuawa5aixﬁﬁoﬂaag'luuﬁau
el as s nhwil e nilgumgll 60 esrn@aldea taziAlsauwianuy
qngnmﬂm-iﬁummmﬁqquﬁ 40 sernadsa uanitanzay nnsiUssuliioy
SEnaiwimuiinisiwhideeisseuwiwuuagymARsuns 1safigungll 40 83An
advadiEiunzalunsndamiouns InoneuGunsinynsviwiaioeianiuwiuuy
piinsvnaeseuit 40 war 50 svgaliua wuildnarlumseuundshifuiiluniindnds
danAnwiiseAuAINiau 3 sEU Ae 60 70 80 avrisalua

a7w WIUATR (2554) [17] Anwinisatnaisddgyuostaulnlesniiusssund fadald
Hu 2 Usunvilveyq fo weusrdianva uaulnlgenilu (Non acylated anthocyanin) uazayd
s woulnlwenilu (Acylated anthocyanin) Taseainavasuaulnleenilu Usznausie uouly

lgntay tana way n3a savinazatuildlunisadaueulnlesiiiu laun W leniuea wmiuaa
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adda

wazardlau B sananieiinadurauds (Solid Phase Extraction) \uisniaulglunisinln
woulvleeniiuuians mslinssiviinaueulvlveriuansawiai 2 wu Ae mslesei
Usinaueulnloniiuivun 19y Jafev-sivilasuiea (pH-Differential)  snuawalasines
wagnsiasivinauasuinuveweulvilveniu lneldindaslasnlnnnitveunaanssnurge
(High Performance Liquid Chromatography) n1itiaumiensawaynIsasBf1InIanIsiy
waaalasiinaiidumaiaildimiuieiedlasiniunsliveamaanssousgs (High
Performance Liquid Chromatoeraphy) ienisiassiueulnlesfiuilinsueiin

grng HaasAng (2547) (10} Anwanmzimngailunisaina laofiinguszasdiiam
annzlumsaiausululeeriuandeniaan 1naold 19%HCL 1195% ethanol Wusvinazaie
Tunsiisuiivutimaaaweululyafiunlininudentinauinaduusnuazduluge
wWian lnenwudaniiasdiuduuaniviinukeulvlgenuginirdduluvesuden lng
wuidnsdauszninadsninnAediavaianianganie 1:25 waznaatalunisainiidas
faniilvirrUsauaulylenfiugeaano 1 9alue uavliaduiidwmanommirsiivasnoulvlaen
fu loud Moy ooyl Was wasiian naafe wWieniealunisadaweulnlzeriunisiiuye
vaaodluiisiauasluiivigumgiisn

WS Winuas wazAy (2555) . [19] . AnviwFoudiouqrsiiueuyaddsy waznis
"3mﬂzﬁﬂ?mmminf}'uﬁuaaﬁn'lua’ﬁaﬁ'mehuﬁtﬂummuaa'uaﬁq winlnesn uQEAua wuin
a’riaﬁmehuﬁtﬂmamuaaﬂaa%eﬁﬂ%mmminduﬁuaﬁnqqﬁqmﬂamaauﬁhé'if‘olin-Ciocaiteu
Colorimetric Method

L
=i =

waan LEsan LavAnE(2553) [20] AnwiuTinuaassinuauladasyluniunseilguwal

i i i o =l a a‘ LV 4 v &
laud answeulvlegrfiutazansusznauiuedineodnsziiouuna 29 Wugatewus nsiusiulag

fo wr

nsimmsinuaskarUgniiguditufinlsvauuiu lumsiessisednlenduanndunsaisy
wui Uiinmansueulvlennilu detegsaving 51 - 442 fladnsi/100nfmbwdnuia nseifeu
wasanyd wansudsusmwauniy Suiinaueulvlueiugean Ae 439 uax 442 fadn3i/100
A vilnus mud iy duviinaaisUssnaviiuednegszuing 94-239 GAE (gallic acid
equivalent) adniu/100n3uimiinuis Tnowugveuuriuiiuiinaumsussnoufiuedngeiian
soea9N FoanuWug JRC/624 H Wudnssiouuaiiviinumswoulnlyeniiuuazaisusznauil
uedngeasdidnvuenduvun dvinann funady duansfugiivinuasweulnlseiuay
asUsyneuiluedntosssildnuaznduun dminiu Zuaa o19vzilyauseusudiforvuniv A

Arsdunin (pH) veninsvileueyszwing 1.94-2.73
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SR ulasey uasARss Asadning [21] Anwrarasaeiuguaz SNSRIy AuLAse
woulvlgeniluveswamisy 3 a"|uﬁuﬂmaﬁnmﬂ?mmLtauiw‘lfﬁmﬁuﬁ"’mnmﬁ’aﬁ% pH-
differential  warmsrvasuwaulnlgenilusiavanlaemaila  High  Performance  Liquid
Chromatography (HPLC) mnuanﬁwmaaqwm’wﬂ?mmuau‘lwhmﬁuﬁg\mumamauﬁauﬁuﬁu
awﬁ’usfuassw:msm%m_,xﬁu‘[miﬂﬂﬁﬂ%mmﬁ?«Lm' 3 fia 1,844 Tadnsuleendiu-3-nglaledlu
fhatna 100 ﬂ"i’miwﬂ’ﬂ:Lﬁq'[maLﬁaNamiaut.ﬁrgLﬁU‘Tmmnﬁvuazﬁﬂ%mmuauim‘lmmﬁuﬁ"’mum
Winndu

Smitouunt Rames wazARss meadnAnd [22]. Anwnmandiniseueendiadunay
Uinauaulvlesiiuietuaveniofuiiivionan 6 aenuglasdnuuinaueulvleeiiu
Vst pH < differential wasAnwinuandFlupmssuaendiatusieds 2, 2-Diphenly-1-
picrylhydrazyl (DPPH) radical scavenging assay Namr\ﬂ’l'iwmaaqwu’hmuﬁuﬁ: Tempranillo
fensUsznatiiueaniivua Vimasaulvleaiuiom LLﬂ:F]mauU“mmsﬁwuaan"&m‘fuqaﬁqm
(0<0.05) InuftansUszrioufluefiniavin 14905.7£1328.7 - fiadniuduyavainsaunadneo
fa33ns Uhnnuedvlesiiluiivun 30594219 fafninveslalnu-3-nglaleddedns wax

v =

AuaURn3IuaaNTindi DPPH 13850.4+650.7 adnitiasauatintiiuineiiaddn:

avidil Aeamiimi wavddss #393aing (23] AnwuiiunguansosUssnguniaiaiivaz
P]maml’c?;nmﬂuaﬁﬁwuawaﬁas:'uaamﬂwauﬂau?ﬁqLﬂui’aqmwmﬁamnmwﬁmfmalﬁ Tay
wEui sl naansiausdaan U FansutagutUT I B NUIY MHANITAREN
wuinIsmaviaushifinareysianaueans (e weslusiulaumnsdu wazaslulawse)
Tnosagnnsavdounfiauiungdy 144 & 0.2% uavinfinaanslilawsmiavuniade
62.8 + 2.4% SlonsananudiinuuaulnlyaaiuniauTing
ansUsenauiuaadanavin auvRmseuayyadasy. 2, 2-Diphenly-1-picrythydrazyl (DPPH)
WUAIENS TR LU UL B anwitesdaassnwasAusEnusena 1 leunniinsiikiineay
Jou

Medeni Maskan and Fahrettin Gogus [24] Anwidnyaizianzvamamioulasnsviium
#liwsnnanssuumadnmduarnsruaunsasmtuiigamgl 10 20 30 s waidea
Tunsvuisamisutuumalishsnianeseinia 12 m s figamail 60, 70 uay 80 asALwa
ua nnisnaaseaziutiawesdismaviiianas waginsapuwUasdulszandnisuns

< i -10 -9 -1 a = i v Y £ '
23007 - 276x10° m s leavguvpiaiinareutiiannsedduszdnaniiuws



uni 3
5aniiuauive

3.1 a@15iAil
- lulpsiauwvan
- @nsavale wevnuea 95%
- nsnlelasmasnin 1%
- 0.025 lyand Wumadouaaalsa
- 0.4 luan3 Wiuaziem
- 2, 2-Diphenly-1-picrythydrazyl (OPPH)
- @1sagany Folin-Ciocalteau reagent
- ansavany ldeuAIsuBLug. 10%
- NSALABAR

- 1ndu

3.2 JaauazaUnsalitlilunnmanay
- Hamiouan
- nyswaaudAnan
- Lﬂ%aﬁﬂm‘iﬂﬂﬂﬁuuﬂd (UV-VIS spectrophotometer)
: m%‘awqumﬁlm (centrifuge)
- rdeatiunimals
- Adoatanation 2 Fumt
B L AT

o w
wWiaeiAusIay (flow meter)

- YarNIAUnEaN

waon centrifuge vuR 15 addns

S wiadluilwes
- AINUAANT

- Uwa Ui 0.1-1.0 fiaddns
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- e vum 1.0-10 Hadans

< v
- LABNLLNT

3.3 Famsaiiueuie

- = ' o ' < as
AUl 1 n'ﬁﬁnmﬂmq:wmmzaumami'muﬁwawuauﬁwmsaaauuﬁaqmuqum

'
a

o ' 4 ° v v < v _ a s < v ar
1. Uwavipuanvisuanvinumeioins et uuig@vigiisndagui 3.1 Tagldanne

u

v '
° (v @

m13i 3.1 uay Yuiindmiinvewamleundinniwkalaetuiimimiinn 30 wiit aunseits
rwdlunavilowiiu 0.3 niudwiandudmminuvs
o v v W e ! a 4w
2). dmamsvaaoanliuandenns A duius seminausuiuauduiuia

(Drying Curve)

A3 3.1 dan1etosniAnttlunisnaas p IS wa9e 1N 0.5 WnssaIuad

el ANTUFRIWUS
AIVAA DT
(osmugadea) | (Wasidus)

1. 10

45
. 70
3 10

70
g 70
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=V
admANTy

& o g
FIBINIAITNIDU

.. &
savindnriirennia YEELLLIVHH

(GRS A

P - v a o
UM 3.1 LHUMWASERE ULV vRIsn
P o a - [ o v - & L1828 3% & o
LATRINUADINA: LATENEARINIA @11V IN AR UALWVIDSBaY 10 (A2 uTusn)
o ' b @ & o ey &
LAIRAURL @suaInIAA NTudNWNSsasas 70 (mwmjuga)

o ° v =l 3 = o e v f
_ATDINIANNSIY: ALEDILUUATY N183 3000 M6

= = ¢ a '
Aauf 2 M3diaszinUTinuasddylunaniou

o w

1), Wwamisuannavaaemeud 1 iaaansdidny lnownlulaauwaiweyiald
Tursnitfimisunis ualWauBuauaninnnsanalaedaidaudas :938v0s Km et al,
(2002) (8] InesnhwsiouuiunagidenUsinn 1 niuaiagigansavates ethanolic 10 fadans lu
vaon centrifuge Yun 15 Nadans Uarlvatv el sifaly 24 $alus diluthumiot
A3250Y- 10000 rpm 5 wnil weneewisansavanglaluinsiev

2). mATsimUiinuasueuvlgsiluivun medEiey-Aineisudoa Giusti
and Wrolatad, 2001)

ihansada 0.02 fiaddns IoaemsarsazarsUwieslaely 0.025 Tuais
Inunaounaslsidiresiinnuntiunia-rie 1.0 was 0.4 Tuans letdoussdamitiimosiiniiu

' O P o o v ¥
Wunse-se 4.5 NUWIAAINTIIAANAULAINAINUENIAAY 510 waz 700 unlutums teeldadn
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ndu uansFouiiou (blank) s1sauralugUuesiiadniuauyaleeniiau-3-nglaled fe 100

N5V NLA Imu’l‘iig}mnﬁﬁﬂmmﬁqﬂ

Usnauanswoulvlseniiuiavin (h%'f'?:{ft‘;:?:"m) = A XMW X DF X 1000 X CF/(e X 1)

a
dle A= (Age — Aroo) prre — (Asss — Aroo) pies

MW = 449.Z g/mol

DF = dilution facter= = 150

-
o
1000 = conversion factor from gtomg

187 pmar'n 10 h%ends eatdn
= +1 = =
CF = conversion factor= ————-0=——m—ur

€ = 26,900 L/mol

BTV mﬁmmmacﬂmn%uu,mmﬁmué’aLﬁaﬂwﬁwmia:meﬁwmﬁ Wuaan 15 v n1s

& o ' % a o 0o & o X
WmaEJ’l\ﬂ’lumLﬂuIUﬂ:m‘ﬂ.ﬂﬂ"lﬂ’l'iﬂﬂﬂauuaxll.wuu’m“uu

3), MSINABUAIAATINIOUNISAUBYNABEsY 2, 2-Diphenly-1-picrylhydrazyl:
DPPH (DPPH Radical Scavenging Activity) Anisued Y{Ine aseing wagmwus (2554) [27]

Thatsafn 0.05 Dadans Wuatsazaly DPPH WWudi 0.004% wwenlwidniulay

v v
U a @

L ea a v ] - = < L]
sl luitiiafiguvnilviad InAn1sgandunasiia ey 517 unluans S1eausaium

L% 15 @l EJU I../ 0 w
A tutesdsatafitudsauya DRPH 191:50%) (ICs0) Audas saunas

%DPPH reduction = [ﬁi‘fz] X 100 (3.1)
do Ag = ﬂ"lﬂﬁg}mﬂﬁULLﬁd’tjadﬂﬂiﬁzaﬁﬂmﬂLﬁnﬁ'ﬁaffm
A, = r-‘-hmi@mnﬁmma‘uaqmiazmuﬁ;ﬁuaﬁaﬁm _
ViBWMe: NsLR3suaTTazate DPPH 1ty 0.004% Tnudaihwiin OPPH 4 fiadniu avatouay
UsuuBiaslsiasy 100 Saddns #e tevusa Wudu 95% wasiiulumnden (Nevdaduims
gAwal AIswIsIviuvinawly
a). MsieisviuSsnaansiueasau (Total phenolic content: TPC)
yrarsanaun 0.05 addns Wuaisavatw  Folin-Ciocalteau reagent (fu

- « v v L al v d. ] INJ Qu IEJ
gasazarulalAuAITuBLUA L‘USJ‘I‘}’LI 10% Nﬂiﬂ.‘ﬂL'&l']ﬂUﬂ'JBLﬂ'iENL‘UEJ'IH"I‘iaSaWEJ ﬂsﬂﬂx‘l‘l"iﬂ_
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grumpiivies 15 unil Farnnsganduuad 765 uiluwas Ingldlagldarsazansfiuadnuaagiu
ptdy 0 me/L Wuansiisuwiey (blank)
13'1?1'1n"|‘sgmﬂﬁuuaqﬁdwu"l,ﬁlmﬂ?uuﬂuuﬁ’unﬂwmmgwiwiwmqm‘ﬁ’wﬁ'u
yosasUsznauituadnuinagiu (Wnu X) AuAimsganduies (wnu Y) nnaraluwnu Y Wielein
AmdudunAiluenu X uwdnhen X gusteAn dilution factor asldmanudiduves

-‘5 s (] il [ « A at [ ar 5 .
arsuUsenaunavualuansiatie iwdedu ppm wislulasniudeniy as gallic acid

VUNYLAR: dilution factor = 1 -EF et

ADUT 3 N1TNAADUADIATITVANYLYDINAMIIDURDIANTINITIUNA
1). ﬂwuauu’auanﬁ'ﬁmauasmawﬂauﬂuamﬁum v Foe s uunai
gaumail 45 asmalwaldod LevAim s udslueInrdesaz 10 uay 70, Sufiniminyn 30
A Qunsetatvn v euutas
2). ﬁwﬁmwmaaqﬁlﬁmwé‘amr\ﬂwm’mﬁ’uﬁuésswj'lm?mmmm%ur‘funa'l

(Drying Curve}

- ol = =t a v v = o w
AaU 4 N15UeA NS BUINIBUUSEANENHNITEUNKI TSR 1AULATIATEINIUNAY
wuuna
1), Wravseuanimauovsamiouluaziden syiwiidegoutasiainaiuiuuy
aeitgaumnil 60 ByAwadsa Tulimisdnign 30 uafl auassiaminbivasuidag
o v o vooas o | = F )
2). YAV Aa i HABANT IWAUENRUGIT NI NUIHTUAINTUNULIAN

(Drying Curve)
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(70 peAwaldoa) uazaeduduwmo (mnsuduivsluaniaisvas 10) Wuanneminlv
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navaspnLiulua I aziinasansinuaasndafiauuglian lnaiiulasinnisanaives

& | =1 a o - & o A v tel 1 1
Asdflusawmiouiigangd 70 | awrigedoa firawdudinivsluoinAnseiuseiiabl

WANANY
=2 \E
.'.::5 ;\;
pa J N
o 5B |
o 2 445C, 70%RH
= SN 2
& g «45C, 10%RH
;gﬁ ; e
e wely ©70C, 70%RH
b
c *70C, 10%RH

e (1)

o
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4.2 wavasanIzMIIiiaansd Ay lunaiau

QINNIsVARRIN LR a LA 1IEN1IMAABIR f5197t 3.1 Tngnsanvesnrmduly
navalouan 6.6 nimidensinhvinwe Tmumitﬁuqquﬁuaaammwu%u'lummﬂwnszﬁ"q
mutulusamioudu 03 nsudansudminu LLa.,ﬁwm'i‘i‘Lﬂi’nsﬁﬂ?mmaﬁéﬁmﬁ
ranaslunavdouw lnsfinnsunainansdrdyauvislunaniou l¥uransUszneuiiuea
wave A NaLnsasuayadasy 1agld DPPH radial scarenging activity waryUsunauau
Ilyeniudavin uansamsiiaszilumsd 4.1 MnsanTiAs s msiuwiigungl

a1 o

° v e o w i L] v o v v 1 ° Y o v o
QQV]'].L'V\'UilJ'lma'lia'\ﬂmvllﬂ']m']ﬂ']'] LLH'}"'{Iz‘Iﬁna'ﬂUﬂqiﬂqLLﬂq'UEIUﬂ')'l LaranusuNITVILUIN

gumaiiAeIn nslearutuAlunsdusssiWissognarlunisituiianas dawaliuiunm

o ) 1 =l v v J o v
GRFRUGRINGREE naftunsalidainarulunisinui

o a 0w o - ' v
A157149% 4.1 ﬂﬁ3.|F]ma7ia?ﬂmWﬂQLMaa'LuNa“uauqu

gl (@arnivaidea)

> 45 70
ANUTUANNND (Fa8aL)
10 10 10 70
U%mma’n‘mﬁvnauﬂuaaﬁmm (ilmsnsunanis) 2081.9 17413 17713 16386
UGN muau‘[vﬂ%muumuum Aulasniuneniu) 8967.3 4658.9 54859 2805.4
mmmuﬁn'lum'imamuuuaaai" (iaﬂa“) 56.8 473 48.2 45.1
JeyY nmmwmmmawnau 'uﬂm 18 25 6 9

4.3 SnYMEUDIHAIBURDIATINITIUL =
TnsanIsAaaInIiasiou dakamanisaaadluiite 4.1 uazd.2 Fadnw
AsvLdinavdauaaina dewalrnnsviuiesaaldiainy Tagvhalumsifisdnan1 i
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A1199 N.1 wanai v nuavsiouraImaapIMsIUiIHaMBUMIIATEI ULgIMATIM

Utniinvdauxa (n3u)

uvdnudautiu (nsu)

van (va) 159%RH 70%RH 1506RH 70%RH
a5°c | 70°c | a5°c_|.70°C | a5°c | 70°C | a5°C | 70°C
0 10.170 | 10450 {10020 | 10.080 | 10:100~ 10.200 | 10.230 | 10.140
0.5 7510 | 7120 | 8870 | 7920 | 8230 | %130 | 8980 | 7.560
1 6710 | 6120 | 8080 | 6.490 | 6390 | 4.820. | 7.850 | 5.450
15 6090 | 5300 7360 | 5660 | 5.180 | -3.900 |.6.780 | 4.250
2 56501 4,600 1 6830 | 4930 | 4220 | 3300 | 5950 | 3.410
2.5 5280 | 4080 | 6350 /| 4250 | /3550 | 2890 |.5200 | 2820
3 1,990 | 3530 | 5960 | 3710 7| “3.090 | 2.530 . -4.640 | 2.460
3.5 47300 |-3110-| 56200 3310 \| 2730 2260 | @170 | 2.190
4 4.490° | 2:620 °| 5280 | 2920 2.450.],2070 | 3820 | 2.020
4.5 4290 | 2360 | 5000 | 2600 | 2240 | 1950 |C 3490 | 1.890
5 0040 | 2210 |-a760" | 2330 | 2050}’ 1870 ¢} 3250 | 1.790
5.5 3860 4 2,020 |- 4,550 |=2:090 |1890 | 1.810- |/ 3070 | 1.730
6 3720, | 4840 |"4.310°| 1.900~] 1.800 |-1.7707 | 2.860 | 1.680
6.5 3550 | “L.7300 | 4150 | 1760 | 1.680° | 1720 | 2.790 | 1.650
7 3410 | 1.6604..3.980 |° 1700 | 1.600.-{ 1.720 | 2.600 | 1620
7.5 3270 | 1590 | 3.8001~1:680° | 1.550 | 1.690 | 2.470
8 3160 | 1.560 | 3630 | 1.670 | 1500 | 1.680 | 2.370
8.5 3030 | 1540 | 3530 | 1.670 | 1470 | 1670 | 2.290
9 2920 | 1540 | 3400 | 1.660 | 1.440 2.230
9.5 2820 | 1530 | 3300 | 1.660 | 1.420 2.130
10 |-2720 3190 | 1.650 | 1.400 2.090
105 | 2.620 3,090 1.390 2.040
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o ' H a W o v ' v < v a8
15799 n.1(aAd) LlaﬂﬂuqﬂunﬂaVlUE]‘LHJENﬂ'ﬁﬂﬂﬁ'ENn'ﬁﬂ']LLVNNa“uau‘:ﬂ')ﬂ\ﬂiadaULLﬂﬂqmﬂqnﬂq

vvinwiauna (n3) dminmioutiu (n3)
181 (a1.) 15%RH 70%RH 15%RH 709%RH
45°c | 70°c | 45°c | 70°c | as°c | 70°C | a5°C | 70°C
11 ~2.530 2.990 1.390 1.990
11.5 2.450 2.900 1.380 1.940
12 2.380 2.830 1.920
12.5 2.300 2.740 1.870
13 2.230 2.670 1.850
13.5 2/170 2.570 1.810
14 2.100 2520 1,800
14.5 2:040 2.460 1,800
15 1,990 2.410 1.780
15.5 1.940 2.360 1.750
16 1:850 2310 1.730
16.5 1.840 2.270 ) 1.720
17 1820 2.210 1.710
17.5 1.780 : 2.180 1.700
18 1.750 2.130 1.690
18.5 1.700 2:090 1.680
19 1.680 2.060
19.5 1.670 2.030
20 1.640 1.990
20.5 1.960
21 1.94
21.5 1.93
22 1.82
22.5 1.81
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4 1 : o 1 © 1 L ld v = ;
M1519% n.1(Ad) I.Lﬂﬂ~1L!'Wi‘uﬂNa‘MlJEJ'u‘IIENﬂ’]'iVIﬂa’eNﬂ"l‘i‘/ﬂLLﬁQNﬁ‘WlIE]Uﬂ’]ULﬂ'iENEIUI.lMQB‘ﬂJ'I/‘IQMWI

vhwinmiousa (n3) vhwinvieuiiu (n$y)
i@ () 15%RH 70%RH 15%RH 70%RH
a5°c | 70°c | a5°c | 70°c | 45°C | 70°c | 45°C | 70°C
23 1.78
235 1.78
24 1.76
24.5 1.74
25 1.8

nungwn: Uminiveviieusa = 1.38 A, dmtinuaamisulu = 1.29 niu

o H v | = = o v ' v v
ATV N.2 LARIUIVUNREVLDUYD ﬂ'ﬁV!ﬂﬁENﬂ'ﬁlﬂiﬂUW}ﬂ‘Uﬂ']'iﬂqQLMQNaWUGUWqﬂ%aULLaB

< o < a
\ATEWIWILUUNIAVIRABIVRRINAN 60 8 IYaITud

, dminmlousa (131 dvdnmdeniiu (h3y)
vaan (vu.) 1 AV e e w JL
fau LATAAVIIULAALUUN A fau LATDIVIIUMILUUAG
0 10.14 10.09 1008 10.07
0.5 9.29 B.55 9.02 7.76
1 8.82 7.91 8.38 6.6
1.5 842 32 7.8 5.64
2 7.93 6.83 7.08 4.87
2.5 7.64 6.46 6.73 4.2
3 7.23 6.17 6.06 369
3.5 6.94 5.66 5.58 3.26
4 6.56 532 5.17 2.94
4.5 6.21 4.97 4.74 2.68
5 5.9 4.66 4.34 2.51
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A 1 .ﬂd ar ) =4 = o v L} v v
M54 N.2(A9) WARMIVUNNAVLBUYDINITNARBINITWS GUMBUNMIMILNa i UMIuaou

wavlATaIWALUUNIAVIAaRIIgMYI 60 DI IwaITya

Unidnudauwa (n3)

uminuiautiu (n5u)

1287 (a) . 4 e - d .
Aoy LATEINILUILUUNTIA E]E)'U LATBIVINLUALLUUNA
5.5 N 433 2.37
6 5.33 403 87 2.28
6.5 3.76 2.23
7 4.85 352 3.08 2.22
5 3.29 2.19
8 .19 3.07 2.7 2.18
8.5 2.93 217
9 3.9 28 247 2.17
9.5
10 3.29 2,59 2,34 2.16
10.5
11 3.02 2.3
11.5 '
12 2.8 2.36 2.29 2.16
12.5
13 2.64 2.28
13.5
14 251 227
14.5
15 2.42 2.27

NUBA: UMTnumvenanisy = 2.00 niu
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ANANUIN U
nsanasgIudmiumsiaTsinYIiua silueasu

ABNMIINTINIIATE U
1), WSpnaIsaratsnsaLnadn AuLLdY 1000 ppm lnedansaunada 100 dadniu
ararelulevnsiusaltuIu 95% UTuins-100 iadans

2). dharsaralensaunasan ALty 1000 ppm dndeanlilamudududu 50

100 150 200 250 ppm

3). Waghathan 0.5 Tadans thinndu 3 Saddnsfiuaisazais. Folin-Ciocalteau
reagent  U311m5 0.5 iladdns tAnarsazaneleideuasuaiun-iuty 10% 3 dadansuiu
UsinsWiAsy 10 Sadans setndunanidiiudioeieseaisazas (shaker) saial i
gauuivied 15 Ui Sarnsganaudasil 765 wlimns Indldarsasargiiuednnasgumin

Wty 0 me/t Wuaswiaudisu (blank)

4), aimnshinRssIus T RAmNWIduTaEsUsyRa uRuBAMNATE U (Wnu X) Ay

AINTAANAULEY (WALLY)

1

0.9

d
o o
~ 0

ATNIINANALLLL

=
o
(=3

y = 0.0037x - 0.0403
R?=0.9913

.
© oo
w & U
*

o
N

o
s

T =1

o
+

e r—

100 150 200 250
fn'lm-immua'ﬁﬁuaanu'm‘sg'm (ppm)

JUT ¥.1 newiesgiukansdinIgandulmiumsinduasiuadnnnsgu
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ATARNUIN A
° o o v
N15AUIUNLNEIYR9lUNISNAADY

33n15A U2

1. YayalATasiualuuna

AN IINEluATEIUL 100  iadwms
ANe1INUlUATD DU 140~ fiaduns
Lﬁucimﬂuéﬂmwawiama'lu 50 fadwums

< v o I a =
AN N A aulwATaNRY 050  WRInaIuW

2. MIAUINAUGTIvesauTauluvio
A-'sv"s =3 Aﬂ'!uwv-a’!‘uv.‘wg;ﬁi k'v"‘ ' X L Y i ‘F.ﬂ'snu
w(0.05 m)*(v, ) = (0.1) (0.14}(0.5?)% = 0.8% m/s

[ &' ar
3. MIATUINAINYURAINITNAABIDUUNY
o [ ' Y| a = Y
vinnrsvnaate uniisunatayvtouluignvail 100 esriwaiges Wuae 24 $alu

INUIMUASLAL-10 51wy lnuninuivesvdeuna warnuawduininu 1.38 way 1.29

ASY BANETGY

Molsturs Cottont (@ykasts) X S me ey gy S i
" D NS B gtotal water
olsture Cot ¥ basls} X, W, P =
_lo80G-138 grotel water
o 1 A 100% gdry solid
g total water
=362% ——

g dry solid
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4. psAuReARIAYaIUn (Water activity: aw) [1]
o " -g ‘J Gll L 1 L] HJ ar ] o
INNTNARDINIMUARIANLTUNS LN UMIDE1aNaWTaUT 30% fhadhanisAuln

1 14 -l ' - “ lﬂy é = !l’ o v 1 as v
LU YLa1 330 U VHBUHAR UV 70 A IgalguamNTUAHUIMUALMILYVNAY 1.750 ala

AUl
1.750—1.38
Molsture Content X, = 138 X 100% = 2680 %

5. MIAIUIVAINTIADAUBUNADTY

ot ' ' :ll = ; J q' ' - i ar
FIIDEINVHDUNAVIRUVNNATIANTIURT ATNIIRANAULENINY 0.465

9DPPH reduction = [ﬁr;—:ﬁ] X 100

= 56.78

Wa A= r—‘hm'ﬁanﬁuua’waam‘ia:awmmﬁumsaﬁﬂ

' & o a Y
ﬂ'1ﬂ'ﬁﬂﬂﬂﬂuuﬂ?{mﬁa15353']5“'.51113']53”5]

=
i)
I

6. nsAruaLURINaaulnleyiluiiavin
G'hatheanTJ:‘uaqwu'auwaﬁa‘mwgﬁs‘ﬁﬂﬂmfuﬁwﬁﬁ1nﬁqmnﬁuuﬁﬂuam'smmuLi’Ju
A3AA1991997 pHL510nm, pHE.5510nm, pH1 700nm, pHA5 700nm did1 0.465 0.122
0.053 0.068 A uFAY
INAUNTT

oy o a2 d-Gepplwith-i—
z JHuviavua
Yinuansuaulnlosriuiamg ( = - 1

) = AX MW X DF X 1000 X CF/(eX 1)

dle A= (Age — Ared prse — (Bag —Hro0) pres

A= (Agg — Ase) prre — (Bawe — Aree) pes
A= [(0465 - 0.053) 0 — (0.122 — 0.068) 5]
= (.358

Vsinansuoulvlooniiuianin = 0.358 X 449.2 X 150 X 1000 X 1/26,900
_ Lalnfpiyatna- bl = nleh”
= 896.72 ( w23 afududnadis
= B8967.Z Wimirdufrin
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7. AsmanssuivasiunisinAeulnlueniiu
nswssuatsazalnwwadounaslsniwines 0025 Tuats (pH1.0) Taoda
Tnuvadeuraslsd 1.86 niu avatwsesihnduusunsuszsna 1000 Sadans uazas
wun I0A1 pH windunsalelasaein 37 wWesidus UiinasUseinm 5 Saddnsusu pH
1.0 sensiunsalalasaaain wlduaninusuing 1000 faddnsusulSinnseei
nau uazmsouasazaslewdion elad 0.4 Tuad (pH 4.5) Taedehuinledeued
1A 50.43 n3uavarssohnduUiiinsUsTna. 1000 addns Juazatovan Tae pH
windunsalelasaaasn 37 Wasiidud Yinmsuszuin 20 daddns Usu pH 4.5 fonts

wunsalalaspaasnuauvtarininusunnsuuin 1000 Nadans USuUSuasaetinay





