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The belt sander was designed to improve knife forging time
and addresses the issues of uneven bevels in grinding,
polishing, and sharpening processes. The researchers

designed and built a belt sander as a prototype such that it
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Keywords: can effectively cut and polish the desired material surface.
Belt sander/Grinding/Sandpaper A case study was conducted in a knife-smithing community

in Ban Non Yae, Ya Plong Subdistrict, Mueng District, Si Sa Ket

Province. The machine consists of a power supply unit, a set
of 90-degree pins on the machine base, belt rollers, a sanding
belt, and sandpapers. The machine operates by having the
motor drives the flywheel, which rotates the sandpapers and
grinds the knife bevels at the desired degree and size. The
results showed that the prototype machine, with a 5.5-inch
flywheel drive, reduced the grinding time by 26.39% (100.44
seconds per knife), increasing the throughput by three pieces
per hour compared to the traditional method. Additionally,
the workpieces obtained from the prototype were smoother

than traditional grinding.
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Article Info Abstract

Article History: This work develops a system for storing and notifying vaccine
Received: December 1, 2022 cabinet temperature data using the Internet of Things (IoT) and
Revised: January 27, 2023 evaluates the effectiveness of the proposed system. The
Accepted: February 20, 2023 system contains two main components: hardware and

software. The hardware uses a NodeMCU microcontroller to

Keywords: manage the alarm system. In terms of software, we use Visual
Internet of Things/Storage and  Studio Code to write commands and use the XAMPP program
Temperature/Vaccine Cabinet  to host a web server. The web server runs on PHP, JavaScript,

and a MySQL database. The effectiveness evaluation showed

that the system is user-friendly with an average score of 4.92/5.
The development of the vaccine cabinet temperature data
storage and notification system with Arduino via web browser
started from studying the working of the original system of the
vaccine cabinet and researching theories. Experts were
interviewed, and principles from related documents and
research of similar nature were also studied to gather
information from various sources. These were used as a
guideline for the development to make it easy for users to
operate the application, which can control and transmit data
through a web browser. The vaccine cabinet’s temperature
data are recorded in the database every 30 seconds, which is
displayed in real-time on the screen that users can easily
access. When the temperature of the vaccine cabinet is
abnormal, the system can alert users via sound in a timely

manner.
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2.2 MFAATIZRIZUU (System Analysis)
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2.4 NIWAIUISZUU (System Development)
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i1u9e LD légndfes nasouadeil 2 gumind 2931 ssrniwaidea madmtudeyaldgnies daudeauds
Fouldgnies wanwmaruae LCD Idgnies nadouadsdl 3 gumind 28.87 esmueaifea nsdaiiudoya

leigndes dudeeuwdadoulagndes uanwaniuve LCD lagndes naaaunssi 4 gumgil 28.56 oaen

U

waldea nsdniiudeyaldgnies dudesdafiouldgnies wanwmaniuae LCD lignées naaaunsad 5

gl 28.38 sarngaidea nsdaiutayaligndes dudesudufiouldgndes uanmaniuge LCD

q L]
v
\rL £% v v a

AgNeee NageUAsIN 6 gaumall 23.00 ssmwaldsa nsdaiudeyalagneies lidudssudadiow uanma

Y

H1UR8 LCD lagndes naaeuasan 7 gaumgll 24.12 ssewadeoa n1sdaiuteyalagnaes ludaudewds
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o uanswaruae LCD dgnies naaaundsil 8 gangfl 23.87 ssmueaidva nsdnifudoyaldgnies
lidaAsudaiou wanwmaruie LCD #gnsios naaeunssdl 9 gungil 25.06 ssriwaidea nisdaufu
foyaldgnies dudoududeuldgndes wanwmarue LCD Idgndes naaeundsdl 10 gangfl 25.69
asradea msdaiuteyaldgndes dudewdadiouldgnees uanmaruae LCD ligndos agunasn
nMsmagoutiavun 10 afa iogungil >25 ssmwaifa sxdudsaudaiou Weguunl <25 semn
arliidudsaudasion sruuinuldesagneias 100%

3.2.2 M5USLEUUSEANSANUDI5EUU LARan1SUSEUAILERTlUAIS19N 2

A191991 2 AS1NERIHANSUTEEUUSEANBANINYSINYDITE UL

318n15U 5K X S.D.

1. awnsandafeuriualngle 5.00 0.00
2. @unsalansan1uae LCD 1o 4.80 0.42
3. Wsunsuanunsaldauldegnegnsias 4.90 0.31
4. Wsunsuansadnldanulaeegnssinga 4.90 0.31
5. Tusunsuanunsa wis auudladesarldals 5.00 0.00
6. Wsunsuanansasenunalaeg1agnies 5.00 0.00
7. izwﬁamiaﬁ'uémii’ﬂ%ulﬁ 4.80 0.42
8. Mseonuuulusunsuiinumnzadlunisldanuy 4.90 0.31
9. Myvhnuvedusunsuiianugnaes 5.00 0.00
10. AMTINNNTTINUYRLTEULIANgNADS 4.90 0.31
374 4.92 0.21

9191999 2 wamsUsziulsEansameeszuundieann S 10 au uindvins
ApufaAeT $1UU 2 AU NETWIA 919U 5 AU uazTamThngual S 3 au Fadudmihiiused
Tsangruiadieuns duneadeuns Jmiaasazine wul lunisldnuszsuudamnudeyasazudafiou
gnumgiigiiuiadu fe NodeMCU V2 ESP8266 duiivdeussiiufiinniignde fe awnsaudafouniu
dlwald anansavivavuileteyadldamls Tsunsuanusaenunaldogiagnies msvinuves
Tsunsuiiaugneies (X = 5.00) sesawn fis Tsunsuldnuldegregnies Tusunsuamnsadildauld
9819590157 Mseanwuulysunsudanumingadlunisldanu lnenmswnsinuesssuudinnugnses
(X = 4.90) uA¥T09AN AaunsauanINarILae LCD Ie szuuifeusafugduyiaduld (X = 4.80)
ANLEIRAY

o/

4. AUs19NAaN1538

[
v A va o av e o

M3IeAslideimnsruuinnuloyanarudafougamaligiiuindu Ineldounsalauenails

# (Microcontroller) figunsaiudn 4 Ao Arduino IDE ESP8266 Lufnansisumduasaiuaugunsal

a

wARENTITIRRUMITIANGWLETYN 9 30 TunTl uazuanmaNntIge LCD Wogmmail \fiu 25 a9

= o v A A o Y v a a o Vg <
LRLYYE QSW']ﬂ']iLLﬁNLmE]U"LﬂWa'ﬂWQ #ADAAADINUAAUTE AN TRInn LAz AtUy [1] iﬂﬂﬂ'l?}']lﬁaﬂﬂ")']mﬂﬂaﬂﬁlw
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' a a '

29981 (Drug stability) ﬁisumamﬂﬁﬂuﬁadﬁﬂwﬂu (controlled room temperature) o POUNYUITNIN

q q U U

20 §i¢ 25 sarwalded WeihuAwinAeisguvgiaaumans (mean kinetic temperature) aglalyl
WA 25 ssrwalded lngegsznine 15 63 30 asrwalfed snnseufiiinisseyliinuiigungiiesd
4 2 A AU A =~ 2 Py Qv v &
muauviseiuigaumgilaiiu 25 esmeadva e1aiuluaauidu (cool place) Ald uenanfisvuuay
nsiivdeyagamg dimualilugrudeyaii etluwanssenuruivuiwes denandesiv
aunsn Jusaniday wazame [3] la39815 osszuumvaunisila-Taln Wiuiviusiiwes lagld

Lilasmeulnsataes Arduino viwihfiuszuianateya Module Wi-Fi ESP8266 viwthisudadayaniu Wi-

v '

Fi aauRun1s Wa-Uall uazudsaniugnisiln-Ualn deszuuiianuannsalunissuuasdsoyasening

nsvhuvesgUnsalmuanLazIvUTes Feszuvaunsandufiounnudsafieoamaddiiuiadu
dWinTunsenasangangfinssalidmsudiiuindu JuiindeyagumgliglAvinduasgiudeyaldvn 9

U U 9

30 Wil uansdayanuasale wanan1svinuRILIvIUT e TR UM YU U UNsalld wanwa

¥

Joyaluguhuumsuuazuuun auIaIasuasinnsumsgldlunsidntedeyals uazaenndesiu
411 Tauseivgsssu uaviaan Soeiagsssu [6] Mildedunsaniduiseunseioniaingumgiuazain
Fuwvunnmvsendandanuliinisiausiieadunisiilalasreulnsamesnsena MCS-51 Luas

AT8958252 w1Usrenaldiuiiingungiuazainud i eldlunisussuianawastuiinuan1s in

o
LY (2 o

wuusiatilodlaedl LCD wananan1sinailaazhananadusinay auisagauaniunailunisduiiniay

aunsadanalunsduiinusavasalameiliodeinsgdeyaaunsouaninasenuiNleneuiinoiiag

Y
asafinvieanugninaTesiinld denuidediideunneainanidedenanlaun 3deiaunssuy

grudeyadmiunisdaiuteyaniinisiivieyasnmginiu web-database-application Feludagiuiley

& v (% o o ]

1% 10T Platform Tunsiiudeyaaenadesiunmsideidosunaniosudumesidavesassnds prusnd oy
nsai1sassAuinnssuAdva nin walwyad [5] nanidumesiinvesasmndmie loT Wumeluladd
FHosnanNaunye IR IR e sauasonduas wagnnsdoas uns loT Platform Wuwadlou
Tassadeiiugufidaesnsanuasanliinfauiannsaadassduanudi oT Ideg1esniia
annszmsBnfaguaszudoas ssuuidsnoiviogudeyala 1 uasthiausunanviosu NETPIE nsvdu
TAnN19a319as AR loT S‘z“faLmmm'1ﬂmi%ﬂﬁﬁﬁmmizwgm%@aﬂasﬁumu,axﬁmmamﬁwmu
H1uszuuiuseundindu (Web Application) tngldniseanuuuiivledluguiuuves Responsive Web

Design wialianunsnsessunisiaulannaunsal nsldnuiaunsaldnuldie azainnni nnaad

av e o a £ =

wennilsyuudaiudeyauazudufougamaifiiuiadu Sszuugudeyadmsunisdaiudeyaiinig

U

a a '

Lan 958U UTEUUA UK UNELATY HnsUsediulszaniamuesssuy nansussdulszaniainse
SEUUIMNELTEInEY tnenmsaneglusedudunn aenndesiunuide neiw Sauglea [7] 163deiseans
funszuunTinnunmiilagld loT Wefaauamun e UNEIRTY TngseuuasauALEnINE

nsinAunmUkanIadeyaeanintuzUrem1se nanld uasthluneaeddaudungudiegis dau

Y

v
N va v @

fanelalunwsamegluseduinn NelITeiuiseuuAmITiRLIsTUUNSUIBfeuN UL Unandy Hotle

U
v
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5. #5UNaN1539

n3398aseilidunsidenag i (research and development) iewaussuudaiudoya

Y

v o

wazudnfougaumgidinuiadu lngldgunsalanenatled (microcontroller) Wawsaruiduigesiiiodn

a =

gaunlinazlousdotudlnsdmsuidandounsdloamgligwioniunitfinmvuall ssuvaiunsoidouss

fudyaradumesilanugunsniueawanesd Wediloyasaumaiiludaiivasgiudoyann 9 30 3ud

aa v

fiszuugudeyadmsunisdaivdoyadnisuanssieuiiussuuiivieunindu G43381435338
WeUSuna Inegldnismeunuvasuaiuussiiulssniainvesssuu Inedldeansy lnennsineglusedu

a
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Article Info Abstract
Article History: This study examines the supply chain management issues
Received: December 2, 2022 faced by GAP Thai Jasmine Rice Community Enterprise
Revised: March 2, 2023 Group 105, located in Ban Yang, Nam Kham Subdistrict,
Accepted: March 15,2023 Muang District, Sisaket Province, with the goal of proposing
recommendations for improvement. Data was collected
Keywords: through purposive sampling from the enterprise group,
GAP rice/Supply chain/ local mills, rice exporters, and consumers who purchase
SCOR Model from local mills. In-depth interviews were conducted with

the participants, and the results were analyzed using the

Supply-Chain Operations Reference (SCOR) model. The
study found that the Plan, Source, Make, and Enable
processes require improvement. These findings suggest the
need for interventions in these areas to enhance the
supply chain management practices of the GAP Thai

Jasmine Rice Community Enterprise Group 105.

1. UM

o w

Fruduemsudnvesuszeinslan [1] dmsudnulszmaddeandniiddayvedantutagiu
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a a

fo duide lne uaz Toauy lagdszmalnedseandnluinivuenin uasnivglsvunniian [2]
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fniiimsufoRmunsdnssuuinuasiia (GAP) Afuslnaldlvinuauasndoniinzdedufindudmiunig
U3lnadilsmevaussionisiigunmiia Fwmannd1iduniduasdnidnsufifnumsinszuunuasio
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Ju goens uarealud diudenduniduardaiifinisufiRnussuunininuasiia (GAP) fiw1aun
suazgeninsmdndonily Sadulemauaztomsduivessnuilnelunisiivsfiuuuianisuan
Frdun3d wardmfiiinisuftRnuszuunsnunsiin (GAP)
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FminrSazinuinismzgndnildiunisiusesnmsgiu GAP luvans 9 81ne waznildunga
fildn1ssusewmnsgiu GAP dudle ndunuasnsainsdiuatind suneides Smiaaiaziny eldvhns
wnzUgninventzdnunnsgiu GAP uaztugudnisiieusianmnsalvianuiunyanafiaulals 34y
HaqiudrveuusAumsgiu GAP fanudesnsfifisnnntu esnmsuszeuiusaulaludese s
Jaeadfeinniu sauiluianiesglatinsaivayuuasinisdeasliiuimuanesinlaonsts dsdmane
arudesnislumsuslnadudasnansiin [3] wasnguiauieguudnovenusd 105 Fiuens suatem
Ixvin1ssnsadiol w.a.255¢ faurdnitenun 348 Au nandndrulngaggnuieliiulssdadyan
warundmazgniiulifueangluaiiseu

nszvaunsmeluldgunutiiveunsd GAP Uruens Usenoulusag nssuiunisaewey (Plan)
NTLUIUNTIAN (Source) NT¥UIUNINER (Make) NsyuIUNNTAIUBU (Deliver) WaznsyuluMsaduayU
(Enable) [4] Fetlgymiinululdguvmudnomenszd GAP fle Usinamanand1audenaninuasnsliiiioswe
donudeinisveslsed Fsnnsanfindszavinmuedddgunutusndudesiinis@nviuaziiesey
nszvauntamelulsgunuliiiufaussidiusinag Adeudetudeussuihdsaet Inedanuudianans
$reBanmasuiunuldguniu (SCOR) (51 IdFumsimuniiossuisfanssumsgsiafifsndesiunnduney
YBININBUAUDIANUABINTVBIGNAT FILUUTABINTTEBINIATuulggumuesUseneumenany
druuardnseideununszuiunisInnsman 6 Usen1s Usenaume nTsUItnIsyaugL N5EUINnsinm
NFLUIUNINEN NTLUINTAWOU NTEIAY WagnseuIuNIsATiuayY

mAteiiifaguivasdifiodnwnsdanslsgunundguiamiagusudiveunsd 105 Trueng

Ingldfmuuuinassgadamsaniivnulgguniu (SCOR) Anwuarinsigividlggumuiiveussd GAP

a o v 4

diebilddaiauonuzlunmsimuldgunudnmenusd GAP iiluunsguiesiu Jsdaiduddifyiioe

ludnsnnaunuiazn1siauiseuud1vienssd GAP lungulamaagueudivenusd 105 Uruens

fuatne gnewdles SmineSavinwuazanusodennaadivensmansnigualaliniudAglueuan

2. 35 ndun1538
2.1 Jsewns

Uszng Ae loun naunensnsnguiamiaguvudnavenusd 105 Uauens

2.2 NHUAT9E
naunuasnsnauiamfagugudennyd 105 Yrues Miduymreafivszauainudiiadiiu
nawdnswau 5 au udneudony §uins wamhaulsddndSueadivihdyaniunguianiaguau

1w 5 au dawweniiduafiulsddsuneg 2 au {uslaafigedianlsd@dtueadiuim 5 au Jaivun

nauegweIsNsduegslifinuuiezidu (Non-probability sampling)

2.3 wavasdanlylun1side
nsewioldlun1ide Ae lnensdranirauuldisnsduniwalidedn (In-depth interview)
Tduvuduntwaluuudlaseas e (Structured interview) M1unsauYed Supply Chain Operations

Reference Model Revision 11.0 &slau3uuseann [4] nMsnsigideyaainnisdunival (interview from)
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N v =
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= o
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3 v
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2.4.1 Yayaugugil (Primary data) Ao Toyailaanni1sdrsanguaiest laglduuy
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The objective of this research is to investigate the annual
rainfall statistics and the shedding of Ban Phon Sai dam, located
in Nong Bua Subdistrict, Kantrarom District, Sisaket Province.
The research utilizes 14 years of rainfall data collected from
Hua Na dam’s rainwater measurement stations, which was
analyzed using statistical and hydrographical methods to
identify the reasons for water retention problems in the dam
area. The results showed that the annual volume of runoff
amounted to 845,733,595 cubic meters, with an average
monthly flow of 70,477,799 cubic meters. The highest runoff
flow occurred in September at 277,002,000 cubic meters, while
the lowest runoff flow occurred in January at 32,987.50 cubic
meters. Based on physical surveys, the water retention
problem was attributed to the following factors: a small level
difference in the area, sand sediment deposition from the flow
of water from Moon River and runoff water, which flows rapidly
in and out after rainfall in a short time, and the continuous flow
of groundwater into the creek due to the lower water level in
the creek than groundwater. To address these issues, this study
recommends digging the basin to the volume of the basin as
analyzed and flooring the basin with solid material to improve

water retention.
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melatonin at the target sites limit its potential as an

Keywords: anticancer agent. This study aimed to develop a new class

Melatonin/Melatonin of anticancer agents by N-substituting the indole ring of

derivatives/Cytotoxicity/ melatonin and testing its derivatives on human liver (Chang)

Chang liver cell line/ and human liver carcinoma (HepG2) cell lines for their

HepG2 cell lines cytotoxicity using MTT assay. The percent yield of N-methyl

melatonin, Acetate melatonin, Benzoyl melatonin, and

Napthoyl melatonin derivatives were 43.41%, 44.78%,
54.55% and 30.50%, respectively. Interestingly, melatonin
showed no cytotoxicity on both Chang liver and HepG2 cell
lines after 24 h exposure, while all its derivatives showed
cytotoxicity on both cell lines at varying levels. Therefore,
these findings provide promising insight for the
development of melatonin derivatives as effective
anticancer agent, which can be further improved for its

selectivity in future study.

1. Introduction

Cancer is a leading cause of death worldwide, accounting for nearly 10 million deaths in 2020.
Human liver carcinoma is the most common cancer in the world and is responsible for more than 600,000
deaths annually. It is the third leading cause of cancer death in 2020 (830 000 deaths) [1-2]. The majority
of patients with hepatocellular carcinoma die within 1 year after the diagnosis. At present, the treatment
of hepatocellular carcinoma mainly includes surgery and chemotherapy, but the curative effects of the
existing chemotherapeutic drugs are not good enough, and they have numerous side effects. Therefore,
searching for highly efficient antitumor drugs remains a hot research area [3].

Melatonin (N-acetyl-5- methoxy tryptamine) is a hormone synthesized and secreted by the
human pineal gland mainly during the night since lisht exposure suppresses its production. It has been
shown to directly induce the cell death of different types of human tumors such as MCF-7 breast cancer
cell line and prostatic tumor cell line LNCaP [4-6]. Moreover, melatonin exhibits natural oncostatic activity

and inhibits cancer cell growth [7]. However, the use of melatonin as a drug is limited despite its low
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toxicity. It also has some pharmacokinetic issues such as limited oral bioavailability and short half-life,
which limit its tissue availability [8-9]. Therefore, many researchers try to modify its structure to improve
pharmacology properties and also therapeutic effects.

This study aimed to develop a new class of anticancer agents from melatonin core structure,
focusing on N-substitution at the indole ring and to test the cytotoxic effect of melatonin and its derivatives

on human liver cell lines: Chang liver and human liver carcinoma cell line (HepG2).

2. Methodology

2.1 Chemicals and reagents

Human liver carcinoma (HepG2) cells were purchased from Cell Lines Service (CLS;
Germany). Dulbecco’s Modified Eagle’s Minimal Essential Medium (DMEM) and Fetal Bovine Serum
(FBS) were obtained from Gibco Invitrogen (Grand Island, NY, USA). The chemical 3-(4,5-
dimethylthiazol-2yl)-2,5 diphenyltetrazolium bromide (MTT) and antibiotic (streptomycin and
penicillin) used for cell culture were acquired from Gibco Invitrogen (Grand Island, NY, USA).
Chemicals and solvents for the preparation of melatonin derivatives are melatonin, methyl iodide
(for N-methyl melatonin), acetic anhydride (for Melatonin acetate), benzoyl chloride (for benzoyl
melatonin), napthoyl chloride (for napthoyl melatonin), DMAP (4 - Dimethylaminopyridine),
dichloromethane, pyridine, methanol, hexane and ethyl acetate.

2.2 Preparation of melatonin derivatives

Weigh melatonin and DMAP were dissolved in a round bottle flask with 1 mL pyridine
under CaCl2-tube to avoid moisture. The acid chloride was slightly added and stirred for 5 min in
an ice bath. After that, it is continuously stirred at room temperature overnight to ensure the
reaction is complete. Thin-layer chromatography was used for determining whether the reaction
was completed. The reaction mixture was concentrated afterward by a rotary evaporator. Finally,
crude products were further purified by column chromatography (CC) under various eluent systems,
which started from a non-polar solvent (ex. 100% hexane) to a more polar solvent by the
combination between hexane and ethyl acetate to give products as shown in Table 1.

2.3 Cell Culture

HepG2 and Chang liver cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and 1% streptomycin and penicillin. Cells were
maintained at 37 °C in a 5% CO, incubator to allow the cells to grow and form a monolayer in the
flask. In all experiments, the cells were grown to 70-80% confluence.

2.4 Measurement of cell viability (MTT assay)

The effects of melatonin and its derivatives on cell viability were determined using the
MTT assay. HepG2 and Chang liver cells were cultured in a 24-well plate, and the cells were

incubated for 24 h at 37 °C in a CO2 incubator of 5% and 95% air mixture. After 24 h, cells were
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treated with various concentrations (12.5, 25, 50, 100, or 200 uM) of melatonin, and its derivatives
(1% DMSO (Sigma-Aldrich, Germany) was used as a negative control. Cultured solutions were then
removed and replaced by 200 ul of MTT solution (0.5 mg/mL in a culture medium). The cells were
incubated for 20-30 min at 37 °C under CO,. After that, the medium was removed, and the
formazan crystals produced in the cells were dissolved by DMSO (500 pL/well). The absorbance
was measured at 550 nm using a microplate reader (Bio-Rad, Model 680, USA).

At least three duplicates for each sample were used to determine the cell viability. Under
these conditions, DMSO was not toxic, and cell survival in negative control was assumed to be

100%. The percentage of cell viability was calculated on the basis of the following formula:

% Viability = Mean Absorbance of sample x100 (1)

Mean Absorbance of negative control

2.5 Statistical Analysis
The data were displayed as a mean + S.E of results obtained from at least three samples.
One-way analysis of variance (ANOVA) was used to assess the significant difference between the

treatment and the control samples, and a p-value < 0.05 was considered statistically significant.

3. Results

In this study, we tested new compounds including N-methyl derivatives and ester
derivatives (acetate, benzoyl, and napthoyl derivatives). There are two substitutions for ester
derivatives: alkyl group (acetate derivatives) and aryl group (benzoyl and napthoyl derivatives). All
of the derivative compounds and structures are shown in Figure 1.

Table 1 shows the percentage yield of the products that we found. After obtaining the
melatonin derivatives, all compounds were determined for effects on cell viability by using an MTT

assay.

HiCO

It
. : . -MH—C—CH;
N

|
R

R = H (Melatonin)
Chemical | transformation

R = CH, (N-methyl melatonin)

_ 0] (o] ]
R= J\c or or
o, S Ty
P P
(Melatonin acetate) (Benzoyl melatonin) Napthoyl melatonin

Figure 1 Chemical structures of melatonin and Its derivatives
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Table 1 Percent yield of melatonin derivatives.

Melatonin derivatives Yield (%)
N-methyl melatonin 43.41
Melatonin acetate 44.78
Benzoyl melatonin 54.55
Napthoyl melatonin 30.50

The result showed no cytotoxicity of melatonin on both Chang liver and HepG2 cell lines
after 24 h exposure when compared to a control group (Figure 2). For the result of melatonin
derivative, all its derivatives showed cytotoxicity on both cell lines after 24 h exposure when
compared to a control group. At low concentrations (12.5 — 25 uM), N-methyl melatonin showed
no cytotoxicity to Chang liver cells. However, at higher concentrations (50 — 200 pM), it showed
cytotoxicity, which was significantly lower in % viability when compared to the control group (p <
0.05) (Figure 3). The result showed acetate melatonin at all concentrations had no cytotoxicity on
Chang liver cells, but it showed significant cytotoxicity to HepG2 cells (p < 0.05) at high
concentrations (100 — 200 uM) (Figure 4). Finally, for benzoyl and napthoyl derivatives, the results
were similar on both cell lines. Benzoyl melatonin was significantly lower in % viability at all
concentrations when compared to the negative control group (p < 0.05) (Figure 5). At low
concentrations, napthoyl melatonin had no significant differences (p > 0.05) among the control
group, while higher concentrations showed significantly different results when compared to the

control group (p < 0.05) (Figure 6).

120

100
8
6
4
2
0
0 125 25 50 100 200

Concentration of Melatonin ([IM)

% Viability
(=] [s=] [==]

(=]

[l Chang liver g Hep G2

Figure 2 Viabilities (%) of Chang liver and HepG2 cell lines after 24 h exposure to melatonin at
various concentrations. All data are expressed as mean + S.E. (n=3).

*Groups are significantly different from control values (p < 0.05).
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Figure 3 Viabilities (%) of Chang liver cell and HepG2 after 24 h exposure to N-methyl melatonin

derivatives at various concentrations. All data are expressed as mean + S.E (n = 4).

*Groups are significantly different from control values (p < 0.05).
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Figure 4 Viabilities (%) of Chang liver cell and HepG2 after 24 h exposure to melatonin acetate
derivatives at various concentrations. All data are expressed as mean + S.E (n = 4).

*Groups are significantly different from control values (p < 0.05).
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Figure 5 Viabilities (%) of Chang liver cell and HepG2 after 24 h exposure to benzoyl melatonin
derivatives at various concentrations. All data are expressed as mean + S.E (n = 4).

*Groups are significantly different from control values (p < 0.05).

120

100

% *
8 % .
*
I * I
0 I
0 12.5 25 50 100 20

Concentration of Napthoyl melatonin (M)

% Viability

B (=)

L] L] (=)
*

[ne]
(=]

0

B Chang liver g Hep G2

Figure 6 Viabilities (%) of Chang liver cell and HepG2 after 24 h exposure to napthoyl melatonin
derivatives at various concentrations. All data are expressed as mean + S.E (n = 4).

*Groups are significantly different from control values (p < 0.05)

4. Discussion
A considerable amount of evidence has been documented on the efficacy of melatonin in
reducing tumor growth. While most of these data are from studies on experimental animals [10-11],

trials in humans [12-13] with a wide variety of different cancers are also suggestive of the oncostatic
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actions of melatonin. Moreover, in vitro model found melatonin inhibited the growth of prostate cancer
cells (LNCaP). [7] In addition, many studies suggest that natural bioactive compounds and their synthetic
derivatives could be used in combination with traditional chemotherapeutic agents as potential anti-
cancer therapies. [14-15] In this study, we employed melatonin derivatives and studied the ability to
promote cell death in human liver carcinoma (HepG2) cells. According to these studies, all newly
synthesized compounds were tested for cytotoxicity in normal human liver cell lines (Chang liver) and
human liver carcinoma cell lines (HepG2) using an MTT assay. The results showed no cytotoxicity of
melatonin (12.5, 25, 50, 100, 200 pM) on both Chang liver and HepG2 cell lines after 24 h exposure
when compared to a control group. The results of this study are consistent with a study by Fan et al.
(2010), which tested the cell toxicity of melatonin by MTT assay by raising HepG2 and Bel-7402 liver
cancer cells in a cell culture diet containing melatonin concentrations of 10-8-10-5 mol/L for 48 h. [16]
However, all of the melatonin derivatives showed cytotoxicity on both cell lines after 24 h exposure
when compared to the control group. Interestingly, all compounds, especially nathoyl- and benzoyl-
melatonins, exhibited slight selectivity against HepG2 cells over Chang liver cells, and melatonin
derivatives showed higher potency than melatonin, especially the ester derivatives. The Aryl group
(benzoyl and napthoyl melatonin derivatives) showed high cytotoxicity on both cell lines (p<0.05) and
more than N-methyl melatonin derivatives (benzoyl melatonin > napthoyl melatonin > acetate

melatonin > N-methyl melatonin> melatonin).

5. Conclusion

According to these results, melatonin derivatives showed higher potency than melatonin,
especially the ester derivatives. The Aryl group (benzoyl and napthoyl melatonin derivatives)
showed high cytotoxicity on both cell lines (p<0.05) and more than N-methyl melatonin
derivatives. These results suggest that newly synthesized melatonin derivatives, N-methyl
melatonin, acetyl melatonin, and benzoyl melatonin have cytotoxicity to HepG2 cell lines more
potent than its parent compound. Melatonin and Its cytotoxicity potency may be partially
associated with more lipophilicity of new synthesis compounds, leading to higher cell membrane
penetration. Lipophilicity is an important drug property, which impacts drug uptake and
metabolism. It also plays a dominant role in promoting off-target binding or promiscuity, with
increased lipophilicity leading to an increased likelihood of binding to unwanted cellular targets.
Therefore, these derivatives should be studied for their specific actions on cells. However, the
results of this study could be used as preliminary data for the future development of melatonin

structure for better selectivity.
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1. UNUI

This quasi-experimental research aimed to assess the effectiveness
of health promotion programs for patients with uncontrolled
diabetes mellitus. The participants were patients with uncontrolled
diabetes mellitus at the diabetes clinic in Pho Sai Hospital, located
in Pho Sai District, Ubon Ratchathani Province. The study included
an experimental group of 40 individuals and a control group of 40
individuals. Specially designed health promotion programs for
patients with uncontrolled diabetes mellitus were implemented,
and questionnaires were utilized as research tools. The intervention
lasted for 12 weeks. The quality of the research tools was evaluated
by five experts, yielding an Index of item-objective congruence (I0C)
value of 0.94 and a reliability analysis using Cronbach's Alpha
Coefficient of 0.96. Statistical analysis involved the use of
frequency, percentage, mean, standard deviation, and independent
sample t-test. The results indicated that the experimental group
demonstrated significantly higher mean scores in diabetes
knowledge, healthier patient behaviors related to uncontrolled
diabetes mellitus, and reduced blood sugar levels compared to the
control group, with statistical significance at a P-value < 0.05 (95%
Cl 3.16-7.84, 6.33-10.36, 1.69-6.56, respectively). In conclusion,
health promotion programs for patients with uncontrolled diabetes
mellitus can effectively improve knowledge levels and lead to
healthier patient behaviors related to uncontrolled diabetes
mellitus, thus contribute to a reduction in blood sugar levels.
Therefore, these programs should be implemented in health
education activities for other patient groups. It is recommended to
incorporate health education programs within service facilities to
facilitate effective communication and promote appropriate health

behaviors for achieving optimal blood sugar control.
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suadid Independent t - test 1U31 ndan1IMAaes NuMAABEsEAUANLIABITUlsALUIMILeElY
seUge (Mean=13.11; SD. = 2.77) FeeAzuuuiad sganiingumuay egiidoddymsadad

P-value < 0.05 wgAnssuvesUlsiumuiinuansgivimaliliegluseauuiunals (Mean=90.45;
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S.D. = 6.63) FeAnAzuuLABgINIINgUAIUAN Be iR amnaaRAT P-value < 0.05 SeduIAnaTy
\Foauinfu 153.43 mmol/L (Mean=153.43 mmol/L; S.D. = 7.69) Fariadstiosninnauniunu og1edl
P-value <0.05 (95%Cl 3.16 - 7.84, 6.33 - 10.36, 1.69 - 6.56 AuaWU) fanandlu

d‘

Hudragnisadiann

AN5197 2

A15197 2 MsLUSEULBUANNLANAIBIALaREATLULAINS A IR ULIALUIIIL NeRnTsUved Ul

wanuinuAuszaudinakild wagssrudinaluifen seninangunnaILanguaIuAy

NAINISNAFDY
NPUNITNNADY YA9INISNAADY
Auus
n Mean S.D. P-value Mean  S.D. t P-value 95%(Cl

anufifeafulsaumany
ﬂajwmaaa 40 9.41 2.05 0.256 13.11 277 7.484 .004* 3.16-7.84
ngueauAy 40 912 239 955 257

a v a o % My
WE]C"]ﬂiill"UENF‘\!‘UQElL‘U"I‘Vi'?'lu‘ﬂﬂ?Uf’!uizﬂUuqﬁqavLulﬂ

ﬂﬁjll‘ﬂﬂaa\‘i 40 64.87 6.79 0.885 90.45 6.63 2.942 .001* 6.33-10.36
ngueUAN 40 6523 6.49 66.17 689

suuthanaluden
ﬂ@jwmam 40 198.36 7.38 0.885 153.43 7.69 2.942 .001* 1.69-6.56
ngueauAN 40 197.08  7.92 196.18 882

o

*wneds MmuatidRyiseau P-value < 0.05

4. 3AUTIHHANTTIVY

1NN1sAnIds waveslusunsuaraaiuavamludiismnuiimuauszduimalals
{devetnauen1seiusena il

9NHaM5IT8 nUdn nauveaesiirveInzuuLIRAsYeInNNIABITULTAUIMY WY AnTTUVRS
fuhsiumuiinuauseduimalild amevdsnislasuls unsuadaasuguainlugvasumaud
mueuszAuiinalild gendindguaiuay uagseduihmaludentosninguemuauildsuianssuns
auanuundlungugUaslsatuimiuveslsameiuialnsing iesannguiaegaldsulusunsus
lngUssgnalinguinisdnnisnues (The Selfmanagement) [4] Wuiian 12 dUandi laun 1) Aanssy
a¥eduiusnin Fuaamstuiindoyauuutiufinnginssy vsserennudiedsaumiu aug 01
nslaafu anizunsndou 2) AvnssumumumnudiFedlsaummiu aissiufiferiunsianisnuies
waznginssunisguaguninaesgiielsauimuiimuguszduiinalild 3) Aanssunssduiounay
yuyuanLiBeslsaumniu aienssuiifsntunsianisauesuagngiinssunisquaguanussdiae
lsamviny 4) AanssunisasisanuniagilaluauausavewmuiaryseiliunanisuUanuveuae
15ALUMIIU WA 5) ﬁamiuﬁmmmzﬁuﬁwmﬂwﬁamLLazﬂwsﬂﬁﬁ’ﬁmuamﬁ%%’a&iawﬁuﬁ%ma‘iuﬁam
Tulusunsudsznausedeiivannuans 1éun usuiulvinmg You tube, Smart phone, Power point Uaz

Aanssusneg Useendld FafanssudanaasyihlinguUisiumnunasuausgauiiaialilaiin
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awvaov a

wsegdlalumsufiRdhinzan FshanssusananaenndestuuTunvesyuvulazngusiogmnauilai
silunsAnuazindula fnsseauanuAndiu fmsfinnussduimaluden shlvingusednsldsuns
duaSunaziauiniug anusuimuauamlunsuiiinu Jeilvngudiegisanunsaseanuazandn
arudfildsuintunnnitneuntsnaesuarganingualuay denndesiun1ide navedusunsums
Jamsnuesuazaseundesiuslulnadue fudvesgeenglsaumnuiail 2 Insdafanssuuas

afraussgslalingudegnadidsuluyninssy annsseus ilinendinisveaaes nqunaaesd

'
aaa

arudiFedlsaiumnu gandinguaiuauegaiiiddmaadad P-value < 0.05 [8] Aedlanadumsrzds
AonssumumumnuiBeslsaivumnaiensiviifsatfunsiamsmuesiasngAnssunisguagunin
vosfthelsaummiu InsAanssunsiiouinmsianssuiumsiFeudiiunmsieudmanguiaugiums
UHUR satamsbigiseulidsulunmsdurudeyauaznisiiauetoyaniouiunsdnaiuwuuseyana
wazsenguszneudonadsudiliarudideatulsamiureanguitasivmmuimuaussduing
lailffutu aunsnduasuliAnnsufdinginssuivansay uaroradunszinslideldvieifiuans
ATILTUNSIRINTRARlIAIUTYL HansEMUYBINIAIUANTERUT Al Fvesine wasduuuvesyaRg
fiduuwanaiudifianmmainlsawmiu fuuuvesyaraiiguadtisiidulsamnuiiiausanasiy
fnswanudsutssaumsainsguadtaslsaummuiiaauauseduimaladld sudanslingunaaesd
dusaulumsuanivdsunadiosnnusuismesiislsaummuiinuaussduihmalaild uazam
yoamsmuausziuthmalildvesiioe Fanmsimginssunisiulssnuensuazmseeniidanmedndu
mﬂﬁ’uﬂ’rﬁmuamsé’uﬁwmamaﬂﬁﬂw donnaaeuNsANYIHATEUTINTUNITIANTAUDILAZATEUATY
songAnssunisuilnronsuagseduihmaludesvesidulsaumurind 2 Sdlddineimunianssy
Tunsusudsunginssuguamilsnzauiungusiaogne Taglivdn 3e.2a. Wuna 12 dUnnsi m1davii
TWsunsuaiaasuauamlugisiumusiuiuaseuaiinaziin1sAnnunaresfianssy i linganng
veassnguvinassliAnadsaziuLmNSAnITUlsAITIL NeAnssInUslaR s TRINANMAADIANS
Wabuwdasiiasundngueuay wazilseiuihmaludendesninguaiuay edditfoddgmeadai
P-value < 0.05 [9] Bnitaaaamndastumsdnumaresiusunsuaiaadugunmietosiulsaunsndou
lugsiumnuludseinadnii lngdssgnaldnguin1sdnnisnuies ¥4 Grey et al. [4] wui1 a1emvias

v o

nsnaaesrzuuRisnuifgIfulsAIIIL N3USNgITUlsALIMITL 9INBUNNTNAREY WAKEN

U

! i | A v o w aad & ¢ a a Y
NIMNFUAIUAN BYNUUBFIAYNIENAN P-value < 0.05 [10] UBNINUNITANYT LUIAANEYHNITIANIT
AueITNiuasauasy uldlunisdnfanssuuiuasungfnssunssulssmuems nsesnmainieluy
naudUelsAuIMINY WU ndRINngNfIeg1eRlad1sINnsTRRANT SN IngAnssumsTulseniu

mmmazmiaanﬁ’]é’amaqaﬂ'jwdaumil,%’ﬁ'mﬁaﬂﬁm [11] 9= UlAIIMUIAANITTANITAULDILAY

[

AseuaFITiuysiulunsaseeuiaranudilaluunuinvesnisiansnueswasasounIntgUe

v
o

uihllgszauinanaludeniianadiuies

Y

@
danalvimginssuvesiegluseaund
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5. #5UNaN1539

Tsunsuaaasugunwlugihewmmuiimugussduinaldld fuavilirazuuuedsves
Arufifeaiulsaummu weinssuvesihaummuiinauaussdutanaldld nevdansldsulusuns
afaasuguamlugthsivmmuiinuaussduinalild ganinduaves uarszduihmaludentos
ninguauAuildSuianssunsguamuunilungudUaslsaumanuedlsimeuialng ns og1edl
Heddymeadiaf P-value < 0.05 siliiesnnnguitegndldiulsunsu lasdszgndlinguiinisinns
AuLes (The Self-management) vhisinguithsiummuiinuauseduinaldlfifaussgdalumsufin

LY

ffwiay FaNanssufinanaennaIfuuTUNTasITULarNguiiag1nAudduswlunsAnLas

fnduls Tnrsszaumnudauiiu Insfamussauimaluden silingudiegnslasunisauasuuaziimu

Au3 Nssuiauguanlunsudinu Juihlvingudiegsanunsasednuazandnnnuinlasuiady

v v
°

WNNIINBUNMINARRILAEgINIINgUAIUAN dwalvingAnssuvesUlseglussdunfvuinlugseauiina

Tudeniianas

6. UaLauauuY

6.1 TalaupuuLIUleUY

Fuimanssnsnassaguasatnansidendudoyatugnilunisimusuleuieviouns
gusenansassngs ludeansdansandymlsaumlunsdinmuauseduinaladld nieus
sUwuURTNTIIRneY fatuayulifaslsaummiuinginssunstestuniizmuguszduihmaluden
lailfegnasieiilos uastrsmdesmuiesld

6.2 Jorauanuzmailuuszandld

1) v’mﬁmi%’mﬁa]ﬂiim%gam'al’d‘[mEJLﬁumﬂﬁmmﬁ’ﬁawmmﬂ%’mﬁﬂmmmLmumﬂ%’ﬁ:ﬂma
dosninaiildussemsiinaseseduimaluden duasulidaruaanidluraivesniadon

SUUTENUBINNS NN58BNANSINIEDYINENLANDANUANUAINITOVDITIINIY N3 DU UL UIITN1598N

'
[ = v a

Adenenignaegnis warimuiszuunshiAUsnwIves sw.an. Jssuudnnsasnnuasen ngli

U

AsaUAsIaIuTIlUNTARNTBLENTE T

v
v o

2) msilUsunsuaaaiugunwlufiowmmuiimuaussduianalaild Tldrunguiiaed
Hungumuauvieanuuinisquaindug wasguey ielfiAnmgAnssuduauamiluansaundouis
annsomuausduthmaludenld

6.3 ToLAUBLULITININT

1) ArsAnwimiadeiiinasenisidrsimfanssulusunsuairaasuguanlugvasiuvmnud
muauszsutmalilld eusuusianssuiivanyausioly

2) msfinyifeusyavinavedusunsuaiuaiugunnlufihemmuiieuaussduthaalslls

Tngifinvuinvengunaaedlinnay
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Effect of Steaming Method on Chemical, Physical Properties and Total Phenolic

Content of Lava Durian Sisaket Peel Powder
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=

WienySeugliaiasing deamun1nmenienin il Usinn
asUsznoufiuedniiun ngldiudenduludunivesyiou
gnllrdazinvanefusueunes Mszoznailunisieiunne
fu o 0 (F0g19AUAN) 10 15 way 20 U7 LD ULITT
gumpiuazazznafiviiy mnduihiessmeaniesznand
Ay Usinaindasy Umadule uaransusznaumuedn
favaa nan15ANYINUd ArANEde (L) vesdaagnadian
dudundsanis VinadulevesdonyFeutdsiina 10 15
uit fiuFaigeniinand 20 Wil (p<0.05) Yuauansiluedn
fanuavasfietsiiiunsdmndegeiuiinuintuniy
freg9nuAn (0 uil) saudenySeugunliaazinuilding
nstls 15 uae 20 Wit SvsaasUszneuTiuedniangsan
660.29+15.55 Lag 650.40+19.76 mg GAE/g ANUE1AU
dowFeudisutunnietns sATedtmfuiannensiled
a1 15 it ansnsofiuUSinumsussnouftueBniiunvedis
WaennFeuaziasdiauautimaadnonwivnzay fady
nsflsfinan 15 unit d3sauensinnsundunsndnnauden
n3suginiiomnzauuaslinaannisfnuinluldlumsee
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Article Info Abstract

Article History: The objective of this study was to investigate the effect of
Received: May 20, 2023 steaming method on physical, chemical properties and total
Revised: June 20, 2023 phenolic content of Lava Durian Sisaket peel powder
Accepted: June 21, 2023 optimum condition. The Lava Durian peels were collected

from local market at Sisaket province. The white part of

Keywords: durian peels was steamed at four conditions: 0 (control), 10,

Steaming/Chemical 15 and 20 mins. The dried durian peel samples were

property/Physical property/Total analyzed for the contents of color, moisture, water activity,

phenolic content/ Lava Durian fiber and total phenolic. The result showed that the L*

Sisaket Peel Powder value of durian peel powder was significantly increased after

steaming (p<0.05). The fiber content of steamed peel at 10

and 15 min has higher content than 20 min (p<0.05). The
total phenolic content of all steamed durian peel powder
samples was significant increased after steaming when
compared with control sample (0 min). The steamed durian
peel powder samples at 15 and 20 mins were the highest
total phenolic content 660.29+15.55 and 650.40+19.76 mg
GAE/g, respectively. Our results suggest that the steaming at
15 min could enhance the phenolic content and retain the
appropriate  physicochemical properties. Hence, the
steaming at 15 min may be considerate as an appropriated
steaming method for Lava Durian peel powder production.
The data of this research could be developed to produce

Lava Durian Sisaket peel powder in the future.

1. umin
L5 8y (Durio ziberhinus Merr) L unald' v ldsuairudeuaing vslnan dludszine

wazsnsUszimaduagann ilinandnnissuiedvedlveiatu sudossuredminaiazing Jafinns

LY

Ugniseuiiugvaeunas wuguedl uazinuen dsavifvaudy Snduneutiunans ieasidun nduligu

Ugnluiiuindunasiudunsangulieadasing lnedesugnluien 3 eune Ae quuigy Aunsdnwal
7

P

wazesnug EsugeannuldsuntunaSoudasinenienans (G) wa. 2506 Mnnsumingau
nadeyan fifuilinanan 5,596 '3 NanAnIzeangnan 7,369 fiu Anduseuay 98 vasUuiuNanas
y3ousmnvasiminaiuziny [1] Inevugideulgrunniianfo wusvuounes Gslud 2565 ssfans
Frmhenieu S5mmhevimaan uazuuundonuilan Tasamenuundonuilnasmneamedendou

Feldsuanufleuinduegemindudazdsnmum widuslarauisadenvuiauassziuanugnueie
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v
=

NSEUMUAvey Walllenituneitudmaliusunanlionyisumuunassiumndnviiedusunaiuyy

q q

a

Aavezainidennieumieiuaumnn vlideddaudszanalunsiidaves Wienniewdutan
waeflamentsinunsinuuSinasnnluggnaiuides :1nnsAnviesdussnousesdenyfou
vmauwaﬁ‘ﬁﬂﬂwudwﬁﬂ%mmLé’uiaqq wazasUsyneuiluedniioiun (19.38:0.73 mg GAE/g fiber) flgvs
N13AUeULAdaTEAI83T DPPH ECs, (2829.11+28.01 pg/ml) wonand Fenundvsunalesmis
(79.18+3.46 ¢/100 g of dry matter) 1UsAu (5.48+0.10 g/100 ¢ of dry matter) lusiu (0.82+0.01 ¢/100

g of dry matter) uagan15% (2.55+0.17 ¢/100 g of dry matter) [2] 8¢y Tudagiuinisudiennisey

< &

uudsguidunuaziandlulundn fusiomsuatssdai o nusunaleems wu avning [3]
wazdafin Usimainnguu [4] esandfuilnadumguaguamiiinty Ssdmwaliunltnainomsiite
aun iy

miLLiJsgiJ’g’manLﬁaﬁ'lmLaﬂumiﬁwmmﬁmﬁm%mmiﬁmmﬁwﬁr:gasmmm Tnsanzoe19ds
aﬁaqﬁwﬁmaﬂizm‘uaqmiLLUigﬂﬁ?wia@mauﬂ’amqmamw U A Auansinaed iwu anutiu auen
ymalarns sawdsSinamsiueyyadass F935msulssuuazaiinvesiiegaiunnsiieiudondma
nsznusenmaLtRmaduandatunslude [5] 1w mstdmaliuimumsussneufivednitaanly
ﬁaaéwﬂumﬂgmﬁa (22.18 mg GEA/g dry basis) LﬁuqﬁmﬁaLﬂ%ﬁULﬁauﬁ’Uivmzﬂgmam (20.10 mg GEA/g
dry basis) agnafiaddayneadn (o < 0.05) [6] nMseuwiedmaliiAnnsasuulamesdlunisouuis
a3 sunliaiazing sudafansiudsuulaciuiamesarsesngvivnadaniw [7] egnslsfianm

n1sAnwddeniieudenanitduananniseuinunadu Giliinisfinu navessreziiaiiidlunisis

v '
=% a e

WaennSsugunieSazinwiierdndunadionnisey dulunsinunifdiingUssasiiiiefnwaniizd
winganvesn1saldennissuguunliaiasing denanimninienin wadl USunaansuseneuiluedn
Wane W eugan1nsulsiureziudenissudunauienisou anusuiavesainaianiiled

warausaihdeyailluiamnnisuussuienniSsudmiuiesenndnsdudiomaiieguaineely

2. 3aniiun133y

2.1 IQAVLANITATEUAIDENS

WiesnniFeuguuliaizinyaeiugrueunes (Monthong Durian) Aifinsugnluiiufdautn
m3aziny szovan (pe) IWnandnluriadieuliquisy uifelussezndanonuiu 120 fu arneaialy
viesiiu Swinriaziny Andeniudeniiliiar azen wWasnduduniazen thandwiheuazen daten
awizduiidudun suduiuuns e 1x1 wuies Seiaethazen inluszunsdiasdadiug
ihluidlugumgiiuien 100 ssrsadea 1Ham 4 sefu fe 0 (Fagnemunulsiiunisdls) 10 15 uas

20 w1l Wemsuian e aldenyseunnUssunn 20 uii wieligamgianas antuinludueie

q 1]

wsestulih nauduihazerafidasdiuyseu 1 nfu dewn 2 faddns Mntuihlumasuuninesgiidey

a

wndslidauvun 1gudwes wasilusuwisiiedeuaudeu (Hot air oven) (Memmert, Germany)
Ngaunnil 60 asmwaldua sraviian 24 1ilus aulddegeniianuiuiinitfesar 7 (8] anntudnUden
mseufiuiaudlvuadunsieniesun sourunzunss 70 we vivlilugeduden fgamagdsini

10 paFwaLlyd Wi ktlunisIasIzvsaly
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2.2 mifnwanaudinemennuaziaivesmaufanyisuguulvaiasing

T0d (Color) vaawaUdonyissuglnaiasiny Aeseuu CEL, a, b’ FreLA30InE (MINOTA
CRA00, Japan) 10 uiiunfuwInAIN5Ua suulasdvesiaegne Aruuans e seusuldvesd
AF* (delta E) nsiUasuntasend vide AE fensldmnsfiimesan L* a* waz b* lumsiualaedisuain

Aadaeg1garuny avd usaeganaua nazlyTa AL @1UNTOANUIUINNG AT
AE* = [(AL¥)2 + (Aa*)2 + (Ab¥)2 1% [7] msTiamesianudu 14geuauiou (Hot air oven) auutisilgamai
150 sarneaded wiu 48-72 $alus [8] mMsinASunanindasy (a,) Faeweaes water activity Tngvimis
Sipsitanun 3 81 [9] MsleziUsinanduls dewdedimssidule audd ACAC [7] Tnevhnis
Anszviiaan 3 91

2.3 madnuBuuasussneuilueanimunveskauenyFougunlnddasny

nsafanadenySeugunlnaiasiny shnsdamaudenyGougunlnedasinunauivansazae
loMueadetay 80 7insdingns 1 nSu Aeansazans 20 fadans Usinaesuseneufiuedniionun
Ainwlaeas Folin-Ciocalteu method ’"J’Whmﬁ@mﬂﬁul,t,mﬁmmmm?{u 725 wiluiang freindesan
Talwlndines (Spectrophotometer) (Beckman Coulter, Fullerton, USA) Tonsawnadn (gallic acid)
Juansazansunsgu neuanwaduladnsuauyavensaunadntudiogns 100 n$u (mg GAE/100 g)
(5]

2.4 NITNATIUNINEDA

miﬁﬂmﬁﬁmsammumimmaamwdm (Completely Randomized Design: CRD) AtAs1g¥iA"
AULUTUT IS IAADUANNLANGI BRI 7iaan1sAnwTaedE Dancan’s Multiple Range Test
(DMRT) ¥n1snaaesdiuy 3 41 Wiedinneideyanadilnglilusunsuiinssvidoyanisada spss

version 23

3. HAN13338
3.1 wan1sAnwaaNTAnIsnIeMnLaziaiivawaUianissugunlnaIasiny
= wa = = = = d'
Nuan1sAnwRaautAinmMenmuazindvealionysougunliaiaziny Aldlunisudssy
wWaennisswdunaddenniseulasldszeziiainisienedu lawn 0 (Fregremuauiliniunisds)
10 15 way 20 undl Ad L, a* b* uar nswisuwlasand (AE) vesalionyiougiuiliasasinuniuy

nsilsfinansiieiy uansmsnsd 1 Wethunieneviquandidsudiiiofadnwaing () eglugas
68.15-81.56 axnuindiernunsiliaianuuansstuegitudfynadnfissiuanudesiuiifesas
95 (p<0.05) fegamaFenyFeuiiiunsisiing 10 uifl Amnuainedigean (81.56+0.21) 59989
fie fegnaiiunsia 15 unit (80.66+0.04) wagdregradenyiFeudilinunsielauainindian
(68.15+0.17) nsuUsguraldeniSeunuinadwmies (b egludag 17.14-26.63 lnefiraudud
Wides (b%) Wity vashumstusiadung (@) anaseglutag 2.77-10.88 Taefeanuidudunsanamds
N1un1suUs3y Armuanensisensulduesd AE* (delta ) wansldannissaufuvamisiiiaesen
L* a* waw b* nsfnwitimifuinnistiadienydeugunlileiannuiiszesina 20 wd fd1 AE Hosan

(15.25) daunannsils 10 wil de1 AE geitan (18.03) A1 AE vesietmuguaglaiiia
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M990 1 A1 L* a* b* uag AE vesmaudenyiseungiuilatazsinuniunisieinansiieiy

raAenyiFeudriiu Ad
st L* a* b* AE
0 Ul 68.15+0.17° 10.88+0.01° 26.63+0.09° -
10 w1 81.56+0.21° 3.27+0.07° 17.29+0.12° 18.03+0.11°
15 W 80.66+0.04° 2.77+0.56° 17.14+0.08° 17.67+0.12°
20 Wi 78.87+0.08° 4.28+0.04° 18.03+0.10° 15.25+0.23°

N o o

AnadrluLIAIAREALIABINUINUAIEENET a, b, ¢ AissAudanuLanasiuegldedAgyNIads
(p<0.05)

Han1sANwIAENTRNIINE nLasiadveUdenissuIndwinasasiny Aldlunisudssd

Wasnnleulunaddenioulagldssaziatdisiu lawn 0 10 15 uag 20 Wil A1ALTUREZANN

'
aa

DATTUAAIAINITNA 2 WU HaNTIATIEAUINIUAT a, HAuusnansdiuegsltsdAgnisedianszfu

ANUeNuNTosay 95 (p<0.05) A1 a,, YaswuUFenTeuATazinvagluYle 0.29-0.42 lngdiaeeily

'
' P

LatuAsile 20 wdl Jan a, @9nan 0.42 wusidlegnefildiialunisils 0-15 wdl dan a, laiunnsna

U 9
¥ ¥

Meadi N5AATIgRUSIaAMITuTRIMaUdanISsuATasinynuIANTUluYTesa 3.86-7.23 1

1Y

AMNLANANAURENlTEdAYNadRNsEAuAUITeNUNSaray 95 (p<0.05) Arvgrsildiialunisils

20 it fAnanuugenanisevay 7.23 duwildululuiiamadiendue a,,

M197197 2 Usunaanudiuuasindasy (a,) vesaudennissugunleasinuriunisdeniiansieiy

N«Uﬁanm‘%ﬂuﬁmumiﬁe AuTy (Goeas) water activity (a,)
0 ¥l 6.08+0.51° 0.31+0.01°
10 uii 3.86+0.20° 0.29+0.01°
15 W1 4.65+0.08° 0.30+0.01°
20 WA 7.23+1.24° 0.42+0.02°

a o

AnadglunuIfIreauIllRgIAunINMEsNYS a, b, c TAAudANLANANAURE N TBdAYNIET A
(p<0.05)

Han13AnwsunandulelunadfenyiSougiunlnaSasinuiiunisidafiiaasiiaiy uanads
WU 1 nuddsinaduleedlutieievay 45.31-47.00 Usunanduluasnaanulusiiegranisienie,
0 10 uag 15 w1l YA UTuanduleveuudonyiSouiiiaii 20 w1 duSuiuniaaisesay 45.31

(p<0.05) usildunnsramnsadiiuysinanduleveaudenyiseunliiiunisis (0 W) (p=0.05)
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50 ab a a b
i, M T
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o o a

FEN8T a, b, c MANANAY LAAIAMULANAIIBENITEEAEYN19EDRA (p<0.05)

3.2 msfnwUSinumsUszneuiiueiniaunvasadenyBsuguunineiasne

Usnaiansusgnoufluedniamunvesadenyidsuguilieiasinuriunisieinasiai uang
Faunugiifl 2 nanisAnwimuindiegamaudenyiFouiiiunsisinaunndeiueglutig 30383
650.40 mg GAE/100g fhegnsfirinunisiianan 15 uay 20 wift fvsunaansUsynaufiuedntiavan qqﬁqm
WU 660.29+15.55 uag 650.40+19.76 mg GAE/100g ANUEIAU 589a9u1AD F081anaUdannisouniu
mMsisiinan 10 it fvsinaansussneuitueanimundy 626.73+3.08 mg GAE/100g lusaziidnogna
filadnaunisila (0 wadh) ‘ﬁ'LJ'%@J'1maﬁﬂisﬂauﬁuaaﬂﬁwmﬁwﬁq@1 303.83+9.43 mg GAE/100g 21nKa
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N o [

fEnwT a, b, ¢ MLANANAU LAAIAULANAIIDENTEERE SRR (0<0.05)
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4. 9AUTEHATY
amsAnuIAmaLTAnsMeamuaziaiTlunaUdenySsugulnadaginuriunsisiinasaiy
911197 1 vamFlesgsiedvessaudonniiougunliaiasinylusserinansdefiunnsaiunuin
donalunsiaunutufudingd 10 wuis 15 Wil dealfendmegiedimaruaing (L) Wudu udidle
dinnandutuauia 20 wid wuiiaanuaislisanaudinsainnindedsiliinists ave
o19tfloanan Tnsuniludnuaslsineiioulssinedfiusasendina (PPO) aduniduavniineldn
UffsenaifndimanneulsiuarasBu fisendlegnnssdumendsanlasasvesinuassalinn
yhangamaliAndihmatuuinodevesinualdl luimmaiesusudenydouiigninudsuasdadu

aaa Y o '

w3 Tuszninaniswsey dausianousuwitiueulsinedfusasandiaalasuujiseudfiiog1anluniu

v '
=% =

AsHaefiFnanTu nebminduinnalulasIas19i1a8199 dveR108198ANMTNTY et luTnAAINw
anlsdmalniidnanas vilidveseg1apiuauila1ANaI 1IN IfIeg 1 L5l Tunaieidiegne

Funsilstugmiinldienunsahaneeuluinediueasendnaladdlinaufiseduimannieuled

-:4 a

(enzymatic browning reaction) A1ANAINIFIMAATITEELIIAT 15 W IoTzevlIaInslanuduia

q
v

nsavauaudouanlouigedu dwaliiAaufisondumiadlaiidertuoules (Mallard reaction)
demnludenyidsuiithmauazlusiududiudsenouiifundduiladeliinufaseda udmalvien
ATwaiaiad 20 wid fananas nistsaudenyidounuitadinges (09 Wutu ndwiunswsgy
uAFNALA9 (%) anawmdsrunisil Juvenavesnadsunlasndivdeardunadul lufismadoatu

EY | A

fuAanLaing Mog1eiifian AE YosTigaAodegiisidlndiAssfedsmunuiign Seiaognsmuguiid
AsnideEnaiiunsts defuanuansfnwiinuiedismaldenydsuisresina 20 widt fien
AE sfign vairiidiegnsiunisieiinnat 10 uag 15 undi did1 AE gandn oradululdimaldnanis
wngauagyildaienitlikiunisi uimnldsrsznaduiuluemanfn fisendimalagld
wulesflflgudu [7] nansfnwian a, vesiegisnaudenyiFeugulnaiazsinuiinisisszoginam 9
wu31 dereglute 0.29-0.42 Fefiusuadeuten uddsnsegluinusininsgiuemsvosudnsi i
913U (dehydrated food) ifmunly e desldn a, i1 0.6 Lilelesu uazaruauAUYEEAvlA
oadeudsiiinen 51 Bad wavuuaise Wuemnsssanieatuiuuims dinalsite meis
Hudu eanuduresmadFenydsuriasnveglutisienay 3.86-7.23 wulmauduiiuiinareudng
i weiliiAuferay 12 Tnennidn Seriusnnsgundndssigu sne.136/2558 [10] Uinalsommnslu
WaenyiFeunuiididaenndesivluemsludenyiFeuriindu Fenuiiiuinaleeimns 79.18+3.46
¢/100 g of dry matter [2] %a‘lumu%%’aﬁmdwﬂ%ﬁamaqLﬂﬁaﬂﬁl,?'umcs’haﬁaﬁﬂﬁﬂ%mmiammsqm'j’]

o]

nmAfedilflanzdwdvnlumsiaauienndou Inslassaimweaudennidsulssnoudae 3 4u fe
Waenuen (exocarp) faTea wWaentuuen (mesocarp) daudun LLaz%uTusuBQLﬂé'aﬂﬁqL%'au (endocarp)
dudvnsulu duFenvemiBeuiithin@nulunisnwilie dmdentuuen (mesocarp) daudum
wagdulureaiudonniFeu (endocarp) dudv1adulu [9]

wWaenyi3sugaulufeaseengydynadinmm 1wy a1sUszneufiuedn Tagdniuaidunisinm
fedudendifomardrnuiudmuiiviinuasuszneufluedn wuluasasaaniudennisou

148.34 mg GAE/100g [11] fins@nwinisadaleeimsnndennieunuindvsnaasuseneuiiuedn
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v
o

mue 19.34=0.73 mg GAE/g fiber [2] Tums@nwiinan1sAinwinuaudfnisneniniasiadlunalden

a

l
n3suglnaSasnwihunisieinaiaty nuihvinavesassenoufiuednamunveiie i
WaonmidsuguulilaSasinuiiroglutag 303.83-660.29 mg GAE/100g Han1sAnwiidlifiuindden
niFsugaudeUTiuasUsznevfiuedniiovun tnsldisdruddondifenasduiliusuw
a1sUsznoufliuedngeninnnauided oraAeandnidendilennsduimaiiuedninnnitdauden
MNNMFIATEEnUIUTINaesUsEneuiiuedniidigefige Wesunszuvaunisided 15 uag 20 undi
aonadeafunuAfensiasuulasuaBdnueyyadaszvedunengaildfunansenuainnszuiunisis
fnareUsinfiuedn (6] wuitnsidmalivsmafiuedniutu fmulunsinulugngaiuiet
ffunstlsngvaUa [12] wuimstengnaailisunuasUssnoufiuedniisuafistu enaidesnan
nstladumsuussuvdenisussnevenmsiiliianisdudatuinlasnsuazsosndlalldgnualui vhls
asewnsTnivansflueandadunsauasiiusylelasauannsnaraslulflignuvesnundu i
arwdoudilasuinanlethamnsarisliAansunniveseadiia saufinsfinnudousivashliie
nsduaziteuvasluianavesuseszninduanadiliudsuse vildiAanisuanddesansiiuednauimin

ponu dwalivSunailuednyiwuaiiudundanisils [13] n1suUszuomsuazkaniuen1n1sinens

£ ~

dsnadenmautinisniennuazied sudsanseongnivnadaniw Fedivadewaliiiud uazanas
uenniisdmanouTinuvesnsafiuednunsiaiiorfidundilisuamuoudatutuiBnsusguiduiu
[14] Yadlanmgduenaiiad uideananmanganisvauveaeuluiindiiusasendinass iU
o3 emsfilianutousthamngay Suhlugnssudimadeanmuednafiuea Anssumaiay
vouauluinedtuensendinaasyhanildfigungd 40-50 ssmwaibea feiugamgilevhanmsileri

100 e waliod Iuigananazyinaueulminediusasenidwals [7]

5. #3UNaN1339Y

nsAnwinavesnstarenmantiviaadl nenw waransUsenoufiuedniaualunadden
niFunliaiaziny wuiinisiavdenySouguuiliadasinuiiag) 10 15 uag 20 unii dawaste
AANTARLE AN (L) vessaFenySouiintu Aanuduiiung (%) uasdindes (0 anasly
fegsiinunstiadiewioufieutusogaan suiidemasie manutu Uiinuhdass wasuTuudu
ly sufvinuansUsznoviiuednianun wianuantsinwwussernansteiimngaudniunis
wAmnaUdeniFouguliatasnvdmsunsinuniife stogiainists 15 wit asluannsfimnzay
FedlituinnsldsrernanvnzanlunstsanmnsovhlinaddonnBouniilnmasny Snaaudinma
mMenaztedfvinzan sudeTnamsuseneufiuedngs anunsaldidugruteyaiaun msndans
WaenyiSeungiliaiasinuiuyadndumdedimenanunsuasnied uasduhaaudannidou

gunbrazinuiliosandundadnsiiioasnmuazdumadonunfuilnasely

6. NnANssUUITZNA
YoURUAMAIVIIVIINGIA1anT Lazalulagnise1nis anvAadmansuazinendians

wMinedesudgataziny Naduayugunsel insesdlauazanuilunsyhauideluasell
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