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Preparation of TiCrN Hard Coatings by Physical Process
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UNANED
Fuadoulnmdenlaadenlulasd (icN) Wuduedouuddifanfidnauaraudhiduniisge
wargniuldogiaunivans Tnetuwadevlnmioulandoululasdlfinnnnsiverneulaadoudily
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Abstract

Titanium chromium nitride (TiCrN) hard coatings have excellent mechanical and chemical

properties and are now widely used. TiCrN have been produced by implantation of Crinto TiN structure,

due to incorporation of Cr atom in the structure of TiN which impacts the microstructure which leads

to enhance properties of the TiCrN films. In general, TiCrN have been deposited by physical vapor

deposition methods with two main methods: evaporation and sputtering, in several techniques,

namely, cathodic arc evaporation, sputtering, ion plating and ion beam assisted deposition.

Keywords: Hard coating, titanium chromium nitride, physical process

1. unin

Wuiinsuiuiidundeuuds (hard coating)
léf%’ummﬁﬁmashammﬁw%’umsﬂ%’uﬂyﬁaLf-ﬁ'aqﬁa
LLaz%uzhuiuﬂwmuﬂﬁwamaﬂsamuqmammm
Lﬁ'a%m&gmﬂ%mummm%"mﬁa Tngduindou
asusznevlulansdvessmaesiin (binary nitride
coating) ﬁ?jqLﬁmmﬂmﬁauéhﬁ’ummm@lammm%’u
ﬁuamluimwmﬂuwﬁﬂu%umﬁauﬁlﬁ%’umm
aulaegrsun Lﬁmmﬂ%y’w,ﬂﬁaumjuﬁﬁ GRRHIIGAGE
Frumunisanusen duUszans AuEsnnIuen
wazdununsinngeud Jsgnirluuseyndldly
AAYAAINNTINBLNTIVIN Tnglanzegabaiv
\wdasiledia (cutting tools) wafiuriuiodudau
\3nsUszdunnues Taslu gausniduduinden
Tnndlelulasd (TIN) lasuanufiovasan imsed
audRiwnzauvatesy wu dauuds fumiu
NMSENUTER AUNIUNITAANTDUYDIEISIAL TENeY
a0y Wudu (Parameswaran et al., 1992;
Jeyachandran et al., 2007) Giauﬂlﬁﬁﬂﬁjuﬂ'ﬂaﬁﬂ
T¥auavladuindoulasdlonlulass (CrN) waz
Fuedouwesladoy lulasd (ZrN) (Hurkmans
et al., 1996; Pilloud et al., 2003) Fsnuirduaieu

fananifiaut® vralsenmsileuseulnmdeululasa

NSaNs SWNNSOIM

Wuiu (Ward et al., 1996; Blanco et al., 2009)
oglsAmunnauddenuinduadoundgu binary
nitride coating Huildasrdaiieunluldsuiy
Lﬂ%aqﬁaﬁmmmﬁaiauga (high speed cutting
tools) TnenuirtuiiduAnmangaaeniiosnnns
\Aneendinduseesiniifigumgiagindt 500 o

o

walded dautuedeungulididelasunisuilunay

'
'
vaa

USuUgsaudfnueing 4 REeUU (Panjan, 1996)

v

2. fundoundslmmioulandolulasd
fiduuravdetundoulnndeulag e
lulsd (Ticr\) Wundsludundouudangutuagon
a1sUszneululnsdvessmaiusiia (terary nitride
coating) dsiuiedovlunauiifaufidnanazauds
Faafliifunnuazgnirunldegsunsnateniesis
seidosanefnaudstagiu wu Mdudunden
Hosfufintusu (Aouadi et al., 2006; Uglov et al.,
2008) Ima%umﬁaumju ternary nitride coating
ﬁﬁummmﬂ%umﬁ’emﬂ?jm binary nitride coating
Tnensiusinlaveu ndlen (Ti), sxaiiviey
(AL, Tasuley (Cr) wse woslawlen (Zr) wluly

lAseas1evestuLAioungy binary nitride coating
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(Zhang et al., 2007) Imaﬂl’ﬂﬂwudw%’umﬁamdu
ternary nitride coating fauUABnauazaudRgual
aﬂ’i’l%umﬁaumjm binary nitride coating (Barshilia
et al., 2009; Li et al., 2010) Fetundoulnmilon
Iasdflsdlulasalauiannnisifiuesneslasidougily
Tnssasamdnveslmmdenlulase (TiN) dailugnig
UFuzsautAcushe  vestuedoulnondoslulasd
Iﬁasﬁu (Vishnyakov et al., 2006; Chang et al.,
2007) Tnedundevildiivelfiuseunanedsznis
iU AIUNIURIteY (Hseish et al.,, 2001) dadnu
Llfﬁdqjdmm (Uglov et al., 2005; Vishnyakov et al.,
2006; Chen et al., 2013) fduUszansanudsnyusm
(Ezaziet al., 2014; Thampi et al., 2016) A5
Asanusalaa (Aouadi et al., 2004; Budzynski et
al., 2009; Thampi et al., 2016) @W1FAAIUNITLAA
pondunduiigumaiias (Hsieh et al,, 2001; Lee et al.,
2001; Krzanowski & Foley, 2014) uaganunsasu
nsianseuvesansAillaaun (Chang et al., 2007;
Wolfe et al., 2011) fuudslesuanuanlasgnann
NNNMTIBuaznIrgnamnssy ulagduaiunse
ihdudevednilluvszgndldagraniiennng wu
Hindeuiiveundesdlonatiioinuszaninnuas
fao1gnisliaulasianizegebaiuiniesiionn
mmﬁwauq& (high speed cutting tools) (Uslov,
2008; Chen, 2013) 91n9uidenuinduadou
Tmmflvulasdvululasaamisamisulaain
NTEUIUNTNSHEANE (Physical vapor deposition,
PVD) a183gszinualsuazisataness lunaie
wiatlngey laun wallanilnane1sa (cathodic arc
evaporation) (Uglov et al., 2008; Wolfe et al., 2011;
Chen et al.,, 2013) walinalnneass (sputtering)
(Choi et al., 2009; Krzanowski & Foley, 2014;
Paksunchai et al., 2014; Thampi et al., 2016)

wiatialooauwads (ion plating) (Lee et al., 2001)
waztnatialdailoaaudie (ion-assisted deposition)

(Aouadi et al., 2004; Vishnyakov et al., 2006)

3. mawSeuduadeulnmisulasdlen lulasd
NnATeanetun U uede Ul
lasdlonlulasdgninseudenszuiunianieildnd
(Physical Vapor Deposition, PVD) irluszuy
qane lnenisainslesvievetesnouasiafoy
nnithweads lossmewanindsuiluuinamatan
LLaszLL‘LiuL‘id;lu%y’w,ﬂﬁauawuﬁfa@ﬁaﬁu (Santecchia
et al., 2015) lngoaiinsiidndluleansaninusou
futansossulussminumaindeu iollddundon
Aifidnwazaudans BnsudnlunseTeufiduung
feumaiia PVD wuseanidu 2 35udn laun 38seime
@15 wax oatnmesa (Ezazi et al,, 2014; Santecchia
et al., 2015)
3.1 Awans
IosEieans (evaporation ¥se vacuum
evaporation) L{uFsfiansindeugnasnstuainnis
T u3ou (thermal evaporation) #59911A15915A
(arc evaporation) fudransiadeuilduresuds
daalievneuasindeunaneduloszimeeanainidh

o

NUusRaNasindounalzadeunludadan
spafulagliinisvundesinisvuiewdntsenu
Tuanaufdlunvuzgaannieiegseniathiv Jan
58950 (Mattox, 1998) Tagnuindsuddalalseu
A & & A va ' o

Ao FULARBUNLATAIULYY (dense) wagdnsn
m‘imﬁauq& (Wolfe etal., 2011; Chen et al., 2013)
o 1) Ay a4 a 1 A =l =

Fnsunuideiwmseuduadeulnmioulasiiey

lulnsdnieisziveans dyeazidoafidfglans

Tumsnan 1
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A15199 1 wadlakareulunswssutuadeulnmdeulasdovlulasaaniedSsemeans

U - dndlunes  gauugiidansasiu
= : NAUA
Afiweuns) V) (°0)
Vetter (1995) Cathodic arc evaporation 50-400 330-560
Uglov (2008) Cathodic arc evaporation 120 450-500
Wolfe (2011) Cathodic arc evaporation 50-300 350
Chen (2013) Cathodic arc evaporation 200 300

v
o =

M5t 1 azdiuintwedeulnmidoy
Tasdeululasaimioudie3ssuimearsdiulng
dnldwadanlninersa lnefsalvidngluwadauas
anufeutuansesiuluszrinanmsiadey ilelvls
Fundouiiillasiadrsuardnwarianaudonis

a

uonanillattuAdouNN AT URIMEmATA
SEM (scanning electron microscope) WUuLARay

AleannsieseuslesiianwauriuilldSsulay

NSaNs SWNNSOIM

91finoUNAYUIAIEY (macro-particles) Anagiiurn
iy miideves Wolfe uazani (2011) awdeutuindeu
Imndenlasdflonlulasaslismaiinailuinensa
Tnouvsennszualih i lasslen wuifneynia
Snvarnsenanvessiglasndenvuinduiaiou
%amgmﬂmd’lﬁﬁﬂ?mmmﬂsﬁuLﬁammﬁiw%ﬁL{]w

lasillyugety Awandlugui 1
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JUN 1 Wuihvestuafoulnnidoulasdenlulasaannisimsgimemaiia ESEM

dlonsvuali Aulasidlousian 25, 45, 65 uay 85 A audu (Wolfe et al., 2011)

Chen wagAuy (2013) LASEUTULAGBY
Tnnfealasdleululasanigmaianalnfinesea
Tnawusanseaatnin A lnmdlonlugae 70-100 A

way wlasieuluaig 80-110 A vibilatuwadau

VTpIRUTENaUsINWANAINTY NUTIARBYNIATUIA
Uszana 1 llaswnsuuiiatuiedeu daanslugui 2
FrounAwa1lTvuInanawulomunszualiing

Wlasidley wazannsewatnin A nmdey
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anun anenFaasianalulad TN

UM 2 fuRvestuafeulnimdenlandenlulasdannmsiwaeidemeatia SEM

Y09919819%UAFaU Ti Cr N wag Ti
0.81 0.19 0.5.

3.2 Walanaie
nMslAdeUMEIdaUnAe3e (sputtering)
lilasnmsadilestimevesoymaiildannszuiuns
alames deernonvaansiAdoungaeontIIN
voaivesuddlasnsaromlumuiuanoyniadil
ynelndifssivezoudsgnszandandath lnseynia
seandasinidulooouanuzufaiignisdlaswataun

Nl OTEMVBIFTLATDULA1HILLARDUNUNE

CrGN AUaRYU (Chen et al,, 2013)

‘?a@iaﬁmazmuLLﬂuLﬁu%umﬁaU (Mattox, 1998)
TnegstideldUsouie Huiives dundouiiléiinany
aiauauazannsadaniziuivesiansesduldd
(Ezazi et al., 2014; Paksanchai et al., 2014;
Thampi et al., 2016) AmsuniTeiesudundou
Inmdealasden wlnsame Batnness fsvasiden

@

dAgyuanslilunisned 2

A15199 2 wadakarteuluniswssutuedeulnmienlasdeululnsameiSatnmnesa

MUY - Andluned  gauugiidansasiu

@msund) e (V) Q)
Otani (1996) DC magnetron co-sputtering - -
Panjan (1996) plasma-assisted sputtering - 150
Ward (1996) magnetron sputtering 15 -
Hsieh (2001) DC magnetron co-sputtering 50 -
Choi (2009) DC magnetron sputtering 10 200
Krzanowski (2014)  RF magnetron co-sputtering 50 450
Paksunchai (2014)  DC magnetron co-sputtering - -
Thampi (2016) DC magnetron co-sputtering - 400

NSaNs SWNNSOIM




MNe51e7 2 asfiuinduedeulnmiiou
Tasdeululasaimdoudiedsadnness a1wise
Bonlfiihansindeuls 2 dnwaue fe Whansindoulien
lugUuuuvedlanenan (alloy) viaithansiafeulans

a

‘UiE‘j‘Vlé 2 1 (co-sputtering) slunuuvdsanunsa
AuANBIRUsENoUs A lutwARoUlA e uUULIn
Tngeuauldannisuuanszualiiiifiidiaiina
wipgnslsinnulusidenans q sudwieddidndluwes
wag/vsoruieuiuTansesiu Tusenitnmsiediou

Wialy laTuLAdauNillasIas 19nasa NwUE LA Ny

7D
S

osas swrAnnsoim UA 2 adun 1
anun dnenFaasiainAlulag

Aufeenis yenandfmuin fuedeulnndes
Tasidleslulaseildanmsiedeudneisiiimuuuas
fufigvsetiosniTissemeans egramideiifl

Choi uagmnsy (2009) wiseasuadoulnmiey
lasflsululasaaromadanuninsouadanesa
Taglawatauntie (plasma-assisted magnetron
sputtering) IneuusAdnsnislvaufdlulnsiau 0.0,
1.2,2.0,2.4 U@y 3.0 sccm wuhdundou 7ildTinnusy
wazdidnuamfuneduw (columnan) Weshsnislva

wialulnsauiindy dauandugun 3

3U# 3 fuRatwedoulnmdenlasdenlulasdannisiesesismewmada FE-SEM Wegniinisiva

wialulasiau (@) 0.0 scem (b) 1.2 scem () 2.0 scem wag (d) 2.4 scem (e) 3.0 sccm (Choi et al., 2009)
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Paksanchai LazAn (2014) Wwaeuduadey
Innmdeulasdloululasan073ATuuniinseu-
Taatlamese Tnswusarnszualuiididlmndon
{160.4,0.6,0.8uar 1.0 AwU ARl ATiA LY
wasiidnuwazily dense columnar Wienszualuii

mdhalnawdiudu daanslugun 4

(a)

Y

s )
S

v
= o =

Thampi kagAue (2016) wssuduindeu

=

TnieulasdlonlulasaamedSiadaguuniinsou-
alnmase nulnduedauilaivuinnan 1nsw) Manad

v
%

WAZAUMYIURIANAY LLBLANANLNAEF LA 0, 5,

10 wag 15 kHz fauandlugud 5

@

sU 4 Nuiituedeulnnilsulasdoululasaannnisiesieiniemaiia FE-SEM

dlonusanseualniihidlmmiden ) 0.4 A (b) 0.6 A () 0.8 A (d) 1.0 A (Paksunchai et al., 2014)

NSaNs SWNNSOIM
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(b)

Ufi 5 Mufnduedeulnmdenlandedlulasdanmsiinnesisemaia SEM
dlouusarmnuiad (a) 0 kHz (b) 5 kHz (c) 10 kHz wag (d) 15 kHz (Thampi et al., 2016)

dislesoumais (ion plating wieu19nss
gniseninIsniswmdevlagldlessutie (jon-assisted
deposition)3%%515mﬁaumﬂé’mmnmsizmami
wsoatnmesenles lneloszivevesovnon @1sindeu
gvibiwsndanuusealuusamanan mﬂﬁ?msgﬂ

sahgaunulninlindeuludiansesiunaziinlu

N

JuLAaayu (Mattox, 1998) d@SuUUITeMASEL

Qe

v

dJundeulnnisulasdlionlulasanieitlosounans
videlddloaudae fnanedu ldun Lee wazmmy
(2001), Aouadi wagAay (2004), Vishnyakov wag
Ay (2006) wag Budzynski wagamy (2009)
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Abstract

This research aimed to study the impact of smartphone usage among students of Phranakhon
Si Ayutthaya Rajabhat University, to construct four models by using data mining techniques including
K-Nearest Neighbors, Naive Bayes, Artificial Neural Networks and Decision Trees, and to compare its
performance. The tool used in the study was a survey of students” use of smartphones and WEKA
program for data mining analysis. The sample size used in this study was 366 people. The results
revealed that the best model with the highest accuracy was Artificial Neural Networks (98.361%),
followed by the Decision Tree (98.087%), K-Nearest Neighbors (97.814%) and Naive Bayes (79.235%),
respectively. The research concludes that the model developed by Artificial Neural Networks technique
is most suitable for developing web applications in predicting student smartphone usage patterns.

The results can further be used to improve the behavior of smartphone use among the students.

Keywords: Data Mining, K-Nearest Neighbors, Naive Bayes, Artificial Neural Networks, Decision Trees

1. Ui
N32UIUNTUINITINIUNTIATIZRMETBY

[

Y8ya (Data Mining) (Han and Kamber, 2006)

U

v
=

W Iulud A.a. 1996 Ineausauilonuues 3 USEm
Ao DaimlerChrysler SPSS wag NCR ATzuUIuUNTg
ﬁﬂﬂﬁuﬂfﬁ'&mﬁ’l “Cross-Industry Standard Process
for Data Mining” "3al3engoqlain “CRISP-DM”
(Shearer, 2000) Taglunszuaun1s CRISP-DM i
svUsvnaudae 6 duneu lédun (1) Business
Understanding %umauusalumzmumi CRISP-DM
Fatuluimadlatigmuasudastymitlalyioglu
sulandvesmsiassitoyananiiostoyaniousis
MaueluNANEUNI3A199 (2) Data Understanding
éﬂgumawfﬁmmmmﬁuafmﬂwﬁa;ﬂa vdmniuesdy
mﬁmwaauﬁayjaﬁlé’ﬁﬂmﬁ’mi’muﬂﬁﬂﬁaqmm
AERERENGHE LLasﬁaﬁmﬁwﬂ‘*ﬁ%’ayjaﬁy’wm
wiednludendendeyaundmunldlunsinsei
(3) Data Preparation Lﬂu%umauﬁv‘i’m’mmaﬁa;ﬂa

Alsvinnisiiusausauan (Raw Data) Tidudeyad
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ansatlUieseAlududaluld Tnomsulasoyatl
9193¢d0ein13vdeyalignaes (Data Cleaning)
wWu nsuUasdeyaliieglugg (Scale) Wenfu viie
madudeyafiviamely 1udu neduneutiandy
Funeuilinanuniigaesnssuiuns CRISP-DM
(4) Modeling Wudunaunisiiassidayadomado
ymamilesdoya Alduuziluuds wu nssuun
Ussuandoya viie nautsngudeya ddlutunout
varpaiaazgninanlfifielilddneuiidfign
Fatuluunndsonaazdasdinsdounduluiitunou
Data Preparation tileutasdoyautsdnlimnza
(5) Evaluation Tudunoufisnaslduanisiasegs
Toyaseimaiananiioseyaudausnouiiaziiy
wadnsTlalUIFusiolufrdeaiinisinusyansam
vowmadnsAla sty inguszasdildaallutumou
usnvfesinrunidefionntiesiiiodn Fsenaazdou
nivludunoueumiifiodsunUamudludield

lAHaansmUNRBINIShA @MSUNISASILUUINGDY
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faemalla Classification fn1snaaaUUsEENTAN
YBIUUT804 (6) Deployment Tunszuiun1svinemu
293 CRISP-DM tuldldvgaiiesuanadnsalaain

v '

nsinseiteyatemaiamaniesdoyairitu
LLﬁ’imaé’Wﬁ’ﬁW%LLamﬁdadﬁﬂ’gmiﬁﬁﬂstaﬁuﬁ
Lwi%(ﬁmﬁwmﬁmmiﬁiﬁmdwﬁlﬂ%’lﬁﬁﬂumﬁﬂﬁiﬁ
(Dataminingtrend, 2018)

UagUuauninliu (Smartphone) 1913
funumiluTiausysnfuresthA@nwunniu arwaunsa
YosaunininuadefundesrauinnesLaranse
Founedumasiin 1%’&1u1§nnﬁv1nnm sl
ansnlrluvesinAnwivedofuazdade Torne
nsthanldlunsfumdoyasiis 9 Miflennssuds
Blua N899 18 dudeldufe nsiaunu N3l
dodsnneoulatisng 9 unawiuly vhlidn@ne
laaulasey wazvinanisissuugasmiulusae
wAnssulaeialuresausn wu Msfulssmue s
n1seenddsnie msguyns msldmoufiumesuay
nslidumesiie dmgRnssuunfazuantoaned
winzay wadlolafivnauiulunioseninga ey
ldausaauaudatesld nszaunsee vinliding
nsgnusan1siey Msvhauld (lann Wivsdszes
LazAy, 2560)

nnsane nudeymnisldausnliny
vostnAnwilnansenusenisisey vilinauns
TunsSeu mslansviiilurosSouiiodudumesiin
megy wufﬂ@&J‘Lu?ilaé'qﬂuaauvl,aﬂl,ﬁmmﬂ%unﬂi“u e
Q’%’&J?jqﬁm’;mau%ﬁaﬂ%wﬁﬂmﬁm%’azﬂa 1nlgasn9
WUUT884 Lﬁammﬂﬁﬂimmezauﬁqﬂumﬁﬁmw
sunuunslFansvinuveindne wan1sideils
erhluunuamslunsuiuugmganssumsldnu
animliulvignisamngan uagiaiuIN1sSeuives

o

PnAnwisaly

2. A/ANIUNITIVY

AIdulavinnsAinwingud uaznann1sves
mmﬁﬂmﬁaﬁayja (lonavia NYSHARNAN, 2557) wa
w&NNN303 CRISP-DM Uszneu 6 Tuneu ey
Tumsiuiunsive seazdendil

2.1 Business Understanding

Anwiguuuunasnginssunasld

ausnlnly vesindAnw wasdnuvuadesdiefildlu
n9ifeRenvuasunNililunisianginssunis
TWenaunsnlay ddeidlduuvaeunnlunsite
Tnsuuseanidu 2 seu ki (1) wwuaeunudeya
aaunminlvvesfneunvuasunadudnuny
#59980U518N15 (Check-List) 9113U 10 AND1Y kA
(2) wuvaaun1udIsIaNgAnssuNIITIUINIAWA
auinlrureadindne (e AReS uazAue,
2560) WJuluuiinsa@uUszanaa (Rating Scale)
11 4 56 (57%uns Aadang, 2555) 31Wu 10 Aoy
ndnduirlladwvvaeuaueeuladlagld
Google form uwagyinisiusiusiudeyasinngy
fhograuuiuled

2.2 Data Understanding

Uszwnsuazngusieg1eililunns

Anwndeifldsnsidenuuuianzas (Purposive
Sampling) Ae WnANwINMIING1§Y5194y
WITUATATOYSET 4 AL LAKN AMEATAIENT
AMZAINEINITINNIT AMZINEIMmEnsLazinalulad
LAzAMEUYYEANART LazdaNmans Tauvivn
119U 387 Au ‘wé’ﬂmﬂﬁguﬁwmil,ﬁusws'mia;ga
AILLUUARUNY Wil Teyau1vin Data Cleaning
sfensvianuuasuanuiiideyaiianain Teyad
ijauysal wazdeyaiirvesnndnuuzuisesis

aveitdly lduuuaeunuiianysaldnuau 366 Ay
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2.3 Data Preparation
Mmsudasdeya (Data Transformation)
fldandaeisnsseil
2.3.1 insuUasiuvasuaiudeya
anunihluvespouunuuasuay riegluguuuy

o

fuUsuavdaya Usenoume 10 fuUs laun e
3 A Sluslunsidulnsdnvisesu dranan
ﬁLa'umﬂﬁqm Tilnsinnausninulunisiinesls
wniign s1eldvesinAnwisetu Jeqiuedueyd
nan1siewady wazseldnalieuvesnseunsa
waziduaduandlunsned 1

2.3.2 MN1SLUaLUUaDUNINE1TI9
ngfinssunsldrunsdniauisninuvedndnw

mensideyaudazdedauulviaiuimvin fall
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lailavae 197 0 Azuwu

Taivinle 197 1 Azvwuy

Unagly 1 2 aguuu

Toae 19 3 Azluuy

Lﬁaslﬁﬂmuumw!ﬂéﬁa ud Az Uy
Tuksiagay uwadundangu (Class) §Idulauungy
sonydu 2 nau e

AzLULTIL <= 15 dnlunguund

AzILUTIN > 15 dndunquiinaansnin

nasnulasoyaunds osuuuudeya
ﬁmmzauﬁm%’umiﬁﬁLﬂswsﬁﬁmmﬂﬁﬂmﬁaﬁa;@
FeendSeilasudsing (nput) $1uam 10 Fauds
uazAIUINAANS (Output) 38158n31 Class 31UU

1 fuds s1uazdunuLandlun1s199 1
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15199 1 518azLdensILUs

fiauus Fosauus A195UY
Sex LN 1) ¥y 2) ne
Year 3 1) Y1 2) U2
3) U3 4) V4
Faculty ARV 1) A3FEnNT
2) WMBINITIANTT
3) Ingrmansuazinalulad
4) uyveAEnsLardIALeNEnNT
Time Fluslunsiaulnsdnyidetu 1) Vesndt 3 $3lua
2) 3 -5l
3) wnnd 5 Halus
Duration Fanmfduniign 1) 43 (6 : 00 4 12 : 00)
2) 29018 (12 : 01 63 18 : 00)
3) fafu (18 : 01 &1 24 : 00)
4) 9395 (24 : 01 93 00 : 00)
Usephone Mnsdwianmlnulunsieslanniian 1) @uny
2) Besedoas
3) lweaudnise
Income_st slavestnfnwsdedy 1) st 200 U asld
2) 11nN77 200 UM
Live Uagtiuondvog 1) U
2) vowin
Grade HansEeunie 1) sniAwads (Heunin 2.86)
2) wnniianade @nndn 2.86)
Income_fa lasofiouroinTauns 1) $1n1 20,000 UM
2) 20,000 - 30,000 U
3) w1nn31 30,000 U
Class nau 1) nguund
2) nguAnaNnivlnu
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2.4 Data Modeling

lunsadiuwuuasimaiuesuuuy
nsldannsninuvesinAnen Talusunsu WEKA
(Waikato, 2012) #adulusunsudidiaiuaiunse
Tumseneimiiosdeya uasidufivonsuanniinide
wazldauegtaunsvats wazidulusunsudssian
Open Source wustayasonidu 2 d yansiseus
(Training Data) Wazdayaynnaaey (Testing Data)

#5191 UUIA8INISLUUIIRBINISYINUNY
sYwvunsidaunsnivuvesdndner aagmaia
mﬁwﬁauﬂa (Dunham, 2006) (Chakrabarti, et. al,
2009) 31u7ud wada leun (1) wadalaseane
Uszamiiew (Artificial Neural Network) wunns
F1aesn1sinnuresraausyam (Neural) Tuaues
vaywd Usznaumeiliadva (Nucleus) 91130
fiwad (Cell Body) wazleUszamut (Dendrite)
U duUsTaINAuAnuILIeenNNININNIY LAY
wnuUszamieen (Axon) fivudnditdusinn
dyradszaliivienssualszamaunialuds
AUDIEIUANY 9 (YsulaSu NIASNa, 2548) Syuv
Usgamvedauesveanywd lagniiundiassuay
WaundulaswasreveslaseneleUssam laenis
thesdusznouvdniiddgluszuudszamuyudanld
TumswawuusiasdiaseigleUszam 30
woswunseu (Perceptron) Wuthenulssamifion
wuuRedinieieafisiassdnvazveusaduszam
IngtayaazgninuiunaduUsTam newseana
nameflaidy SavTouaiiouduwaduszam uas
maé’wé%gﬂaﬂﬂLﬂu%agaﬁwﬁ'wmLsuaéﬂiza’m?iu
soly wuudhaesiitelulasadnensvinuestaseing
Iaﬂixmmﬁmﬂﬁm%mauﬁaLmﬁ’mmmﬁ'&mi’

sauaUsTanaratusuuruiu (Parallel) 1¢ (Jones,
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2008) (2) wadaundniud (Naive Bayes) tdunns
Fuundszinnlaldudnadflunisneinsalniig
W19z18u (Probability) ¥esaun@n sewannsnged)
Y9918 (Bayesian Theorem) @1115avinungaAAaE
Whvsnevesfegremensiansanannudiasdu
Mﬂﬁqmzmﬁmﬂﬂ'mmaﬁlﬂuiﬂiﬂ” (3) wmadla
w-tesisauues (K-Nearest Neighbors) 1uwnaila
?J@Qﬂ’l‘iﬁ’]L%ﬁ@d%@%aﬁlﬁ%ﬁﬂﬂ’]‘iﬁ’m”I‘L!ﬂél”lE’Jﬁ’Uﬂ’]‘i
wisngudeya wilddwmsunisduwundssinndoya
WunsBeuduuuiifasy (Supervised Learning)
FuduBnsduundeyailidudou lnefiasanain
yateyalndiAssiudeyaiiidauls Bonyadeya
wandan ieutulndfian (Nearest Neighbors)
(cigwed 13UsHIAS wor MSed andl, 2552) wiada
K-Nearest Neighbor 1§35nsidenyndeyaiitoutiu
Iﬂé"ﬁ'qmh”U@iwmsqm%’aaﬂaﬁﬁﬂé’qﬁmimm K @7
1A8AUIAIAINNAB1EAAIA I8N ITAITEEEN
tfouiian Inesnnsinagliisnsiasgma (Distance)
e gﬂﬁlﬁﬂu (Euclidean) (Han, et al., 2011) wag
@) weiladulisindula (Decision Tree) Wumeiln
Mﬁwaqmsﬁﬂmﬁaﬁaaﬂa Warulag Quinlan (1986)

JunsiSeuiuuuiifasu (Supervised Learning)

'
=

Fudulumailddmiumanziuniovunemg sl
flaziintudaemiin (JudaneifialunisGeuidily
Fugounn lngazdinsuanuuusIninunsin (Root
Node) 1 ulmunaniglu/Ivuafs (Branch Node)
unneenlumuieulvviedeya auluglnuely (Leaf
Node) iunuuiaesiifinsidenlossgnindeitaul
funpasUilenaiintuandvounanisaiiig 4
2.5 Evaluation
Mn1siTeuieuniysednsaan

(Efficiency) vasiuuiiaasnisituigzuuuunsly
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U5 UTRNANYY NSNAFDULUUINADIAIETD
10-Fold Cross Validation @udunisuysdeya
ganlu 10 yaw q fu waglideyaganisizeus 9 4
af1auuUinges Joyaynavadey 1 Yndmsunadey
LUU1809 WaYMSILE I 10 58U M&INtuinnIs
WIAIANLNULN (Precision) A1AusEan (Recall)
LLawhmeﬂéfad (Accuracy) (Unen tAaUszan,
2547)
2.6 Deployment
‘Ll”lLLUUﬁwaadmﬁ’mﬁmwgﬂﬁaq

wnigauidlunisianivseundndusiely

Time taken to build model: 0 seconds

=== Stratified cross-validation ===

3. NANTTIVY
3.1 uwuudnaesemaliamilesioya

INNTEUUUTIABINTTIUIEITULUY
nsldaunimlnureindne NMsasIluUTIaIsIY
wadau1dniug (Naive Bayes) Tuann1sAIuIM
AUz (Probability) wagnsas1auuudnass
peaila La-1esisauues (K-Nearest Neighbors)
londnnisAnaiaainnuadeadeseninedoya
figoenisviuefuteyaioutu swided Fala
annsatiaueuuusaesludnuassunwls Fadu

Ya o = o '

NA8398NA0819015aS 19k UUIang b ulusensy

Y

WEKA ﬁmamﬂugﬂﬁ 1 way 2

Summary ===

Correctly Classified Instances 290 79.235 %

Incorrectly Classified Instances 76 20.765 %

Kappa statistic 0.5663

Mean absolute error 0.2724

Root mean squared error 0.4063

Relative absolute error 57.6323 §

Root relative squared error 83.5991 s

Total Number of Instances 366

=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class
0.810 0.236 0.847 0.810 0.828 0.567 0.847 0.917 Gl
0.764 0.190 0.713 0.764 0.738 0.567 0.847 0.745 G2

Weighted Avg. 0.792 0.218 0.796 0.792 0.794 0.567 0.847 0.851

=== Confusion Matrix ===

a b <-- classified as
183 43 | a =Gl
33 107 | b = G2

JUT 1 uuudaesmenaila Naive Bayes
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osas swAnnsoim UA 2 adun 1

anun anenFaasianalulad PN
20

7

Time taken to build model: 0 seconds

=== Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 358 97.8142 %

Incorrectly Classified Instances 8 2.1858 %

Kappa statistic 0.9539

Mean absolute error 0.0287

Root mean squared error 0.1477

Relative absolute error 6.0788 %

Root relative squared error 30.3942 %

Total Number of Instances 366

=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class
0.978 0.021 0.987 0.978 0.982 0.954 0.988 0.994 Gl
0.979 0.022 0.965 0.979 0.972 0.954 0.988 0.963 G2

Weighted Avg. 0.978 0.022 0.978 0.978 0.978 0.954 0.988 0.982

=== Confusion Matrix ===

a b <-- classified as

221 5| a==@G1l
3 137 | b = G2
3UN 2 wuudraesmemailln K-Nearest Neighbors
ANSAS 1ML UUTIaRIR 2uATAlASIUNY 3.2 W3suiguuseansnnuiuuanans
Uszamuiiey (Artificial Neural Network) wagulsl A1SNAFBUUILANTANUDILUUINGBS

andula (Decision Tree) dnaushuudnaenly  mahuiggluuunsidauniniiuvesindnw menns

suamAsuanslugui 3 uag 4 MAIAIINGNABY (Accuracy) YBINITYINUIY WU

61

G2

Salary=sA2
Salary=8A3
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3U# 4 wuudaesmewmaila Decision Tree

wuudiaesiasailsmailalaseiieUssamiion  u1dvlug (Naive Bayes) limanugnaesigaminiu
(Artificial Neural Network) Timansugndesgeiign  79.233% s1wazidennsuandlugun 5

WINAU 98.361% WATLWUUINABINAS199 28 nALlA

Accuracy (9%)
120 -
98361 98.087 97.814
e 79235
20
&0
&0
0
Q
srifcial  Decision Tree  K-MNearest  Nave Bayes
Naul Naighbors
Natwars
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dlovnsiUssuidisuanadnaianuuiug
(Precision) L“T;JuﬁiwaﬁauﬂaﬁﬁNaé’wégﬂﬁaﬂmﬁmim
mﬂ%gaﬁy’wm warAIANTEEN (Recall) WuAves
Toyanadansgnaedlagfia1s1INToyanadns
ety vesuuuassiiaiefmomaiamilostoya
4 wafln WU wuusiassiliaiauwiuguay
ANANNTEANENER AD wuUshaesiiadaewmaie
TasevneUsyamiiey (Artificial Neural Network)
509091 Ao suldandula (Decision Tree) wa-1fles
\SaLuLUes (K-Nearest Neighbor) wag w1dwiug

(Naive Bayes) MUa16iu AIn15199 2

A15199 2 wan1siSeuliau Precision and Recall

ah
T

Yoan@nwnnan teean Wunisussulananasna

WWeuuwuunIvnueadUszam (Neural) Tuases
Yoauyud Falassaiamsidensieiuiliinanvauy
' 2 O 1% ° Au v
voslasstneilutu 9 (Layer) wagltnsAuinngudou
bilanadnsignaeusugl uazuuudnaesiiaing

mamaliaudniug (Naive Bayes) lriAarugnees

'
o

AEawiniy 79.235%

5. VBLAUALUSLNULAY
Jaauawuzluni1sinideasineld adsin

LUUINARINAS 199 nAtAlASIUgUSE AN BY

Model Precision Recall
laseuneUszanmiiey (Artificial Neural Network) 0.984 0.984
guliidndula (Decision Tree) 0.981 0.981
1A-1esisaluiues (K-Nearest Neighbor) 0.978 0.978
w1dvue (Naive Bayes) 0.796 0.792

4. a3UnanazafUsIuNanIsINY
uiseaddl nanisadrawuusnasinig
wrgguwuunsidauisvlnuvesindne lagld
wadaA-Ldesisauues (K-Nearest Neighbors)
u18uiug (Naive Bayes) lassngussanifiou
(Artificial Neural Networks) wazsulsiandula
(Decision Trees) Han53¥emUT wuusaesfiasnade
wallalassueUszanidisy (Artificial Neural
Network) Tinmgndasgefigaviniy 98.361%

iAUseansamnisviunegduuunisidaunsnlng
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TWimwduieundrdulumsinneguuuunsidnu
aunfnlnuvesindnw ileneliAnUsslovinas
ansan Ul dunuimiddunisusudsanginssy
nsldauamninliuvesin@nulvigndeaningay
waztauInIsdouivesinfneidely savenisi
Lmﬁmuﬁaﬁa;ﬂaﬁu 9 wassluea 1wy weie
n1338ussamAy (Ensemble Learning) Lilomn
UszAnsnmnnsviuneiiindn uenandueisdiy

nufmegeyataya (Data Set) illduiuundy
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Effect of Thickness on Optical Properties of ZrO2 Thin Film
Deposited by DC Reactive Magnetron Sputtering
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UNANED
mATeiedeuiiduweslafivuenlyd (2r0)) vunszanaladuazuiudanousnuIsagsLondl-
wunfinseuadnmeds WeAnwinavesnnunuiseautiniuawesfidy wdihidufiindouldliasizi
Tassadmdnieiniesiiasginaisiuidienddnudnuus iuiazanumudendosanssed
usseemeNinmnsdmILasRaeS Ul lndmesuas A uInAA T swawe &L 833 Swanepoel
NansANYINUITEL 210, fndoulaiassaswdnuuuliluadiin anumndiawindu 250 nm uag 500 nm
AMNNETURY (Ra) WU 3.20 nm waz 3.60 nm Aduiiwdoulddeduilinm (n) LLaxﬁﬁé’uﬂisﬁwéﬂWiﬁUQ@

(k) FiaueTIAEURAT 550 nm Usyanal 2.06 wag 0.001 AUEIRY wariiuaundsnu (Eg) Ussann 4.17 eV

Aadgy: Nauurswesladioueanled, Sueafnatnness, AMANNIwas, 35 Swanepoel
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Abstract

Zirconium oxide (ZrOz) films were deposited on glass slides and silicon wafer by

DC reactive magnetron sputtering method. The effect of thickness on optical properties of the films

were investigated. The crystal structure was characterized by X-ray Diffractometer (XRD). The surface

morphologies and thickness were evaluated by Atomic Force Microscope (AFM). The transmittance

spectrum was measured by spectrophotometer. Optical constants of as deposited films were calculated

by Swanepoel method. The results show that the ZrO2 films were monoclinic crystalline structure.

Thefilms thickness were 250 nm and 500 nm and surface roughness (Ra) were 3.20 nm and 3.60 nm.

The Refractive index (n) and extinction coefficient (k) at wavelength 550 nm were approximately 2.06

and 0.001, respectively. And energy band gap (Eg) was approximately 4.17 eV.

Keywords : Zirconium oxide thin film, reactive sputtering, optical constants, Swanepoel method

1. unin
Nduurswesladeneenlud (210) 1Dy
fduueanlediildsuauaulasgrauinainngy

yn3deluiilan Turimessuik I nuINinsAny

Fuuarimunieiunsndsuilduwesiadlayoanlen

v v
o

MAuANUINUgILLazn1sUsEEndldnulagang
agBslunquitldandfsuuamazdidnnselind
duurawestadoneanlenilaudfiuiaula
waneUsen1s W IAnuudege vwsensdnd waz
o | va a1 ° 6 A1 U A v
nsianseuldd Tanisiluiisdadyidinmgs

o ' @ (%

yonandduduaisiediiiiAlawaundaauniig

'
a o

nsgyidenanasn fddyduiiduuilusauag
gilutrnueadfiukaglndgrudunsuse nsgandu
wasinduuinuniningesddansihloands
Bursn nautininandisduyiidni s gy
woslaeueenledluuszndlivihnszanagiouuasgs
(High-Reflectivity Mirrors) alnasuasuiininsnaan
wuutanhs nielivingunsalBidnvsetindilasiouas

THihduwesasiaduniasandwudusu

Tassasrananvesiduwesiadeunonlyn
Fuiumaia wavdeulunisideu nseleufidy
waslallsusenlunaiuisonseulanaieds wu
I85z1me@ns(Evaporation) o15teWalaneie (RF
Sputtering) AaUnma3e (DC Sputtering) Lazlwalaa
(Sol Gel) 1JusupeslsAnmuniswseuildusemaila
atlmeie felsiluseuninisdu Ae aunsaniuny
dnsuadounavautivesiiauldie Mduilsdnuam
WazMsEaNER (Wu et al., 2006) Bnvsdaansnga
Uszgnillg nisiadeutususuialnglusedu
guamnssulaiedneie

Tngshluauvivesfiduiiindoulagufy
wede wazdeulunisiedou ilrnumuvesdidy
Adufulsnilsitinadelasiadraazdnvaritui
Y03ildy (Elsholz et al,, 2004) Fsdsmasoauviny
0alaN WU AANTAMURYTURININILNTE LA

(Lai et al., 2005) visddinITevarenguAnwINaves

AMUNUIseENURTRINaN WY Ma et al. (2002)
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wuhautRmslrifuazan TR swasuRua L
Ypeilau SnO_:Sb wag Zhao et al. (2008) Wy
ANMUNUIAHARBAIULASEAAIATT AYTINLA LAy
NMSEHULEIB A Zr0,

2. YAUWAYBINISIY

£
1Y = '

UNANIITELAN S INAVDIANUAU RO EUUR
masasvesfiduwesladouoanlynfiindousie3s
fTsuenfnuundnseualnineds N1iAEian e
lnzvedlauarlfiniediasssinsidoauuddiond
iiofnwilaseadiandn ndesgansimiuseozmon
[efnudnwasiiuituazaunun dmduauds
MLEWATLOUNT Y 92 TAAINITASHIULAIARE
w3osanlasTnlnfiines udrunmuiamdui
v uazduusyAninnsdugey f1e38 Envelope
AULAUNGIUAUIANALUARTUATTAINIULE

$875 Swanepoel (1983)

3. gUnsaluazisnisivy
Hauwoslaifisusenledluruideiinoude
3 fFsuenivuuninseualameds mnndenadeu
aunaszuvalnimness Fauandunnd 1 Fad
VoUAROUNTINTEUAN VWIALAUHMANENA1S 310.0 mm

g4 370.0 mm lagRaduwesiaiiloy (99.97%)

NSaNs SWNNSOIM

% D)
T

YIALHURIAUENAE 5.0 mm finlnandounia
Felviiusgenseuanss I%LLﬁ”am%ﬂaummU%qmég_jq
(99.99%) LLazLLﬁ”aaaﬂ%Lﬁ]ummﬁqw%d (99.98%)
Duufaadnnesuazufialufizenudiv newadeu
nna%&%ﬁwmmﬁzmwﬁwLﬂﬂmimﬁau Taang
alnwosninthaisinasu (Pre-Sputtering) Uszanu
317 IneUnusuts Shutter) iRnszninathansndou
Fuuriuneuay sauwusfdunnd 1 iesinse
Asien \ussELeNg3U Rint 2000 (Rigaku Corporation)
YDINATYIaNENIT ANEIAINTTUANERNS PWaINTAl
WINENEY NABIaNTIALLIIBEABUTU Nanoscope
IV (Veeco Instruments Inc.) Guaﬁgiuém%imﬁaaﬁ&l
Igremaniuazimalulad aaensaluvIngldy
wdesaunlasnlafinedgu UV-VIS-NIR 3100
(Shimadzu Co., Ltd) 709Anendsudsnndoy
wagian uningraemalulagnszaeuinaisuys
FunsunisiadeuiBuaintinsyanalas
wazUNUTANDY WhgnwurayyIna Ialivineein
niuthansiedeuminiu 10 cm anausuluieaniou
TRl@raduiuinfy 5.0x10° mbar wdUdesuia
Wrgn1vuragyinia lngdvualidnsidiunig
ansnausenideandaunsitiniu 1 sccm : 6 sccm
PuguANNFuTIYzIAdauliAivindy 5x10°

mbar fdsluiasiivingu 180 W
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P = A a e = s
M1919% 1 Ld@ul%mﬁLﬂﬁ’@UWﬁuUNLﬁ?jaﬁmu‘amaaﬂism

wouly sngazidun
AIUAUTIH 5.0 x 10 mbar
sygysymaihansiediouiuiansessu 10 cm
dRTNEILLAARSNOURBLAADBNTLIY 1 sccm: 6 sccm
Mdsludin 180 W
naAfau 90 Kag 180 min
(a) Unbalanced Magnetron (b)
Cathode
Substrate F NG
T | Shutter  Target -
Substrate hoider | | ™. de
e DC power
" supply
|| ~
wC fa
— I |
o " _T_'
i l
to vacuum pump system

AN 1 IeSedAdevanaINAsEuURTsweafnuintnseualnmesa (@) lnesunsuveasesnioy

way (b) MIDAFDUN I ILIIWITBIT
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VA UELEAIERTE9TY

|

Tadanssasulunivuy

|

FTEMILHYINTA

el J 4 hd
| TmsAnusumumingu 5 x 10° mbar

}

Pre-Sputtering vundudual 3 vn

|

é =) o= & = (1) \
WA UALUID 'ﬁﬂ Laia ﬂﬂyl"ﬂﬁl

-

d o 1 ol -
NATUAUTIWVIAY 5 x 10 mbar

dl 5 A a s =]
A 2 Fursumsinaeulauusesladeu

ponlws

fauwaslaisuaanlyaimdaulanarun
2 AT IEALASIAS19NENAELASDAA A UUSIFBND

ATIVIALUU 20-scan MIELUANNTENULEES AU
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s )
T

3° Tpgauny 20 970 20° 89 65° Anwidnwaiuia
WAEAUNUIYBITIRLMENdDI9aN IO NBY
Sarnsdeiusasieeiosadninsliladves uaz
Funuediinm (n) Aduuszansnisdugey K

A2835U83 Swanepoel (1983) AINAINITAINIULEAT

4. HaN1338uarafUIYHE
4.1 Tasead1ew@n

amdl 3 uansgUuUUMIEEILULSE
wnduesiiduunaweslaiousenledil wuiridud
\ndeuldTizuuuuniadenuuidendindoudu tay
wusULUUN AU Rend Ty 24.05°, 28.17°,
34.14°, 35.88°% 40.70°, 45.49°, 50.09 ay 61.93° GN
n3sfugUkuUMaAs VLT et uesaTsUsznoy
woslaioueanledniuinasgiu JCPDS waufl 78-
1807 Aifllassadramdnuuululundin szuu (011), (
I13) 002), 102), 211) (211), (2200 (13 nw
et Taedtszuny (111) fAnuuveinaandIu
sUsuUMsAs UL Aondiiyy 56 52 0usgdaneu
lfiduansossu aeandesivanuiseves Zhao et
al. (2008) wuindefiduweslaifisusonludiiadeu
13 5

loilaseasananuuululundiinszuiu Ay
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Intensit (a.u.)

2 Theta (deg.)

i 3 sUsuuNsiRsauusdiendvesilduuiugesiatluteanlys

Apsfiuanfisvesiiduunawesladoueenled  wulflduusTiindeulneudsaiaunun Sanaed
MIANGATNITAUIUMITELINTENTNTVINUNEN  wanTignsanny 11msgiu JCPDS Wil 78-1807 w4
Tuszuundnuuulilupdin Womniduawesiadion:  Aduurswelafleuesnlediifilassadmdnuwuy
sonlediadovlaillassadawdnuuulalunddn  Tulurddn (@ = 5150 A, b = 5211 A, c = 5317 A,

Tngeandoguuuunsidevusdiendvadiidauunnld B = 99.230) dauanslunnsiei 2

A15199 2 AAsNkanfivvasildauuIwesiaielaaniun

AU (Nm) a (A) b (A) c (A
JCPDS (78-1807) 5.150 5.211 5.317
250 5.215 5.148 5.348
500 5.069 5.213 5.364
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a0 )

7

d1usurninndnvesilauuisweslateu-
senlasifumlaann Seherrer Equation Tagende
sUuuy madsnuuiiiiendvesiiduunsild wud
Tduunsiirdeulnguuseaumn wanfluunaiiaty
mumuunsEsuudidend Taefissuiu (T11)
naniA1lurie 18.40 nm §9 20.09 nm falanslu
31971 3aenadostuauideves Zhao et al. (2008)
wurndlefduwedlafleusenluniiadouldlaonys
AN FUARENLRLTUALAI MBI

AILAAII LN 3

4.2 ANWMUSNURY LATAIINNRUN
o 9 R .
NN 4 LEPIANWMENURILUU 2 15 Lay

3 §iR vesTlauuamesladoneanlynNinunuAg 9
NNADIRANTIAULTIDZRBUNUTITIR VTV AUINTY
a o [~ 1 & a ] 1 (v
fanwaziduwvavatsuwvay @n Jvuialadwindu

o & a a e as a X
N3¥2188LINURIVRITAY AUVNYDITAULAY
211 250 nm Kag 500 nm @ UANUNETURRLT AN TR
Aauanslumsed 3 Faduldmunguimsiniidy Ao
A v a X o qu &
deldanlunsindeuunudurinliesnauvedasiniesy

AnasuuTanseesuiinan Ui vl duausndy

P a = a s = ¢
A9 3 AITURUT AFURYIUND LLaZéﬂuqﬂNﬁﬂéﬂENW@@JU'NL‘U@%I?]LHEJM@E]?WI“UW

AIUAUN AURYIUND YUIAREN (nm)
(nm) (nm) 111 (002)
250 3.20 18.40 18.06
500 3.60 20.09 19.85
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7

1.00

4

= 0200 pnseiv
2 Q0,000 revdie

v

AN 4 Snwarfiuiawuy 2 05 way 3 06 vesiduurswesiadeueanlas (a) 250 nm,

ey (b) 500 nm

4.3 @UUANIGLLES dusuansvnn (n) wasdudszanonis
Hauwesladleusenlenndoulddidl  dugay (k) mlda1n3s Swanepoel lnglddoyaan
ﬂ’liﬁldBhuLLmQQﬁﬂwﬁ’NmmENLﬁULLazauWiﬂLiﬂiﬂﬁ AUNASUNTAINTULEILIAIUIN NUINTIAINULT?

(NN 5) AAULEY 550 nm Wauurweslallsusanlusiadiau
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2 )
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alissslaasslaiaastasanlansy

Transmittance (%)

AETICNETAIRETARTRRANRT]
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— D= 250 nm
=w== =500 nm

o
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Wavelength (nm)

AN 5 Segarnisdwinuuaasiduuawesiadivueanlyn

ToguwUsAANULISRENME AL ALTUAN 2.00 U
2.06 MIUAINU (NN 6) @aRAaBINUNUITEURS Lai

et al. (2006) WUINFULIRNMAANTU lpANUAUTALY

agluYae 550 nm 9 1630 nm uazHojabri(2016)
nuAevRnluge 2.04 — 2.18 way Kondaiah

et al. (2012) wuAewLsnLAl Y9 1.81 — 2.10

2.20 1
215 3
210

205 %

Miﬂ 9

=@= D =250 nm

=@= D =500 nm

Refractive index

2.00 4
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-\'\H+i =—a
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Wavelength (nm)

P YRR a s = s
AN 6 @mu%ﬂL%%@ﬂwaquﬁLﬂ@ﬂﬂLu&]llf]@ﬂ‘lsl]fﬂ
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1)
N

ﬁauﬁﬁuﬂazﬁwémﬁu@mﬁmﬁaiﬂ,mEJLLUwh
ALY 250 nm ag 500 N AR e TIARLUES
550 nm fAWYINAU 0.0013 wag 0.0009 ALERU
(Nl 7) denndesiuauddouss Swamalatha et al.
(1992) Wmﬁé’mﬂmﬁmémﬁugmmmﬂa’mﬂq—
woslasuoanlasilmwihiu <0.0003 finnuenindy
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AT 8 LARILOUNS 191U (Eo) vos¥lauU
woslaloneanlys Aunaainauns 1

o= AXhv—E, | hv (1)

le p = 2 (Direct Optical Band Gap)
(Henri and Jansen, 1991) wuinanuununliiinase
woundsuvesilduuawesiadoneanlesd dwau
warnuvesilduuaweladoueenles lueised

a

AAnNINU 4.17 eV

0004
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Extinction coefficient
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<= D =250 nm

=@= D =500 nm
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i 7 dudseansnisauanuesiiduunswesiadeueanled
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{xhv)2(10'2cm2eV?)

(=2 S
t

+-

esee D=250nm
D =500 nm

4--....1..!.‘._..; .

a4
...... EEEaE]

rirrrrrrer e e e T

30 3.1 32 33 34 35 36 3.7 38 39 40 41/14.2 43 44 45

Photon energy (eV)
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NsaNs SWNNSOIM




osas swAnnsoim UA 2 adun 1
an dnenAaasiainAlllag

)

7

5. #5UNan1539Y

NSl dAnwInave s LU ANTR
manawesilauwedladousonlenfitndounisds
Agsuendnuuninsoualnmness nan1sAnwInuIn
ANnurinanelassas1slasauTRnalavesilau
dleflduwesladousenlasiindeulnowysarnnumn
fassadrendnuuululuaddnlaefiszuru (T11)
fANuYeIfingean Tnefdudiladnudundn
RuTunuaLu usuaAinLauesildy
wedlalausenlys Fauanwerfudinmg (n) was
Adszavmstugey (k) vesilduinnueninduuas
550 nm Usgaed 2.06 way 0.001 auany wagd

WOUNSU (Fg) Useanal 4.17 eV

6. nnANIINUTENA
NdTvatuldisaadlsmenidasaintasu
AUNTNIBEINGIINTOIAIARNTINTE AT.a5599

lyoan uagdiemans1nsd as.dfund Innetud

z{

nganlirUsnwuuziinaenIukiuteunnsowing
freanuaziBenidiu wazionlalddefianen
vavauAMviBalUiinmIdewmaluladayyiniawag
HAuuna (VITF) wagviosd fudnsidenanaun dwsu
AneenansiRa (PSS) neivTANd A inedans
uvInerdoysnn AlvianueyaszitazdIeimde

Tun159i133eaea
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Abstract
Effect of Cutting Storage Duration on Cassava Growth was studied during in July-August 2017.

The experimental site was done in agricultural field, Faculty of Science and Technology, Phra Nakhon
Si Ayutthaya Rajabhat University. This study used two cassava varieties (Huay Bong 80 and Kasetsart 72).
The experimental designed in CRD (Completely Randomized Design) with 4 replications. There were
4 treatments in 4 cutting storage durations (7, 14, 21 and 28 days). The results showed that longer
duration had higher plant growth. At 28 days cutting storage duration showed highest plant growth.
In Huay Bong 80 had 45.60 centimeters of height, 16.75 of leaf number, 26.05 grams of branch-leaf
fresh weight and 2.33 grams of branch-leaf dry weight. In Kasetsart 72 had 52.25 centimeters of height,
20.33 of leaf number, 22.49 grams of branch-leaf fresh weight, 4.98 grams of branch-leaf dry weight
and 0.45 grams of root dry weight.

Keywords: Cassava, Cutting storage duration, Growth
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Abstract
The objectives of this study were to investigate the personal, economic and social, extension
services of farmer’s need, technology application and the difficulties and obstacles of rice production.
The sample studies were 97 rice farmers in Phothong District, Angthong Province. The research was
conducted through interviews. Statistical analysis was performed using percentage, mean and standard
deviation. The results are concluded that 1) rice farmers had a high level of needs for extension services
with the highest for support and services, 2) rice farmers had ahigh level of technology application

in rice production with the highest for harvest, and 3) the most problems and obstacles were water

management and drought.

Keywords: Needs, Extension, Application of technology, Rice Production
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Table 1 Needs for Extension Services in Rice Production

Needs for Extension Services X S.D. Level
1) Knowledge of rice production 3.72 0.39 High
2) Techniques for extension 4.16 0.15 High
3) Support and Service 4.37 0.10 High
Total 4.07 0.24 High
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Table 2 Technology Applications in Rice Production

Technology Applications X S.D. Level

1) Rice seeds 3.72 0.38 High
2) Soil preparation 4.01 0.28 High
3) Weeding 4.28 0.16 High
4) Fertilizer 4.14 0.24 High
5) Prevention and extermination of pest 4.41 0.11 High
6) Water management 3.88 0.36 High
7) Harvest 4.56 0.09 High
8) Accounting 3.70 0.40 High
Total 4.09 0.24 High

3.4 Usgmuwazauassaluniswdndig

Tuauvealyniuazguassalunis
WA veanERsNItu Jyiinusnniigade Ygm
Reafumstanmstiuazfouds (Anads 4.62) Fallgym
fenarifnarniuiidiulngogunslnaanund
yEoundsratszniu wasiinnisugwinturongy
wnunsnslufiuiilugaemiuds ilddlifisme
donisvin Tngmmireauiiierdesmsseiuudly
Papmfananaviuil iloussmenuyndvesnynsns
wazlindwasunisinunsalsfnumuuIniglung
Tinaluladfivuaiodieudlotymidinuasnsuay

Wunsnisdaasunisudndniluiiunseld

4. unagy

v

INMTIAEATIL wud inwasnsgugndna

v

fiaudeansnisduasunisndntnegluseduun
NNFY

lauf suaudeIn1sAusiieIiung

NART1Y AUAINABINISINATAITNTAUESUNTNYAT

NSaNs SWNNSOIM

wazAINABINITNTANUANULALUSNS Bdluynanuil
WannduasunisinenstuiiunaIsTiaIsuny

A o

AYUABINITVBLAEATNTINBELSAITYINNBUNS BYINA S

v
A aaa =

Lﬁaiﬁmwmﬂﬂuwwmmm'mL‘Uuawmuua

o
o

Uszaupudisaluen@nnunsnssunaealy
wnwasnsgUgntndnslidmalulaglunig
wandaeglusziunnnnndiu liun duwdaiugino
ANUNITRSEUAY A1uNSAdRdYiY aunsldde
Funistfestunaridadngiia dun1sdanisi
Funsifuien wagdunisdavindiyd dddunndwil
WA osnrsdndunisatuayunsld
walula8lunisndatsiely leliinunsnsaunsa
wandniiinunmAtazlasaseoandmuioun
Auslaa uazdunsiasuasisesdauiivg 9 Tusu
nstdmalulaglunisudadnuninuning
drudgmiazguassafinuuiniiande
‘UzymLﬁﬂﬁUﬂﬁﬁﬂﬂﬁﬂf’]LLazﬁaLLé’a ?jqﬂzymméﬂﬁ

INEATNIAITADITINAIN UL aUA Lo Ty nifenan



5 )

osas swrAnnsoim UA 2 adun 1
an dnenAacsiainAlulag

7

Aeaulenau mndamssnanldaunsaudlale
= | = | PN v P 1
FewearuYIsmasanuisuigIvoLie i

whsnutuuslutdymasnanlinely

5. 19NE1581989

Bamrung, P. and Martwanna, N. (2012). Needs
for extension services of sugarcane
growers in Northeastern region. Khon
Kaen Agricultural Journal 40(1): 119-126.

Chaiwut, R. and Intaruccomporn, W. (2012). Needs
for extension of para rubber tree growers
in Chiang Dao District, Chiang Mai. Journal
of Agricultural Research & Extension.
29(3): 51-59.

Janpa, W., Aditto, S. and Suriya, P. (2019). Factors
affecting adoption supplementary
irrigation technology in sugarcane farming
in Khon Kaen Province. Khon Kaen
Agricultural Journal 47(4): 749-760.

Janthong, N. (2014). Farmer’s adoption on
quality management system of rice
(GAP) in Wiset Chai Chan District,
Angthong Province (Complete report)
Plant Production Technology Program,
Faculty of Science and Technology,
Phranakhon Si Ayutthaya Rajabhat
University, Phranakhon Si Ayutthaya.

Janthong, N. (2018). Farmers Adoption of
Corn Production on Good Agricultural
Practices (GAP) in Angthong Province
(Complete report) Plant Production

Technology Program, Faculty of Science

and Technology, Phranakhon Si Ayutthaya
Rajabhat University, Phranakhon Si
Ayutthaya.

Paowsrakoo, N. and Wongsamun, C. (2018).
Adoption on Jasmine Rice Production
Technology with Good Agricultural
Practices of Farmers in Tungkula
Ronghai Area, Roi-Et Province. Khon
Kaen Agricultural Journal 46 (Suppl.1):
779-785.

Phothong District Agriculture Office. (2018). 2017
Rice Report. Angthong: Phothong District
Agriculture Office.

Prasitratasin, S. (2003). Social Science Research
Methodology. (12" edition). Bangkok:
Zeanching.

Puey Ungphakorn Institute for Economic Research.
(2018). Thai Agricultural Microscope.
Bangkok: Puey Ungphakorn Institute for
Economic Research.

Rice Department. (2018). Rice RD.43 Rice varieties
and nutritional values. Bangkok: Ministry
of Agriculture and Cooperatives.

Sarast, K. and Wongsamun, C. (2008). Needs for
knowledge and media on rice production
of farmer housewivesin Nongwai irrigation
project area, Changwat Khon Kaen. Khon
Kaen Agricultural Journal 36(2): 263-274.

Sanponhan, K. and Prapatigul, P. (2018). Factors
affecting adoption of using organic
fertilizers of growers mango namdokmai

sithong export in Phrao district,

NsaNs SWNNSOIM




osas swAnnsoim UA 2 adun 1

anun anenFaasianalulad T
N

Chiang Mai province. Khon Kaen
Agricultural Journal 46(Suppl.1):
887-893.

Supkasem, W. and Srisuwan, S. (2017). Farmers’
opinion towards rice production
technology in community rice centers,
Mueang District, Suphanburi Province.
Agricultural Science Journal 48(1): 118-
126.

Thawirat, P. (1997). Research Methods in

Behavioral Science and Social Sciences.

NSaNs SWNNSOIM

(7" edition). Bangkok: Srinakharinwirot
University.

Yamane, T. (1967). Elementary Sampling Theory.
New Jersey: Prentice-Hall.

Yoosuk, C., Tangwiwat, P. and Yooprasert, B.
(2017). An application of technology
in sugarcane production and needs for
extension services of farmers in Mueang
District, Amnat Charoen Province. Khon
Kaen Agricultural Journal 45(Suppl.1):
1597-1604.



navaIwilaatanslwasaniswauivasiudulssngua
Tuanwlaanida

Effect of Paclobutrazol on Development
Pineapple cv. Phu-Lae In Vitro

WeyaasIal Tngieea’ waz ewinsal Isezuiuun’

Benjawan Yaiyong' and Yupaporn Wiriyananont'

'AIvINERIMEns AugIng1eansiazmalulag uAngdeI Ui nITUATAI0YsEN
'Department of Agriculture, Faculty of Science and Technology,

Pranakorn si Ayutthaya Rajabhat University

‘Email: sirisomy@gmail.com

unAnga

M ingUirasiiodiussavsammamzidsndodeduzsagualuanmiaenide Tasms
Wisans Paclobutrazol (PBZ) (0 20 40 wag 60 dadinsusiedng) aslueimsanstnineensiu (Murashige and
Skoog (MS) 1l N6-Benzyladenine (BA) 1 fiadn5usiadns) 1M9uHUN1INAa0LUU Completely Randomized
Design (CRD) 13suiflsuauunnsnsesaiadelagdd Duncan’s New Multiple Range Test (DMRT)
pdsmnnnnzdessudiufindunm a4 §0asi wuh fewdudunes PBZ 60 Sadniusodns duausen
WAvgean 4.33 voadletudaufiv ofiansanmsainesin wui @ PBZ 40 fiaBnusiodns THsuausn
Walbgagn 20.66 ndetuduits Tunaidl PBZ 60 fiadnsusedns Lifinsadenniindu unnsannsada
oAty (P<0.05) Feanmsanunil PRZ 7 40 fladntusiedns Wumudiduiimnsaudenisiiudiunm
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A o [ ) ey a a v a
diethesnuieuuia luanimudasUgnduduizsaguadildanunsansgiulaldniulng

o oo o g & d -
AaAgy: dulzan, zidsailos, wilratmslea

NsaNs SWNNSOIM




osas swAnnsoim UA 2 adun 1
an dnenAaasiainAlllag

s )
S

Abstract

The aim of this research was to investigate the effect of paclobutrazol (PBZ) on micropropagation
of pine apple cv. Phu Lae. Different concentrations of PBZ (0, 20, 40 and 60 mg/\) were added in
Murashige and Skoog (MS) medium with 1 mg/l N6-Benzyladenine (BA). Data collection was analyzed
for statistical significant using Completely Randomized Design (CRD) and Duncan’s New Multiple Range
Test (DMRT). After four weeks, results showed that 60 mg/l PBZ gave the highest number of shoots at
4.33 shoots/explant. The highest an average of root formation was obtained from 40 mg/l PBZ (20.66
roots/explant). There were significant differences among treatments. These indicate that 40 mg/l PBZ

is a potential method for multiple shoots induction. The propagule obtained from this study was small

and vigorous shoot when compared with control plant and grow normally after acclimatization.

Keywords: Pineapple, micropropagation, paclobutrazol
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dulzsaqua fideinermansin Ananas
comosus (L.) Merr. a@ﬂm&ﬁ Bromelioideae 1Juiie
auan deuveneiugaene Jagludulssaiinis
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randuldsuauinn Tngldsvavnandudu udogals
Ao 9nnsAnwidesiuvesise wuh fudulym
quatildanniamzidsaiede fMudeudreunuay
51817 ladufauss vede fady nnswisiitonn
dreddunarsnliudausedy sududes frauls
FBsuieiiinldfonsldasadl wu wileadmslva
(Paclobutrazol; PBZ)

PBZ \Juassraemsasaiula aglungu
triazole finadudimsiasaivlvesduiity Tnaduds
MMFNNUVDINIAIVLUBLSAAU danalivaUap vy
Fuas odiuenuudusdeidudi (Soumya et al.,
2017) fisreaidsevarsatuilisadesiunisldans
PBZ wiawfinauudeussliiusuiiy uazdaadunis
WanvesduiivluaninUasnide Wy nsld PRZ

APNUTUTY 0.025 — 0.075 TaanSunedns dnabi
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wavAMY, 2558) Te-chato kazmme (2009) Anwn
nsld PBZ Tudundaelsfanavmeannnsingidss
foude wuth PBZ Wt 0,025 waw 0.075 fiadn3u
aedns dwwaluiinnisasimieengean 40-50%
s1e91u Tuftviindu Wy awan (el aaufe
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Sredes UUDWNTENT MS 1Y BA Wty 1 Tadniy
Foans 13m’1a€g‘[mﬁ 3 % WATKIIW 0.75 % WEAe
melduasduinnvaeangosisawusd wiu 14 las
siofu figaumgdl 2628 ssrnwaldoa
2.2 AnwINavas PBZ Aan1snmuIveg
Fuduuzsagualudnmiaenido
ihiudufuduzsngua andaluoen
Tmdorunadidugs 0.5 iwufuns udthlumnzsdss
UNDIMNTENS MS Liid PBZ wWudu 0 20 40 uag 60
fiodnsusedng thanaglasa 3 % uagsedu 0.75 9%
wnzdsenelduas dmanvasangooisaisus
w14 Hlusetuiionmgll 26128 esiwaldua
w&aan Mswnzidsaduna 4 §Uast Suinedidud
AMSingaR LaYIIUIULDATIN
2.3 fAnwNaves PBZ san1siinsnnuaz
anwagn1edugruvasdudulzsagua Tuaniw
Uaanide
vhiughusugulyse indnlusenliivde
VUIAFAUEL 0.5 LWURLUNT Wt luweidssuy
9IM5gAT MS LAY PBZ vy 0 20 40 wag 60
fiodnsudedng thaaglasa 3 % uagsedu 0.75 %
wzidssludifiuasdunnanuasagesisaius
w14 lusedu gauvnll 26+28 esrwaiTya
w&anmszEsadune 4 dUav Tuiinediud
MSIARSIN waETILIUSINATUAILTY
2.4 adnildlunside
Tuusazyanaaes [N SNARRIMUY

Completely Randomized Design (CRD) 1USe Uiy

AULANFNALRAEIABAS Duncan’s New Multiple

Range test (DMRT) viNn15910a94 3 91 $1ag 10 Judiu

3. NAN15IY
NnMsINEEsstudutedulsnuuemS
gnstnuigansiu (MS Wid BA Wudy 1 TadnTusiodns
‘fwmaégima 3 % Warnau 0.75 %) SafuALITUTY
¥94 PBZ fiemidudusing 9 nuin yaarandidy
984 PBZ uduitwanunsasiamlvoensauld 1009%
Tnefiaududuves PBZ 60 fiadndusiodns dwalsy
Jushuinfinsadnesunusensiuganiade 4.33 vos
setuduity uarnszAssEdudulzsauLe s
gnstnt1sn sufuanududuves PBZ 7t 40 fadnsu
s demaliudufindinisadieduiugensaugean
Wade 20.66 sndetudLiY (Table 1) Fsnstnzides
Fudruteduizsauuormsfiiiy PBZ fiannududuy
gjd%u daaly Audulzsagua Tanwugddulay
Tunnduas (Figure 1-a) Ingtawnziinududuves PBZ
60 fadnsusedns wazfirudutusnanndmuii
Fuduivldaunsaldnsiauvessinld Tuvas
fenududuves PBZ 40 fadniusedns e
ORTILRAY 3.66 tanraTud LY Feriouning PRZ
60 Haansusedns uasnaunsamulmdusiuIumin
(Figure 1-b) Fadlorhduduussaiilslunsazanududu
Teyuaastanuan Usenausie eusndnuasiinged
Tugnsndan 1 : 1 wui fuduuesn Frunswneidos
Tuesiieiu PBZ annsawdadulaldmiuund

(Figure 1-c)
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Table 1 Effect of PBZ on nodal segments grown in culture media for 4 weeks.

PBZ Multiple shoots Number of shoots/ Root formation (%) Number of roots/
(mg/V) formation (%) explant shoot
0 100 1.22 100° 1033
20 100 3.77 100° 14.00°
40 100 3.66 100° 20.66°
60 100 4.33 0° 0°
F-test ns ns * *
C.V. (%) = 9.56 4.57 8.63

*Mean values followed by dissimilar letter(s) in a column are significantly different by DMRT at P < 0.0

T~
corytrol

,_ 40 mg/l 60 mg/l

‘J’{l .:V \)" »

-
F &

% .*r
60 mg/l

control 40'me/l

Figure 1 Effect of paclobutrazol on micropropagation of pineapple cv. Phu-Lae.

(a): Multiple shoot induction on shoot induction medium with different concentrations

of PBZ for 4 weeks; (b): Complete plantlets on root induction medium for 4 weeks

and (c): Survive plantlets after acclimatization for 2 weeks.

4. 39150INA

a

413 PBZ dneglunquansvrasnisiasey

o
v

wWulaweaiiy In1sthandssendldsmiunisinieides
Joide Taed¥mgusvasslunslifiunndreu Fsain
nsfnwil nsinzdssiudiugendulrsaiusgua
neldnsifu PBZ vuemnsgnsdningensiunuin
msaigensullifinnuuandimeada uidleinnsan

fednwzeansINALINUINLTBNY ALY PBZ
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LifaL?]'adauaammmmwmmiqm MS ﬁﬁa’ﬁmuqm
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WasWudnsiineensiy uaviuiugen WulReniu
NUNANABIYDY Thohirah kagAy (2005) ﬁlé’iwmu

A15MENs PBZ AUNY39A39 Curcuma roscoena 278
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Abstract

This research aimed to investigate the alteration of Plaa-som fermented with Red Hom

Mali rice during storage at 4 and 30 °C for 15 days. The samples were collected for every 5 day

for assessments the chemical, physical, microbiological and sensorial qualities. It was found that

some qualities and characteristics of Plaa-som were apparently trended to diminish throughout the

storage period, in particular the consumer acceptability. In overall, storage at 4 °C could decrease

the deterioration of product qualities, the formation rates of biogenic amines and the growth rate

of spoilage microorganisms including total plate counts, yeasts and molds in Plaa-Som greater than

storage at 30 °C.

Keywords : Plaa-som, Red Hom Mali rice, Storage
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2. InAULaLITNITNAABY
2.1 msuanUandy

s

Mn1suanuandulagldUarlanug
Inan1 600 NTU 1nFe 50 NFU TrIveLUALAIIEN
60 N¥U uaznsEIfigy 50 n3U HauAgnLAT iy
neuussasluguuinafiunaeldaniizgegyinie
wazthlutufigamgil 37 essmwaidea Wunan 3 5u
ntuilufusnuiigamnd 4 uas 30 ssmwaidoa
Juszezoa 15 lnevihnmsiiuiedimn 9 5 3u

2.2 MTIATITRAUAINAIUNIEAIN

et nlarduniitasiginiald
L* (ArAnuadna), a* (Arpnadudnng) uwag b* (A
aududindes) drewndesind (Miniscan XP plus,
Hunter Lab, USA) LagiiAs1g1inia mmmiul,ﬁa
(firmness) fe3pdinseiiiioduda (CT3 10K,
Brookfielb, USA) Tagldain TA-56 vualduNIY
AUENA1 6 Hadiuns

2.3 nFIATITRRAINAILLAT

MMnseszianudunsa-ang
(pH) f81A3e pH meter (PH100, Extech, USA)
LL@%U’%@Jwmﬂimﬁy’wmiugﬂmmnimLLﬁﬂaﬂmaaéfna&m
(AOAC, 2000) wona Ntz Usuna TCA-
soluble peptides waziAsznIanBUEAITIAN
Aty Inedaseiidum Thiobarbituric acid value

(TBA) #aeweded UV-WINLAB spectrophotometer

(Perkin Elmer, USA) (Riebroy et al.,, 2004) wag
Ansgrmivsuiuasiulealiatedu (Biogenic
amins) RCIGEGE High Performance Liquid
Chromatography (HPLC, CL-10 ADVP, Shimadzu,
Japan) (Kongkiattikajorn, 2015) mimmgmﬁw
15 9l oA tryptamine, putrescine, cadaverine,
histamine ke tyramine
2.4 MTIATIZRAUAINAINYATIING
APTEITNNULUATISENDLIA Way
wupfisefivilvemsnindeluiesns I $auau
Qauvdanun (total plate counts) uuaitiFensa
wénfn (LAB) Pseudomonas sp. Enterobacteriaceae
gaf wags1 m1uIdUes Bacteriological Analytical
Manual (US Food and Drug Administration, 2001)
2.5 nsnagdauneUsTamauNE
NAADUNITHOUTUNINUSEAMAUNE
vsenTsgauTuvesuslnarenminyMEAuAN vl
Using \leduda & ndu wasnisweusulnesanves
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9-point hedonic scale TngAzuLYINAY 9 A WU
mnﬁqm AZLUULYINAU 5 AD LAY 9 LazAZLUWLYINGUY
1 o ladvousnniian
2.6 N1FINUAUNITNAADY LAZILATIZH
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UoyanI8T Analysis of Variance (ANOVA) uag
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RCBD) Imai%’@’maau%uﬁ"ﬂﬂﬁwmu 50 AU U1deyaA
lduniieszianuuanealagldis paired-sample
T-Test fisgduaudedu 95 wWasifud lagld
Wswnsudnsagudmivinsizinanisadf SPSS
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9711 Table 1 wu31 Tuduusnuesnisudn
Uandu Mege Nngan1sveaesiland L¥, a* uay
b* laiupnaneiuegng dddAgyveadd (P > 0.05)
Slowfuine wudh Uanduiifusnvte 2 YANT
NAaY LAMWEIN (L% anasedalidudAgmig
atn (P < 0.05) AaAY9TEELLIaN 15 TU Lagnun
Lﬁaﬂiu 15 Tu ane’l’uﬁﬁu%’ﬂmﬁ”’q 2 YANIINA[DY
faranuaineliunnateiuegalidedAgnieans
(P > 0.05) d@wAanutduduns (@®) AllAanas
Jultlufiemadientu mauane Tagluiud 15
Y99n ALY WU Yandu Miiusnendi 4 e

waldea densarnnuludunsgenin Yandud
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(P > 0.05) wazdlofinrsandanundudvies (b%)
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Aivdeanniign Weiiuinwiasu 15 Yu
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fegsandy ynannismaaosdatauktuile
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Table 1 Changes of physicochemical qualities of Plaa-Som containing Red Hom Mali rice during

storage at 4 and 30 °C for 15 days

Temperature Storage time P - - Firmness
() (Days) (9)
0 74.58+3.94° 1.98+0.10° 15.60+1.94° 15.85+1.21"
5 70.40+0.88° 1.80+0.07" 15.62+1.04" 17.81+1.16°
‘ 10 68.78+0.80° 1.76+0.09" 15.84+0.44° 16.83+1.18"
15 68.11+3.72° 1.66+0.09" 16.41+1.72°  16.00+1.141"
0 74.58+3.94° 1.98+0.10° 15.60+1.94° 15.83+1.21%
5 69.84+1.53" 1.72+0.23" 16.21+1.28" 14.50+1.04°
0 10 70.43+1.44° 1.53+0.09 17.62+0.73" 12.83+1.94¢
15 70.48+0.97° 1.51+0.06° 18.83+0.59° 7.33+1.21°

Means in the same column followed by the same lower case letters are not significantly different (P > 0.05). Each
data point is the average of six replications.

Table 2 Changes of chemical qualities of Plaa-Som containing Red Hom Mali rice during storage

at 4 and 30 °C for 15 days

Temperature Storage time pH Total acidity TCA-soluble peptides TBA
(°O) (Days) (%) (umole tyrosine/g) (mg malonaldehyde/g)
0 4.46+0.11° 2.88+0.18° 6.15+0.28° 12.98+1.15¢
5 4.21+0.01°  3.20+0.10° 7.80+0.41° 14.92+1.03°
¢ 10 4.03+0.04°  3.23+0.06° 7.96+0.25° 15.64+0.52°
15 3.96+0.03°  3.48+0.05° 8.45+0.19° 17.68+0.45°
0 4.46+0.11° 2.88+0.18° 6.15+0.28° 12.98+1.15¢
5 3.98+0.07°  3.62+0.04° 8.33+0.09° 15.98+0.41°
%0 10 3.64+0.08°  3.83+0.07" 9.17+0.21° 18.60+0.67"
15 3.31+0.07°  4.40+0.22° 11.84+0.55° 20.91+1.43

Means in the same column followed by the same lower case letters are not significantly different (P > 0.05). Each

data point is the average of six replications.
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Table 3 Changes of biogenic amines in Plaa-Som containing Red Hom Mali rice during storage at

4 and 30 °C for 15 days

Temperature Storage time

o)

Biogenic amine contents (mg/kg)

(Days) Tryptamine  Putrescine Cadaverine Histamine Tyramine
0 63.18+5.14°  85.02+1.47°  90.64+2.06°  230.88+2.09'  120.00+4.35°
5 65.20£2.02°  86.15+3.24°  9326+139° 239.00+£3.45°  121.47+1.11°
‘ 10 68.19+1.23"  90.18+0.73°  95.42+547% 24574+2.71"  125.62+2.40°
15 73.46+335°  92.40+150°  97.22+0.82°  250.83+2.50°  128.95+1.07°
0 63.18+5.14°  85.02+1.47°  90.64+2.06° 230.88+2.09°  120.00+4.35°
5 70.42+2.84°  94.16+2.40™  97.45+1.79° 24546+1.64°  131.12+2.44°
. 10 78.90+3.10°  99.57+3.03"°  107.78+4.70° 260.11+5.43°  140.03+3.10°
15 88.02+2.73°  104.45+¢2.15° 115.44+330° 287.89+3.08° 151.17+5.81°

Means in the same column followed by the same lower case letters are not significantly different (P > 0.05). Each

data point is the average of six replications.

Table 4 Changes of microbiological qualities of Plaa-Som containing Red Hom Mali rice during storage

at 4 and 30 °C for 15 days

= ; Storage Microbial populations (CFU/g)
emperature .
o) time Total plate Lactic acid Pseudomonas T Yeasts and
(Days) counts bacteria sp. NICrODACIENaceas  Molds
0 3.00£0.87° x 10" 4.10£0.26™ x 10’ <10 <10 <10
5 1.70£0.69° x 10°  3.22+0.43 x 10’ <10 <10 <10
4 10 2.99+0.96" x 10" 3.25£0.54° x 10/ <10 <10 <10
15 6.97+0.69° x 10" 3.30+1.2°1 x 10’ <10 <10 <10
0 3.00£0.87° x 10 4.10+0.26™ x 10’ <10 <10 <10
5 555+2.75" x 10" 6.40+0.70° x 10’ <10 <10 <10
30
10 533+0.72° x 10" 3.58+0.27" x 10’ <10 <10 <10
15 6.55£0.93° x 10" 4.48+0.22° x 10’ <10 <10 <10

Means in the same column followed by the same lower case letters are not significantly different (P > 0.05). Each

data point is the average of six replications.
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Table 2 wanaRanINNIRATvaIUa1dY
mau%’nuaumﬁLLm“Luizwj'mmsLﬁU%’ﬂmﬁqmuﬂuﬁ
4 way 30 ssmwaldua Wusseznar 15 u lay
wuinluuusnueanisiiudne fegretandus
2 YAN1INAaelA pH USinansaenun Ui
TCA-soluble peptides waza1 TBA lLuunnssiu

o |

a8 19ilBdAYNI19adA (P> 0.05) uazdinuin A1 pH
oot Uarduiaanaseg1elded1Agyneas
(P < 0.05) InlannzagnsBsuaduiiiuinuiigamgs
30 pernialid SedenndesTunsiuTuTe Uil
nsAvaviLe dnuUSInas TCA-soluble peptides La
fn TBA fiaisdululufiemaieafiunsiiutuves
Usnansananun dewfiunwasu 15 Su Usana

TCA-soluble peptides wawen TBA luuandy Mivfiu

1Y) -

Snwaaunndl 30 aedwaed dA1uInnINUaNEY

9 Y

9 A o
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Snwnlgaumgdl 30 esmwaiFya
arslulawinudniinsranulundn Saei
Yamdinusevardu fley 5 vlla Usenoaunne
tryptamine, putrescine, cadaverine, histamine Way
tyramine (Riebroy et al., 2004) 310 Table 3 Wu1n
Tuiuusnvein1sndnagnuans tryptamine (63.18
mg/kg), putrescine (85.02 mg/kg), cadaverine
(90.64 mg/kg), histamine (230.88 mg/kg) Wag
tyramine (120.00 mg/ke) luuSinaiiunnsnafu

lngnuans histamine gevign wagidlendinasuszey

[ 1 <@ [ A a
van 15 Fu wudn Maiusnw Mgamgill 30 aam
wagea Insiiuduvesanshuledneiung 5 ¥l
Felvsuranfinduuinnitnisiivinuioungl

4 9smwalud ogelvuud1AgysEda (P < 0.05)
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e, LUATISENIALENAN, Pseudomonas sp.,
Enterobacteriocea sp. Wazdaduaysn (Table 4)
wui lelfiuinwiasu 15 fu aﬁ’wmuqﬁum%‘é‘ﬁmm
wazsuau LAB fUSuaiifisdulunnganismnaes
Toefigunadl 30 ssmwaiBoa iS1uIuqdunie
ngusana 1nfian WelSeuiisuiunisifiuin
ﬁqmwﬁuﬁ 4 parwalisd @2 Pseudomonas sp.,
Enterobacteriocea sp. uazdaduagzsn Sl i
Weendn 10 CFU/g 3N 189u03Atn 391U (2548)
Nnuin msmﬁammaamaqa%ﬁwmsuadﬂmﬁuau
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Table 5 Liking scores of uncooked Plaa-Som containing Red Hom Mali rice stored at 4 and 30 °C

for 15 days
Temp. Liking scores (9-point hedonic scale test)
Q) Appearance Texture Color Odor Overall acceptability
4 7.53+0.50° 7.47+0.50° 7.47+0.50° 7.50+0.50° 7.43+0.56°
30 7.63+0.49° 6.70+0.83°  7.33+0.60°  6.53+0.73" 6.57+0.81°

Means in the same column followed by the same lower case letters are not significantly different (P > 0.05). Each data

point is the average of fifty replications.

Table 6 Liking scores of cooked Plaa-Som containing Red Hom Mali rice stored at 4 and 30 °C for

15 days
Temp. Liking scores (9-point hedonic scale test)
O Appearance Odor Taste Overall acceptability
4 7.47+0.89° 7.43+0.85° 7.47+1.10° 7.57+0.61°
30 6.83+1.10° 6.50+1.04° 6.43+1.04° 6.33+0.49°

Means in the same column followed by the same lower case letters are not significantly different (P > 0.05). Each data

point is the average of fifty replications.
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