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DEVELOPMENT OF KHANOM SOMMANAT SUPPLEMENTED WITH POMELO ALBEDO FIBERS
Janya Thonabut"

Abstract

The purposes of this study were to study the appropriate recipes of Khanom Sommanat,
to evaluate the results of supplementing the products with 0, 1, 3 and 5 percent of pomelo
albedo fibers calculated from the total weight of the mixture and to examine the physical,
chemical and biological properties of the products. It was found that the appropriate recipe was
the 3" recipe, with the highest average scores of the appearances, colors, smells, tastes, textures
and overall preference of 7.50, 7.70, 7.60, 7.80, 7.70 and 7.8 respectively. The ingredients were
ege white (35.5%), grated and roasted coconut (30.54%), sugar (30.48%), lemonade (1.68%) and
cocoa powder (1.80%). The appropriate amounts of the pomelo albedo fibers for the 3 recipe
were studied. It was found that the supplement of the pomelo albedo fibers (5%) had the
average scores of the appearances, colors, smells, tastes, textures and overall preference of
7.33,6.23,6.45,6.93 ,6.93 and 7.47 respectively. By analyzing the physical, chemical and
biological properties, it was found that Khanom Sommamat supplemented with the pomelo
albedo fibers (5%) had the L* a* b* values of 66.29, 9.39 and 13.62. Regarding the chemical
properties, the moisture was measured at 6.03 percent which was lower than that of the original
recipe. The fat content measured at was 27.91 which was lower than that of the original recipe.
The supplement increased the fiber content of Khanom Sommanat for 6.80 percent, ash for
0.83 percent and protein for 3.90 percent. The supplement did not affect the total amount of
microbes, yeasts, and funguses.

Keywords: Product Development, Khanom Sommanat, Pomelo Albedo Fiber

I Lecturer, Culinary Technology and Service Program, Suan Dusit University Lampang Center, Lampang,
e-mail: Janya tho@dusit.ac.th
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findans WandosinihndeifudeuinnisafnUssuin 30 w1 é’?ﬂ@;mmﬁ 10 °C WU vquli
ArufeustszduaTufouiisedy 4-5 vhnsatalutu Wuna 14 $alus doasuimuanatliamn
vaulvirnufeu thiegveananyandurenaian uazndullnsideudinesoenaindiogislutusie
\desszimegaanmihvnfunauiisifodisluiy Wevludeuaufeuiigumnd 80-90° C luian 30
utantuheenangevaufeulilulagaauiuldesiislfaunsesgungiveswinafunauanas
wihrtugampiesudrdaimin visnaulduassesimiinddsansndeiadetu Ty 1-3 fadndy
(W3) fuamnuianaledu 91ngns

USuaumnudu (Seuazvaasiiunin) x 100

y W3-W1
Usnaulasiu Gesazvesimin) = | ————— | X100

w2

3.2.3 nM9IATERUSINaIARaNA (AOAC, 2000)
Humsmuinuansimdennnisundeaiigumgdl 525 - 550 °C Tunuen
il Tnewninenszdeandeulumuanlniihfigamndl 525 - 550 °C (Whitugangiifldimiaeti)
uy 30 wiit ilidululadifmgaduaudu daimdn (W) uadldfogne @riunsidanuiy
waglusfundn) lutenszdonndeu Felalddhminutueutssana 2-3 g (W) diluwnldmunafusiuy
wlwiih (seaulivunans) unsdfishesnafuveanamietuddianailviifegnalusemeursun
water bath Asuthluwvualwihlusnseluausnliihfigund 525 - 550 °C uldidrdv
slBululafiifgadueutu @udildldurlfingeanatnnmn daislilnbundmenti
dntosmerduntu seietlidilwdensadiu dlussmelfuiauy Water bath a1ntuvindiaui
Budun) wagldmindtld (w)
. y (W, -W,)
YSinandianue Gesagvesiwin) = ————— x 100
(Wz - Wl)
3.2.4 MmywaTziUsunanduly (AOAC, 2000)
Junnsdesiegnaneansazatensauazanneldannefidmun uagihdui
waeannisdesluaunazinn 9ntusuamdudimeldndnmsmnteuldnulfilanies

Cooling BathnaUs Power uaz Compressor Wiaunigamiivesul Unfnguungin 15°C solu
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guvgivesiianasmuiidesnts vieuszunn 20-30 uritnaty Pump Litelinndeifudigssun
Condenser 184LA384 Fiber extractorsi1 Crucible #ifif108141d1A304 Fiber extractors 9323190
Crucible Tnsstesinnsdifiegnaliingu 6 fegilinenegdluiumisiaunadu udnandesas
ugn Lilelsi Crucible 1Wensiofu Condenser nvraidamuvisaindvyuddilviogiumis Close vin
msdesiiegnaiensa Tnerese Wunsadaiiiin 1.25% Usuna 150 faddns/fegns Unduuases
Daiades degangiilinnuieudiseiu 7-8 sxtedlifesnaiennnifuly Wesoghaduionlsie
nanit 30 wit Tnenatdy Timedlonsunanadoseiidoaioulsinyuaing Heating lUT OFf 3unses
meagalagnaly Vacuum U%Lamsﬁ'mm%q wagnyuaingdanluagsiumus Vacuum (nsdifegenses
gnlinaty Pressure Uiudnae3es uazmyuaindasliegsiumis Pressure iiglvishegianszany
sdlensesnsmeanvuaudalvidnsiiedieieinfeu andurhnisnses ¥hen Ussanm 3 o
donsagnafens Inewislnieulensonlesd 1.25% U3uin 150 Sadans/fegns andusiuniiou
nstosdiogadienn deiregreieinduiigungiviesdn 1 afednasegnadie Acetone USuu
25 fiadans 8n 3 ASelafisu (Holder) Whiudade Crucible Yaupas Fiber extractors uay Cooling
bathth crucible senandaLades ilueuiioumgil 100-105°C utu 2 F9laa viliiuly Desecrater
Fadrmin (W) 1 Crucible Tuwsnilgamgi 500°C wiu 2 Hluwvdesuniieganaedudidum
viedumdshmiin (W)
Uinaudulesioun Gevazvoninin) = (W, — W) x 100
(W)

3.2.5 N15AsIEIUSualUsAY (AOAC, 2000)

Tagvinisuadegnaliduns ndudaimindegiassana 0.2:0.3 niu
ussgastuuiunedefunveudurladefiyn Tneiularslifadunnduuasiudniesagnszdngeds
Lﬁaﬂmﬁ’umiqﬁgLﬁa&hasmiijmim%mﬁ’ga&mﬁuﬁﬂfmﬁﬂéhashwwﬁwamuqum'%lm
14319 Nitrogen/Protein Determination Combustion navyl Start diednvesdmsulariegnadily
Tunsinses ladedreadly antunetu Start 3nads liieisumsieszimunalulasiauosas
vosimindegsuiinUinalulasaulesassesmiingegeitinseild uasindoyaiililuga
5.95 FuduuinmesdmiumuSinaulusiuiesasvoniminlusegouds

3.2.6 NM15AAszIiUsuIumsiulamsa (AOAC, 2000)

mamUsunamsiulewmsailuiosas Tnon1sauinein gas 100 audienasiy
voainndenazrasutu (nFeuh) Tsiu luifu ly wasidn

% A1slulainsn = 100 — (%6AWAY + %6lusty + %lUsAu + %udully + %)

3.3 AMATNNIREUNTY

v
a N o

amiwvwﬂimmaaum&mmm (Total Plate Counts) wagUSunudan wazsn (Yeast
and Mold Counts) (BAM, 2002)

3.3.1 mi’aLﬂiﬂwwﬂiuﬁmaauw%éﬁawum (BAM, 2002) lagningiegng 25 Nadans haty
09 stomacher Ifvansazany Peptone water fogay 0.1 §1uau 225 nfu thiduadesitu Stomacher
WU 1-2 Wil WeaomslaeUilein 1 fadans ldlunasavnaes Peptone water Usinal 9 fiadans
Mnsideasseauldseiuanudiduiiinzaudiunansasarsenmsiiseiuauieasfivnsan
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$1u 3 sedvanududuiifnfud g 1 Sadaes ldunumnsdememaisade PCA gumnd 4d-
a6 pemneaLdea Uszanal 12-15 fiadans ldlunumsdeudiBeslinsznehnumsdeudesl
ownsfuudein whahaumedslugmanaiin diluvsluguugamnd 35-37 ssaisaidea 1unan
48+3 Hilus Tudrwaleladanauifisuauleladgsening 25-250 Talail Auda cfu/s wie cfu/ml
¥939 W3 Marunmisgnsseluil
CFU/g = 5C
(vin1+0.1nz ) d

3.3.2 MaiTehideBad uaze (BAM, 2002) Tasdsiaeeng 25 ndu Talugaivy
\uansazaney Peptone water avuidudu  Sewar 0.1 $1usu 225 nfu tidiadesivuuiu 1 Wi
dwmiuiegrsemsiiuvesmarlidanedsemsldaduasazareiiieiieandlaonsainienis
9WNTLUATAZANY Peptone water ANULTNTUSYaY 0.1 iaanay 9 Haddns uldszAauAUTDa
Amnzanlitivnvunn 1 fiaddns gransazargemsiisefuanuieansiimngansiuiu 3 sedu
aududuiiiatu $1uau 1 faddns Tdluaumsde Taevi Duplicate iuewnsidoade PDA TSy
pH 1u 3.5 fensamivnin aangll 44-46 asrwallva Ussana 15-20 faddns Tdlunumeide
wehlfasazarsemsnazaneih Mumsde Yaesliewnsiuudety Uiluduugungii 25-30
osrnigaldua wu 72 = 3 Ml dudnnulaladanawiddualeladgseing 15-150lalatl Ao
A1 cfu/g THnngaaifieatumemusanagdurisnmun

nsAssideyanieata

Aadrsnsnaasaildiina1nnsiinsed 3 91 Tagansununiamaasauuuduanysal
(Completely randomized design, CRD) #915UN15NARUNNUTEENEUNEINUNUNTNARDILUUEY
ufionauysnl (Randomized complete block design, RCBD) B gtimaunUsusiuresdoyasie
3% Analysis of variance (ANOVA) wagw3suiiisuaiadesieds Duncan’s new multiple range test
(DMRT) fiszdiueuidesiuiesas 95 Ineldlusunsudnuiagy 1BM SPSS Statistics d1315u Window

NaN15IBUATAUTIINA

1. msAnwgasisuiimanzasluntsuanvuslaus

n@nnsal nsssur (2537) f3uil 1 90 Assn Asen (2561) MFul 2 910 LM
viynud (2550) f3uil 3 denunwaUszamduia uandunsedl 2 mavaseunsUTza MU
vosuAnSnsimunlautaduinuaesusng & ndu saud Weduda wararuveulnesin wut gasiiy
W3 gns finsunumnureUmMeUsEamauiats 6 fu HanuuanasiuegNldedAyNNana il
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M19199 2 AzuuuAveuluwiarAnaN s sTaAUlavasga s Suvullaua

AZUUUAIUYDY gasiFuruulauda
gasil 1 gasn 2 gasi 3
anvazUsng 6.70+1.16™ 5.60+1.89" 7.50+.85°
a 6.70+1.16™ 6.00+1.56" 7.70+.48°
nau 7.00.67 6.60+1.17° 7.60+.70°
AR 6.40+.84° 6.70+0.89% 7.80+.92°
iledura 6.20+1.14° 6.20+1.87° 7.70+.82°
ANNTOUlATIM 6.40+.84° 6.50+1.01° 7.80+1.03"
Ve AadsANTAUUINATEIY, (AU = 9)
fMonws °° uansmuuanasiuegadided Ay saia

NAN57 2 WUt AUNMAUANBEUIING (Appearance) WUl Yuslautiadinuuwansing
Mgl Anyneadia (p<.05) Inenwudn vuslauda gas 3 TA1ALLULAINYTIUNRIUAMAN YL
Usingaefian Jawandiiiuindiunaniléinadodnvuzdsing Instamglduilugnsdfud 3
fidunanvedldamiligainingnidug dednvazresmadldrnifntuliureuinsdaunsiaiuogad
FslivnusnanazlindunassaviAiianizuindniamind weldulauanufou Tau1nazyinls
wﬁmﬁm%ﬁuﬁmms%mj (Foaming and leavening)%uﬁm (INEUN LI wAzRTOUIA TeIna, 2541)
Hatlgmasi3ui 3 ludunaudumaildanmnningnsdu Jallellnayduuasletayiu Fadulusiu
Tuldvniivhmidlunstuglusiinamnn 3ehlidasuriinmesiannnigassuse uenaintu
nsgvIuMIHARTRIgRI3UT 3 Snmilivnduimaunilituy Fainiaastielivesiiiatug
Arwnsinaiiiodudationdendnde atimadanindenldlivalunshouslaudai 3 gns
msfoamgiivinfugumgiivies fssdliAnduresldionilsvniiiuludidu wszfigungialy
y1ragfieumiaroudisgs warlunszurunisviudedldfltunsuudae mazliunsagludans
nstusesliens Tudunmaindiud (Colon wuiwunlauifais 3 gas dauunndrafuogied
WodAym19ads (p<.05) Ingnudnvudlauda gas 3 :ﬁﬁi’mzLLuumwmawwﬁmﬁqaﬁqmLLamdw
dunan TldTnadenmaminudvesuslaua Taogesi 3 fnsliimansglusiinaddesninges
Su° (30.48%) Fudulsinaiivanzay Suhlfddenuenvesulauladafiang venanilinisldns
TnlAdugunasluuSinasnnnitgnsmiudu 9 14 (1.80%) eviliAnddnsedwhliuslnageusu
fugnamiuiiinniian fetndnlfusznevdeautu unuiy uewlslesdy uwls mdlulawnsndu «
lagiu ansUsznavlulasiauazudsindae uenandudstuiuuiamesldurludiuwanildunnn
gns  du q Fadlelivnlaunnuieunnseu isuilavdaifduiivensudnde lusunmain
Frunau (Smell) wuiunlauans 3 405 danuuanaeiuegaitedAgn1eada (p<.05) lngnuin
yunlanida gas 3 feazuuumiureumaiunaugsiigniuanstisiuinmslddunauveasniyn
aniitiunans (30.54%) amadenzuuuaureusunauresuslautaniian feilunswdndans
Tinauagannuansyiin nslluseulunisdusniashliueniniliduinndueumusssuyi
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Jude mwwsnwmauaﬂmm giroiandedudalundntusiuds Sadanlindusadndae il
93AUTY ﬂaumammauuau“wmwuﬂuwuﬁ Arwsauunuaranmznaaigiuln Taswougnimun
Usznaude anuiu Tsau Tusiu ansTulewmss nnlowasidn TuuSinadesas 46,3, 4.08, 373, 11.3,
3.4 wag 1.03 M1ud1eu (Onwudike, 1996) TudruaunInaIusawid (Flavor) wuin yuslaniTasns
3 gns dauuandaiuegeilded Ay neais (p<.05) Ingnudvunlauda ans 3 daAzuuy
ANLTBUNIFUTAYIAGaTIgn ﬁnLLamqiﬁLﬁudwdauwausuamf’lmamw817'i1ﬁﬂ’smwmuudﬁuuﬂauﬁaﬁ
uwanssfuiinasesaviAvesuunlanda laognsdiiud 3 umﬂﬁumm anseditesiian (30.48%)
wansdauilnadosmsauvmuiivangay uazauamiudoduia (Texture) wuth vuslanadis
3gne ummLmﬂmdﬂuamwuammgmmm (p<.05) ) Tngnuarvunlauda gns 3 HArAzuuu
arugaunsduieduiagefigaiilugnstudifuinislfldrnddsrniauantilunsiaes
TUsfuazasedunsgidiauandidavguld Weldfuaudoulusiuimunazdumiuduresifi
911 91TITuN waznssgUegldludnvasdulnssenmadn q (Fuves duduan, 2538) fuilan
Jerouthaveugnssudfugnsit 3 ifimslilivnuniigareosas 355 Tusunuamiuauvey
Tngsaul (Overall) wusrvusilauaiia 3 gns danuunnensiuegadidydAyneada (p<.05) lngwui
yunlanida gas 3 feazuuumiuveulnenugsiigauansindrunaslumsvhuusilaniaiszneuse
9917 wendnngarada thamansis tagun wdnlf wasinde sufedunounisude dnaronmam
Fruaruvoulasuvesualantalnegnsd 3 dudugasiifinsliinaludunautioniign Jamny
ﬁw@ﬁ%’ﬂqmmw %qdqmaiﬁﬂmuuiunﬂS]éhuﬁLLmIﬁmﬁqnﬂiwqmifﬁuﬁﬁuﬁluﬂimaﬁd’mmamaal‘dm’s
(35.5%) 1EWE1YAU1IE (30.50%) tmnans1e (30.48%) 1uzu1 (1.68%) wazwalnli (1.80%)
Fauifodengnsd 3 FlFSuazuLuATITUALE VMU ST A MALTATS 6 FugefigniinlUAnu
nousialy

2. wavesnasiasuleainisannliendulalundadusivunlaudadanuainnig
Useamauns

Tunsuanvunlaudalaenlsusunanisasuleamisandendulelulsunusesay 0, 1,3
wae 5 Yaunutinmue

M19199 3 AziuurueululsarAnENvuen e mdniaveuilandaasuluatmsanidien

dulo
yunlautis
AZLUUAIUYDU GE G weisuley weisule GEEE
wWaendule wWasndule wWasndule wWaendule
(398az 0) (ovaz 1) (5ovaz 3) (5ovaz 5)
anwarlsng 6.37+1.05° 6.13+1.43° 6.31+1.09° 7.33+1.18°
&0 6.27+1.24 6.33+1.37 6.15+1.27 6.23+1.37
ﬂau(”s 6.77+1.28 6.87+1.25 6.94+1.01 6.45+1.10

samA "™ 6.90+1.19 6.53+1.52 6.66+1.10 6.93+1.16
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M19199 3 AzluurueululdarAEnvagn A mdniaveullandaasuluatmsaniien

dulo (sio)
Junlautis
AZLUUAUYDU wesule wesule wesule sl
wWaendule wWasndule wWaendule wWaendule
(5owaz 0) (5owaz 1) (5owaz 3) (5owaz 5)
leduia™ 6.93+1.02 6.80+1.35 6.90+1.11 6.93+1.19
AMUYaUlnYTI 7.27+1.13° 6.98+1.49" 6.70+1.20° 7.47+0.88°

VB AaReATBAULNIATE LA LULEAY = 9)
fMonws °° uansrnuuanansiueegidedAeynsana
Monws™ uansmnliuanasiuegsilidud Ay nieada

911915799 3 WU Auasud (Color) AaIANFIUNAL (Smell) ks ANATHALTAYA
(Flavor) A méuioduia (Texture) nud1 vuslaudaiaialoidendulodosar 01 3 uay 5 aid
ANLANANAUBENHTE1 ARy M9anaA (p>.05) Mioraitunanndunauildlunsisnitludunes
msvruilaviadiine Snainfiseinmafedimailndifesiu msglunszuiunsousum
Tautfafigamaifliindoutu dwalvindulazsanvesvunideuly Inewdeululudnuwasilndifes
fu Failidnuasnssramdudadenanliunneiu damaadiloomnsnnivdenduloddlaiing
AoRMaNYENIIUsEAMANRaAINa 1M diuluiununiniuanuazysIng (Appearance) Wuin
vunlandaasulodondulodanuuanansiusgsided 1Ay neads (p<.05) Inewuan suulauila
iesulowFonduletevas 5 ImazuuumuveumMwuRudnvArUINgaeiian uansliiiuinnisiiy
loemsnndendulelutnadivnzavdmalivunlauiaiiosas 5 fazuuuanuvouiigaian
fednuwazresulauiailifanutuy nansuwaniun Snideiinnuneuvessnimduarloiondy
Tofaduadlde welulowdendulefiasnguusniiuneussimsaging fsaeandostuaidoves
naway &MY uazay (2560) fnaninsliviinaloemsasusiinainzauiinalivuutey
nseuiilddanuasiufutulifdnuas suauiuly Tubuauaimduauseulaesiy (Overal)
wul sunlandaasuloidonduloianuunnaneiueg1eiitedAgyneada (p<.05) lngwuatvuy
Tewtaadalowdondulodosas 0 uay 5 Teazuuurureulnesiugeiian fednsaduloommsan
wWaenduleaslundnusiuoninazdreiiuyarliiunan s Seelindnsusiiudamuaimg
Tnsunnsfigeiu siloemstuasdisnuauseduima heanseduluiluden sufedaeiia
addumuliiuiuneldfe dufufideladenvulautaniulondondulefisosay 5 Aifliazuuu
mNuveUudnuNzUIINg wazauveulnTuuwltunndige thluAnwiaunimmsnenin el
wazadiivesiely
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3. HAVDIAUAINNIINIEAIN AT wazyadldnervasnanduanvualandaaiule
wWaenulodsil

Tnsthuuuladaafilowdendulefifosas 5 Adadonanaoudl 2 thundinszinmuninma
Mo el wazqadainended

M990 4 AUAMNIENUNMEAN LAl UazIaTIInewewullanlalaslodenduleyuTinuiesay 0
uway Souaz 5

ANARNIN vunlaudaety  vunlaudaEsy
Towadendule  lewdenduls
(398az 0) (3ovaz 5)
ABATNVNSNIBAN fnd L 67.58+1.08 66.29+0.78
ANE a* 8.99+0.41 9.39+0.75
Ad b* 13.09+0.39 13.62+1.08
AMNNNIALAS] USanaumu (%) 6.42+0.92 6.03+0.78
Usuneulasiu (%) 28.59+0.55 27.91+0.22
Usunaulusau (%) 3.41+0.02 3.90+0.01
Usmnauduly (%) 4.59+0.85 6.80+0.56
Usuaudn (%) 0.82+0.06 0.83+0.06
Ysuaumsiulawsn (%) 43.83+0.41 45.47+0.39
AuNWINgaTIAnen  USinaRAuneviavan(CFU/Q) <10 <10
USunaubadiuazsi (CFU/g) <10 <10

anewwe < 10 maneds Linun1siesauestoqduvsduuueImsiteie

NPT 4 maMTIATIEiRun I e svunlaalaeiUSeuTieuisduTesas 0
wae 5 voshudniavun wuin sulauiadosas 0 SAnE L* winfu 67.58+1.08 a* Wiy 8.99+0.41
b* Wiy 13.09+0.39 dauvuslaudaasuloidendulefisysusovay 5 5 A8 L* Wity 66.29+0.78
a* WU 9.39+0.75b* Witfu 13.62+1.08 Fsaiiiuinnisiasuloemnsandendulefiuiuiedes
ay 5 fuualiuiiviildaauainwesvuslautiaanas Aaunaiuty wasdmdeudiuty (@ a* ey
UIN (+) wARsEIAAnnT uazan b* fanduuin (+) uansdarndindes) Weawn luvasinaudondy
Touardunaudugifiosdusznouvedliom uewdnyaund thaanse dusum uazndalf (e
5uenudeulusswiunisey dunausdAdutu aunmmaainuh Vinaestulususilauda
wiuloomsanidendulefidesas 5 fuurlduananvinfu 6.03+0.78 3eluiflaanudssdonis
Lﬁ]’%z:ytﬁuimml,%aaﬁw%é LLawu'a85ﬂm54miLﬁu%fﬂwwmmﬁmﬁmﬂﬁmwﬁu ilosnusinannuiy

'
a

nnazaIusaannseduginsiauisealivaznisiasyvesgdunsdls Snvaduleomstulaiinis
9111 (Water holding capacity) duleo1misilesausenoutdulnausnailsadslnauennilsmiy

q

lutanafiveuln (Hydrophilic) iilesaniinglansendadasziduduiuuin Feanuisaadeiuse
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Talasiaufuin Lﬁﬂﬂ@ﬂﬁﬁ%‘ﬁﬁﬂ%sawﬁwLLaxhiasmaﬁﬁﬂmmmé:uﬁﬂﬁ (Spiller, 2001)
anuannsalunsduimesduloomstuegfussiusenoumanilnssaing wassuneymnvesdu
Tvornsdednitatdondulefianuduihunvemylensendadassiiusiuiuunn Ssaunsoat
ftusglelouauiuinld Teaenndestuauidoves us1su Jannuu (2559) fiflinannuduresnni
weanesuleomnsndalavesdulowindu 633 + 0.11 udsunaluiuluvunlandaesulooms
Mndendulofesas 5 Tuwiliuanas iy 27.91+0.22 FsaanisiinUjisenoendiadures
wan Sl sutTinalusiu 1 wazmslulawmsaluulaudaaiiloemsanidendiuleifesas
5 fuwaltfndut whify 3.90£0.01 , 0.83£0.06 way 45.47+0.39 Auddy Tiiiiesnasdsznay
dlngrenddenduleluloemsuazailulawmsndiulag snvtedailoduiidoudredgae
Fuinadulenvinulantaesuleomnsnnivdendulofisosay 5 duwltuiuiu wihty fevay
6.80+0.56 Jsaenndeaiunuiduues navay dmnu wazan (2560) Inewuiduloenslundndasi
yundseunsoviiinsliivdendulonsiiaiasuloems ifesas 3.92 uenanduainamuiseves
Larrauri (1999) wuin iduleemsanfivmszgaduiderninduloemsansaii iesaniiviunw
dlsonsiamun dulsemsfiazats anuanansalunisduth uastsu uaganuanusalums
gndesludildaandt fedsdiuimnansalnin uazuaaoimande uenanduduloemslddaiu
ansemsilalindsnu uiifuiusslovidogunim falu Functional food Huszlevtidogunim
wannuaneofiiiy 1undluledin (Prebiotic) asluifluidon anthaaluden destunafinusgeld
Hostunaifelsaiila suiadehenmuguihmingalddnde

AuNINMRAUNIdresualandaasuleownsnnldendule wuin nisasulee misain
Waendulefiseiudosay 0 waz 5 veshmdnitovun laifinadenanmmeqdurieiaiinuqdunie
savun wavUinaiad uasa esnidendulefiasuasluruslauiaiusinmuaudusoudisi
Fldidsenmsvuideurondegdunid uandlifuisinaqdurieinylunanSusidundsiumuan
AT KAN ST

AN 1 v lausa
A vunlaudaasulowdandulouSuusaay 0, B vunlaudaasuloiudondulaUsunnusesay 5

GRLY

gnssusiuimnzaudmiulunsiwansusivunlaudafognsiiui 3 Inefldiunauvadls
17 (35.5%) 1gWE1gauTIRa (30.509%) thmmanste (30.48%) thazum (1.68%) wagnslnld (1.80%)
uariinszurunisnande vnldynduiniemdlituy dsduneudenmasunsndiluseninglusi

waenuthugninyavnalivdewen antuiuensm wazndnlildadluldvnfauyay
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waqlidriulddiazun dudieu 350 esmvisuled auanvdomey Waiuanldnazsians
veneianehnuaRgavguldidognanuiou Wikukmuaas suiiuudesiifuermealy il
Tnssadrsvosmunlaniatuy nas wn fasuuuofensssamduiadudnuasysng & ndu sava
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EFFECTS OF SUPPLEMENTING YEAST AND YEAST PRODUCTS AS FEED ADDITIVES IN
LAYER DIETS ON PRODUCTIVE PERFORMANCE AND EGG QUALITY TRAITS

Srinoy Chumkam" Orapint Jintasaporn®

Abstract

Yeast and yeast products are rich in nutrients and nutraceuticals. They can be used in
improving egg production and egg quality as a consequence. The aim of this study was to
investigate the effect of supplementing yeast and yeast products as feed additives in layer diets
on performance and egg traits. A total of 250 commercial laying hens, aged 32 weeks, were
randomly distributed in completely randomized design. The hens were distributed into 5
treatments. The experimental treatments were basal diets, basal diets supplemented with
5.0% whole cell yeast, basal diets supplemented with 2.0% autolyzed yeast, basal diets
supplemented with 0.25 % nucleotide, and basal diets supplemented with 0.05% beta-glucan.
The treatments lasted for 8 weeks. The resulted showed that those supplemented with whole
cell yeast increased most of the egg weight (p<0.05) during 36-37, 38-39 and 32-39 weeks old.
The feed intake of layer in treatments of whole cell yeast and nucleotide supplementation was
significantly higher (p<0.05) than other treatments during 34-35 weeks old. The better (p<0.05)
feed efficiency ratio was founded in those fed with whole cell yeast during 36-37 weeks old,
which was 5.94 % lower than that of the control group. . This value tended to be better than
the other treatments (p=0.081) during 38-39 weeks old. Nucleotide supplementation
significantly exhibited the highest value (p<0.05) of Haugh unit score and albumen hight during
34-35, 36-37, 38-39 and 32-39 weeks old. Supplementing yeast and nucleotide contributed to
a larger egg size compared to those without supplementation (p<0.05). Supplementing the diets
with whole cell yeast was beneficial for increasing egg weight and improving feed conversion
ratio. Supplementing nucleotide in laying diet improving albumen quality. Supplementing both

whole cell yeast and nucleotide in layer diet increased the number of larged-size eggs.

Keywords: Egg quality, Yeast products, Yeast, Egg performance
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gnamnssumaedlilivessunalneisnmnisueedufisdunnd Wl we. 2562 S
wilAlgUsena 49.5 drui Snandale 14,996 Sruesmazlud we. 2563 srwunallnlgavfiadu
50 &1usn fwandsle 15,148 umles nandnildifeunmmeldifionsuslaanslulssme il
\esanlafinuamadavuinsguazfuumasemsiusiudifisngn Taolul wa. 2556 80
nsuilnaldlivesaulnsagi 204 sles/au/Ad) uasifintudy 221 vedlud w.a. 2562 (nowduaiuuay
fimuUadng, 2563) fesnsinsnisuslaaiidiniu uaznslianuddgiunisuslanemsiile
GUAM uumansiiunandnuazaunmliiioannismndsuessuazansiadl fonisideningdu
onsdaififinunndniensldmaaiuiifinuantBdaaiilidn M sasgdulaia Tguainuduss
wagdunlsaldd ileannisldasufFuy Jadudeidni

B ugdunsdusznousmensnezdluulng anslulewnsn nsndirdda wuleduazlauvenes
(Hassan, 2011) waddasdlaannisvsin iusiu a5% lusu 2.4% 1Hele 1.7% dnseeziluiisniy
Tn&iAsiunindandes uenanintuvadvesdaidssznaufenguau wniluledlnugaailsd (MOS)
fefnmautinsziunlifumuresdnd davrinmsigreadelseluszuumaiuemslasainsady
fulusAuiiRandavadvesiuaiiGedinelviAnlsn (giy duls, 2559) sennaniadnanmslidadidu
osfUsneuiaduluonmsdniiditnmamisomstazamuamandslasumans (Nutraceuticals)
faduaznanfamiondainldluensdnifinansgunuuldun wadfad ifdin (Active yeast) aglfifle
\JuansiesuTaue waddadiiane (nactive yeast) T duunadusfiusaign Badwadunn (Autolyzed
yeast) L JuLwadBaniigndesaaisisiouleildiiuanaiugdduiulsn Badainvonndeiily
gnamnssunuasaunsaliiluemsdadld insedlusfuluesduszsnou 27-29% (Ali, 2004) uay
fadanveandofitanlssnugaamnssuthanasilusiu 30% (Sharif et al, 2012) finsnowiludl
319U (Rameshwari & Karthikeyan, 2005) fhaalelng (Nucleotide) \uansannaindadaindiuves
lalananaduiiusznoudeiandlelnduaznsnesfiluinlfifuarsaduemsdniifinunmgaiie
nszfunfiduiunazfinrmanysaiveswisdldidnlaefiunnugewediala (Wu et al, 2018)  wifs
waddadiduamsatmandadiamzdniifuniuged Usznousousuuuledlnuennilsd i
nguaw (Beta-glucane) uazvizalalodlnuaanlsd InauaudRlunsnszdugiuiy wazawsaduansws
lulofasaiuisfinuidoannslifadlunisdaaiuninasguesiald ieTnguszasdfiuansstu
Zhang et al. (2020) nui mMswasuwasdsasfiadisluomisiieduasiasuduglusedu 3.0 nfu/
Alan3u shlssasnslaiintu 13.0-13.5% dndnlddiuiy 11.2-13.6% Ysanaemnsinuhwdnld
1 Alan3y. anas 9.3-11.0% ludUasidi 5, 6, 7 uas 8 fuaqmimaamﬁéLﬁ&JUﬁ'UﬂajumU@u (p<0.05)
wanaun nlliunnsinaiu (p>0.05) yenniguiumsieuresevleilaluvdudu (Chymotrypsin)
wazueanezluiad (Ql-amylase) 54.8-62.5% LLazLﬁummauyia}uamﬁﬂﬁﬂé’ NANIINAADIAINGT?
Tnudaiu Hameed et al. (2019) faSaluewnsuslliiiony 40-50 dUawidisesu 0.29% vilsiudnle
N ﬁlmﬁﬂiﬁjmaLLazmaaﬂgﬁmqqﬂdmdmmmm (p<0.05) wimnuvudenlvanasmuszdudand
Winguluemns (p<0.05) Hashmi et al. (2006) WuinUSnaemsiinu Yo fifiuuazdssansam
nslformavedinidofldsuiadias 1 % luswnsliumndsanngueuay ikdosnsydiures
nMsiaduBaiidvinliiusinausuuuledlnusanilsdfidin dunaiaiuindlelndluomsasiin
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T dugiiduiuvesgnlaldfutatufistufseduiiansadulsaldidninguitliaiuiondlolng
1 &Unn9t (Wu et al,, 2018) ausias teusiile uazgvaned g3uenadass (2559) suansainainui
wadBadluennsansiisedusneg wudl Usinae sy nsnsia3aduln uazUseansninnisld
omsliluanseiu (p>0.05) Gsaenndosfugassdl uauniqu uazaney (2555) Mlasuasaradad
srufvduyduluemnsfedunilulefanuilifinaseusunuemsiidu nandnld Snsnisivaey
ol dulinazsziuinasuladadlodludsuveslilifiony 36 #Uasi us Ding et al. (2019)
waz Park et al. (2008) WuIMSLETULUAINGLANIINTAMINlERTINTRTEYAUL Useansannisld
0113 uazAuLusweadonlufiutu amugmedialafiniy dualugadurieniduuslonivay
nsugiaumu. viliauisoannislidansujtugluemsdnila
frfunaasuBaduazninfasinnfasiafuunmmidumaiunendauazamniwande
mndnd  ielildnananiinouaussarudesnmsvesiuilan meiduedsil Tl inguszasdiiiofinu
nsliaduasndnsninndadfainuaudivomadulsslonirednfmeiulunadedlils

IUILEIAYaINITITY
Wiefinwnan1seRudaduasnansiaianndadluomnsiiluseaussanwmsndnuasnuninly

WatunIY

WHUNTTNARDY

TaukuMIRaesUUdNanysal Tnefinduvnaesdisdl 1) nduensund 2) nguewnsUnd
weiSnadgan (inactive whole cell yeast) 5% 3) nguewnsunfiasudadiivadunn 2% 4) ndue1ms
Unfiaduiiaedlelng 0.25% uas 5) nguownsUnfaiuiinguau 0.05% Balunisvaaesiidudasd
mnlssugeamnssathaa Aflusiu 31.00% luifu 4.00% Bels 020% uwazidn18.00% T
1ATIEINLTT AOAC (2000)

dninaasiuazn1sianis

THusllilvgnuaumisnsiiuglstuusififieny 32 dUami duusilidiuau 250 # uvadu
5 naw nduaz 5 9 91y 10 i nasedlulsadeullifidussunia muquqmwgﬁimamss:ﬁma“umﬁw
(Evaporative cooling system) ﬁqmmﬁ 28+1 pernwaidea lnldsuthuazemsegradiud Mewnsla
TvdnFamensdnfiifiusiu 17.52% lufu 3.44% 1Bele 7.53% uazidh 9.56% lagAiseviniuis
AOAC (2000)

nsiiudayauan1sInTIz

szeznalunIaaed 8 dUami wusnsiivfeyamudnengudlidu 4 939 9y 14 Tu
\RudeyauinaemnsituntsengilemuBnaemsifusedy uazUszdvamnislienns v
foyasruanly dndnls uazdpunalanniu omdnmnisliteusiliidin dwinluiads Wesidus
luwstasmun Tufugrievonsiastuey ulisou 3 vieswemndn Wemamamily Taemeaa
s nzvadly (Pesti et al, 2005) donsassltlutiinde AANTTIINEANTY 11U 12 Seiu
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1N 1.060 f9 1.104 lasusiazsziusiAninety 0,004 ieUsziiuaunimidenly weigengin
(Haugh unit) (Roush, 1981) "’memwm"mLLasmmqﬂ"lﬂJLLmLﬁamﬁﬁuﬁlﬁdLLm TndluunsiiennAgud
(Yolk color fan) Aflmazuuy 1-15 Faiwinlduns dwinlden dmdndents Weweddusives
drutsznauls Sannamunddents 3 sums fiusanansls duthu wassuuadleeldlalasives
AnsuTnAurUIRIlA

YamerianeuuUsUsIU (Analysis of variance, ANOVA) wazilSeuidisuaadese3s Duncan’s
New Multiple Range Test (DMRT) lagldlusunsumauianes

Nan133IvBuazafUTIENa
FUTIANINNTHER
NANT99 1 nud sesinstaveswailiieny 32-33 dlanilunguiliaiuwadganiingeiign

q
=

(97.53%) unnsnsannaudustnasiuddyynaaia (p<0.05) waziiony 36-37 damifiuunltudioss
Snansldgeniingudu 1 (p=0.096) Futiuinlafleny 36-37, 38-39 uax 32-39 dUaAlunguillazu
wadsasimiin (58.50, 59.03 waw 58.39 NSuAUEIU) wnnINgudu 9 uannsegnadidudidgma
A (p<0.05) usldunndsannguilldsuemsiaiuiiandlolng lnefldmidnldunninguaiugy
2.38, 2.50 Uay 2.6% fleny 36-37, 38-39 waw32-39 danvi mudisy Tunduiiléfuisadfaduazngs
Alssuianalelnd wuih UTinemsiinusieTusnnninngudu 4 (p<0.05) flony 34-35 dawi s
iumnsnsfungumunuuaznauilésudadisadunn uaziivszavsnmnsldemsaigalunguildu
wadfadieny 36-37 dUawilagldomns 1.90 Alandudenislilathvein 1 Alanfu Fehningy
muAL 5.94% uiliupnssfunguildsudadivadunnuazianalelng wazilony 38-39 dUanii
fuunliiy (p=0.081) Fuvszansamnsldomsiniingudu 9 wililewnwadtadusznoudne
fwadialusiu lusfu wazansemnsdu q wesniusadfaddaiuasgauay wululedlnuganlsd
wazlafiu Faduuvadusfiunasdnaandilunisnszduagdidumiu Al (2004) 51891171 Badainues
widodislugraminssuinumsaedlusiiu 27-29% uay Sharif et al. (2012) nud1 Basanveamieiisnn
Tssnugpamnssmanzilusiutssanu 30% dnsesilufisniu uaaiou vioaveda nquauuay
wunuu Wudu (Rameshwari & Karthikeyan, 2005) nguau wazwuululedlnuganilsd dauauds
nszdugiiuniuresdnd dnrnensieigresdelsalussuumaiuemslaganunsaduiulusiu
vl awadiindendninsedunisvatansiilitosiunasidauueiisefineliAnlse (gvie
Auls, 2559) T UTUUTANTINNINNITHEALAZYTAUMIUTDITINY duaSuimunsveadodey
wiwioszuumaiumela wesndulemaiuemainaliarugeedialadiutu dmaliszansam
nsgafuresoImMsity uenanidduaiumafiuiugdundsfiiudsslesiioilfaunmues
izuumuaummﬁ&aﬁu (Zhang et al., 2020; Wu et al,, 2018; Ding et al., 2019 wag Park et al,,
2008) nauildsvemaaiuwadiadlumnnaesdaisnsnsligeuardminlnifintu uasifilunn
P8 gaUNUANIUANA e TiTd Ay Rausieny 36-37 dUai wagUsrAndamnisliensid
winluagdninngudu 9 wuiu Jsaenadestu Firman et al. (2013) wuldsisiieny 18 dUn9i
Alasuommsasuwaaas (nactive) isysu 0.062%, 0.125% uaz 0.25% SlUszansnmmsldonns
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AndinguaruAy lulinnuuanstswensiasudadigaduan 2% lun1snaasiunguatuay wuaw
losnUsinaiiaSuldiisanesianisnse muﬂumummwﬂ‘wamiﬂmwmimammm Fataudla
fiu Bolacali & Irak (2017) ‘W‘UﬂﬁLﬁillEJ?{G]lejaaLLmﬂiua’MﬁUﬂﬂiu‘Wﬂwiuﬂ‘U 2% ViliuszansaInng
1%9ﬂ‘1/1'13LLamJ'%mmmmiﬁﬁuﬁﬂdmajusu 9 og1litydAgyYNI9Ena

15197 1 9msnsha dudnly USunaenmnsnnu wazUseansninnisidenisg

ANIININ 21Y) NAUNAADY p-
msnanly  (FUan) value
1 2 3 4 5
dms1nsla 32-33 94.35" 97.53° 93,53 94.39° 9565  0.039
(%) +2.10 +1.05 +3.24 +1.38 +1.29
34-35 91.57 93.00 94.29 93.16 92.43  0.435
+3.62 +1.17 +1.68 +2.53 +1.20
36-37 91.00 94.71 93.14 91.25 90.43  0.096
+3.87 +2.40 +1.20 +2.68 +2.29
38-39 89.14 93.86 92.14 90.94 88.86  0.271
+4.47 +2.06 +1.96 +4.86 +5.17
32-39 91.52 94.78 93.28 92.44 91.84  0.106
+3.18 +1.29 +1.17 +2.13 +1.32
vhoinls 32-33 56.38 57.78 56.49 57.20 56.12  0.072
(n.) +1.10 +0.33 +1.05 +1.38 +0.43
34-35 56.83 58.29 57.24 57.60 56.61 0.112
+1.10 +0.49 +1.03 +1.49 +0.58
36-37 57.14° 58.50° 5731  57.84°°  5659°  0.030
+0.96 +0.40 +0.86 +1.22 +0.68
38-39 57.59° 59.03 57.38° 5844  57.44°  0.049
+0.68 +0.93 +0.86 +1.21 +1.01
32-39 56.99° 58.39° 57.10°  57.77*  56.69°  0.041
+0.92 +0.34 +0.91 +1.29 +0.62
USua 32-33 103.64  107.12 10538 10535  104.33  0.071
gsTiny +1.32 +2.57 +1.85 +1.11 +2.01
(n./@/¥) 34-35 103.74*° 105.44° 10435 104.70°  102.17°  0.053
+1.13 +1.64 +1.56 +1.94 +1.82
36-37 104.86 10538  105.11 10455 10453  0.944

+1.39 +2.08 +1.40 +2.16 +2.03
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d' L ! g £ ! ) d‘ﬂ a a v 1
A15199 1 895171580 dninly Usunaensnnu wagdseansamnisidenins (Gh))

ANIININ 21¢ NAUNAADY p-
Msuanly GIR) value
1 2 3 4 5
38-39  105.21 106.29 104.42 108.26 104.65  0.379
+0.61 +3.60 +2.79 +4.10 +4.19
32-39  104.36 106.06 104.81 105.71 103.92 0.317
+0.88 +1.86 +1.57 +2.17 +2.14
Usgandnm  32-33 1.61 1.57 1.64 1.61 1.60 0.123
UEIGRRIEY +0.03 +0.05 +0.03 +0.04 +0.6
34-35 2.00 1.95 1.93 1.95 1.95 0.661
+0.08 +0.06 +0.05 +0.08 +0.06
36-37 2.02° 1.90° 1.97%° 1.98%° 2.04° 0.021
+0.08 +0.06 +0.10 +0.06 +0.08
38-39 2.05 1.91 1.97 2.04 2.05 0.081
+0.10 +0.08 +0.07 +0.10 +0.07
32-39 1.92 1.83 1.88 1.90 1.91 0.130
+0.07 +0.05 +0.01 +0.06 +0.06

NUNBLUR) Anade+S.D,; *° Snusiidnetumusuiueudenuwansatueeefited fayn1ead (p<0.05)
ndunAaesil 1 0wTUNA nauvAResdl 2 ovnsUnRlaluiwadfad 5% nduneaedii 3 ewnsUnd
ieuBadindunn 2% nauvaaesi 4 ewnsunfieuiiedlelnd 0.25% uay nduvaassil 5 91
UnilaSuuinguau 0.05%

AnNlY

aunmlduazdulsznevvedliduandunsed 2 uay 3 Asengln wazAraugldun
ER Lﬁuﬁﬂﬁﬁwaﬂﬁaammwlﬂuldﬁmq 34-35, 36-37, 38-39 uay 32-39 dUa Iuiriﬂfjuﬁlé’i"ummi
iesuihndlelndezdiangaianuazuandnaannguiuessidoddylaeiiony 32-30 dawi  diAvg
onglnganinnaudue 4.15-6.26% wazanugdlivgeninngudug 7.07-12.58% veiliilosarn fed
Tolndagifeatosiuruiunsunueddy nmsasdrendsen iWulmeulesd nsadalusiu nsaSyuay
mavesTadidinadonss il anvauysalvewilduazsvuugifuiuvesdnd  vindd
piusmiaiTu uazane (2560) wuhnsiaduiandlelnd 1.5% luonsldideduuliuazdisdiulys
aussanwnsiadAulnuasdnvasmsganisiniavesdldidn mswsuiedlelndiiszdu 0.1% Tu
ownslaidertilisnmnsisyivingininguaiuauegisddoddaymnaada uivszansnimnisld
arvslaunnaneiu Welnfiaunaduty Ausssaniudeanas (Chiofalo et al, 2011) el
lewniiedlelvdduasunisduaseilusiulaennizaoanau (Zhang et al, 2008) Fatunsiasy
tndlelndlunsmaaesiitstaslunisadalusiuliun Jutliesenyfauasamiugsldvnganiy
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ﬂauau 9 Faaonndasiiu Lilbumn & Jensen (1984); Jensen et al. (1976) wa¢ Jensen et al. (1978)
‘vmammwmﬂwwmmmuﬂuaqmaamﬂamammsummiwﬂwﬂmmw"lfummﬂuu GRIVGRICP R
fsdumsnduanfivaveniinnaudusmeadienlinisden IuLLzﬂ,ﬂ‘mma 34-35 aﬂmmnauwlmiuaam
wadumn danalolng LLayLumﬂal,muummmmqmum mmmaummuLLmlmmﬂmqmﬂﬂaumaiu

FiEtioy fuM uar asiwYl JumanIng

\addad (p<0.05) whermmdenllsisanshaty Fieradenmsaiuaduandaosian
fad satausinguay shliudsdlidnudus Snseduardouusuboyuiad sty vilinis
andue M siiUsEAvBamaInTu Saunnsnafy Hameed et al. (2019) TaduBadluomausilifiens
40-50 dUnsiitszst 0.29% vilvmiinlauas daniinldenuasasenglnganiinguaiuau (p<0.05)
wimumunenldanasmusssugasmiiatuluenms (p<0.05) Fuhninlduns dmdnlduniuas
ihwindenlalunsvaassndailiuansnsfunsada enaiflesandrsorgueslinnaesiiunndiediy
uazsyAvTesBadiaiusaiy

M990 2 Agengiln anugeldv dvilliue dlduns Arrnuaidmng waranuuUdenty

ALY 218 NHUNARDY p-
(FUasi) value
1 2 3 4 5
gonyiln 32-33 82.41 83.40 81.91 85.20 80.58  0.175
+1.85 +3.31 +3.35 +2.24 +3.39
34-35 85.33° 83.96° 8334  86.74° 79.08°  0.028
+4.43 +3.37 +3.28 +3.20 +3.06
36-37 78.55" 81.08" 8332  86.95° 82.93°  0.016
+4.97 +1.84 +3.76 +3.31 +2.65
38-39 84.29°° 82.75°  79.38° 86.08° 82.06™  0.010
+2.32 +2.27 +3.22 +2.29 +3.06
32-39 82.65° 82.80° 81.99° 86.24° 81.16°  0.006
+2.38 +1.63 +1.59 +1.57 +2.30
AIEA 32-33 6.75 6.91 6.67 7.28 6.55  0.200
T +0.35 +0.50 +0.62 +0.41 +0.52
(3130.) 34-35 7.28° 7.13° 6.92°° 7.50° 6.24°  0.026
+0.69 +0.63 +0.53 +0.53 +0.49
36-37 6.25" 6.61° 6.92°° 7.52° 6.87°°  0.012
+0.63 +0.24 +0.63 +0.57 +0.34
38-39 7.16® 6.93%° 6.31° 7.42° 6.76>  0.006
+0.40 +0.25 +0.51 +0.44 +0.47
32-39 6.86" 6.90° 6.71° 7.43° 6.60°  0.006
+0.366 +0.29 +0.32 +0.29 +0.32
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A19°99 2 Agenelin Awgdlueny dvillaues Flduas AiAuEEe warAuruWEenly
(%)

AnANWLY 918 NAUNAADY p-value
Gl
1 2 3 4 5
Avillanng 32-33 49.72 49.28 48.55 48.96 48.84 0.871
(%) +2.90 +1.26 +0.84 +0.62 +2.33
34-35 48.96 47.85 47.66 48.20 47.76 0.800
+1.56 +1.09 +2.11 +1.77 +2.42
36-37 4r.61 47.95 47.84 48.98 47.78 0.821
+1.71 +2.04 +1.96 +2.45 +1.60
38-39 46.72 46.33 46.39 45.82 47.16 0.893
+2.00 +2.14 +2.63 +1.78 +2.03
32-39 48.26 47.86 4r.61 47.99 47.88 0.834
+1.13 +0.47 +0.81 +0.87 +0.93
alauna 32-33 11.87 11.73 11.87 12.00 12.22 0.363
+0.38 +0.28 +0.18 +0.47 +0.45
34-35 12.13 12.13 12.20 12.13 12.20 0.997
+0.38 +0.65 +0.30 +0.18 +0.51
36-37 12.13 11.87 12.20 12.07 12.20 0.651
+0.55 +0.38 +0.38 +0.28 +0.30
38-39 12.33 12.06 12.53 12.20 12.33 0.605
+0.41 +0.68 +0.38 +0.51 +0.24
32-39 12.12 11.95 12.20 12.10 12.23 0.454
+0.29 +0.40 +0.16 +0.16 +0.16
ANA  32-33 1.087 1.090 1.088 1.090 1.087 0.466
g +0.003 +0.004 +0.002 +0.003 +0.004
34-35 1.085° 1.088" 1.090° 1.089° 1.089° 0.037
+0.015 +0.002 +0.003 +0.004 +0.002
36-37 1.087 1.089 1.089 1.087 1.089 0.444
+0.002 +0.003 +0.003 +0.003 +0.002
38-39 1.087 1.089 1.089 1.087 1.089 0.444
+0.002 +0.003 +0.003 +0.003 +0.002
32-39 1.087 1.089 1.089 1.088 1.089 0.142

+0.001 +0.001 +0.001 +0.001 +0.002
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M19199 2 Argenglin ANwgaluvny dvilliues Jlduas AAuEE e warAuruAenly
(si0)

auawly oy NHUNAADY p-value
(fUaw)
1 2 3 4 5
AUAUN 32-33 0.390 0.397 0.391 0.398 0.396 0.939
wWaenla +0.01 +0.02 +0.01 +0.02 +0.02
(331) 34-35 0.365 0.377 0.385 0.382 0.381 0.366
+0.01 +0.02 +0.01 +0.02 +0.01
36-37 0.370 0.378 0.367 0.371 0.367 0.482
+0.01 +0.02 +0.01 +0.02 +0.01
38-39 0.359 0.357 0.373 0.373 0.361 0.679
+0.02 +0.02 +0.02 +0.01 +0.02
32-39 0.371 0.377 0.379 0.381 0.376 0.468

+0.002 +0.015 +0.007 +0.002 +0.008

a,b,c

NUBLUR) ANRAYLS.D.; é’nmﬁ@mf“fumuLLmuauﬁmmLmﬂﬁmﬁ’uaﬂwﬁﬁaﬁﬁmmﬂaﬁa
(p<0.05) nguvinaesil 1 ewnsUNRA ngumaaesil 2 ewnsUnAaiuwaddad 5% naumnaedil 3
pnsUnAladuBadiiodunn 2% ngunaaesil 4 ovnsUndiady Taedlelnd 0.25% uay nguvpaes
7l 5 ewnsUnALaduiuinguay 0.05%

A15197 3 drnUsznauvedty

daudszneu  01g NJUNARDY p-value
vadli(%)  (Fa)

1 2 3 4 5
T 32-33 63.83 65.61 65.85 66.08 66.72 0.584
+5.82 +1.67 +1.19 +1.41 +0.41
34-35 65.97 65.33 65.72 66.32 64.90 0.363
+1.19 +1.52 +1.35 +0.63 +0.79
36-37 65.31 65.88 66.25 65.69 66.25 0.534
+1.25 +0.93 +0.83 +1.33 +0.64
38-39 66.13 65.49 65.10 67.14 65.03 0.534
+1.32 +0.75 +1.55 +4.13 +1.37
32-39 65.31 65.58 65.48 66.31 65.73 0.680

+1.72 +1.07 +0.86 +1.15 +0.35
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A15197 3 dudsenauradly (fe)

daulsenau a1 NHUNARDY p-value
vodld(%)  FUai)

1 2 3 4 5

laung 32-33 26.75 24.57 24.45 24.12 23.79 0.528
+6.09 +1.27 +1.04 +1.23 +0.48

34-35 24.74 24.86 24.36 2391 25.08 0.547
+1.15 +1.47 +1.24 +0.82 +1.01

36-37 24.99 24.23 24.83 24.64 24.03 0.463
+1.38 +0.78 +0.43 +1.11 +0.66

38-39 24.24 24.83 24.81 22.80 25.22 0.389
+1.08 +0.65 +1.81 +3.76 +1.30

32-39 25.18 24.62 24.61 23.86 24.53 0.463
+1.73 +0.79 +0.87 +1.04 +0.59

wWaenly 32-33 9.42 9.83 9.69 9.80 9.49 0.507
+0.30 +0.61 +0.28 +0.50 +0.44

34-35 9.29 9.80 9.93 9.77 10.02 0.056
+0.22 +0.19 +0.15 +0.64 +0.44

36-37 9.70 9.88 9.92 9.67 9.72 0.439
+0.27 +0.49 +0.44 +0.42 +0.18

38-39 9.63 9.67 10.10 10.06 9.74 0.754
+0.52 +0.40 +0.43 +0.53 +0.58

32-39 9.51 9.80 9.91 9.82 9.74 0.208
+0.23 +0.30 +0.19 +0.27 +0.31

UEWe ANRGe+S.D.; NaUNAaDI 1 219sUnA NaunAaesi 2 anmsunflasuwandans% nqu
Vnaedl 3 ensUnAidSuBadiaduan 2% nquveae 4 ennsundasuiiedlelnd 0.25% uax
nNauMAaesd 5 evsunAlasuANgUAN 0.05%

91NM5199 4 WU LL;J'"Lﬂ'ﬁmq 32-33, 36-37, 38-39 way 32-39 dUn Tumjuﬁm%wnaa‘
ﬁaﬁﬁaﬁ’mauﬁjmumimﬂmﬂﬂdmajuﬁ'u 1 egelitedAYN19Eda (p<0.05) lnsunninguAIuAY
59.85-95.93% uslalunansnsnnnguiiaiuinndlelnd fikdosnisadsadiusznaudeduidaued,
ysermssitaiiedlolndussniaadiad fasddyfenguauiasusuuuiifinadenisnssfugd
ATUNIUY mwuauyizﬁmmmﬂﬂﬁﬂé’sﬁﬂﬂiwiﬁmiﬂaaiﬁmaﬂﬂiﬁmﬁuﬁu (Hameed et al., 2019)
fhedlelndiduansneluwadBanililunsdunseilusiuuazansusenaudug Tuwad oN!
fauduiuslensaotminluazauale mmsﬁﬁiﬂiauqwzﬁﬂﬁé”mwmﬂfzil,l,amfmﬁﬂLﬁ'm%u
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mmwuaalﬂmyj%u (Sharif et al., 2012; Rameshwari & Karthikeyan, 2005; @¥ie fiuls, 2559; Zhang
et al,, 2020; Wu et al., 2018; Ding et al., 2019; Park et al.,, 2008; Shim et al., 2013)

A15199 4 wulianuunly

YUl 21¢ NHUNARDY p-value
GIR)
1 2 3 4 5
lvwalng 3233 17.46°  34.21° 23.08° 2496 1565 0.036
(%) +10.47  +5.81 +12.72 1061  £2.33
34-35 20.16 35.23 27.84 25.53 17.84 0.056
+9.54 +6.87 +8.32  £11.61  +8.96
36-37 34.63°  50.53° 36.90°  42.02°  30.60° 0.024
+12.36  +7.72 +519  £11.44  +6.85
38-39  36.36°  53.63° 36.76° 4429 3467 0.030
+10.66  +8.50 +04.43  +1047  +12.39
32-39  27.15°  43.40° 31.14°  3420" 2469 0.018
+9.88 +6.31 +7.19  £1031  +7.06
ldvuanans 32-33 55.80 50.06 50.44 52.50 55.23 0.669
(%) +4.91 +7.07 +12.55  +4.87 +6.24
34-35 65.03 55.97 54.99 60.70 67.17 0.296
+10.12  +7.80 +10.97  +1085  +12.04
36-37 45.97 35.71 44.40 41.51 46.78 0.231
+10.97  16.19 +7.43 +8.95 +5.84
38-39 43.79 33.98 37.49 38.57 46.32 0.278
+12.27  4.74 +13.77 584 +7.26
32-39 52.64 43.93 46.83 48.32 53.87 0.262
+8.97 +5.72 +10.28 +6.40 +6.16
TgvunaLan 32-33 26.74 15.74 26.48 22.55 29.12 0.158
(%) +8.28 +6.24 +10.00  +10.75  +6.92
34-35 14.81 8.80 17.17 13.75 14.98 0.274
+5.83 +3.96 +8.20 +6.19 +04.38
36-37 19.40 13.76 18.70 16.47 22.62 0.252
+5.95 +4.60 +9.07 +5.84 +3.89
38-39 19.85 12.39 25.75 17.15 19.00 0.246

+5.84 +5.87 +13.87 +7.52 +8.75
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A15197 4 Sulusurunly (sie)

YUl 21¢ NHUNARDY p-value
(&aih)
1 2 3 4 5
32-39 20.20 12.67 22.03 17.48 2143 0.208
+5.95 +3.86 +9.95 *£7.31 +4.78

B9 AadeS.D.; *° Snusiishetumuuuineuiinuusnaaiueg1sfitudfaynieada (p<0.05)
ndunAaesdl 1 01msUNRA nguvieaesdl 2 e nsUNAlERadBad 5% nauvaaesil 3 1nsUNA
\eSuTadileduan 2% ngunaaesil 4 ewnsunAaduinalelnd 0.25% uay nguMARBsdl 5 91M3
UnilaSuuinguau 0.05%

GRLY
nsiasuadgantuenslnlufisedu 5% axvibiiminlufistuiasUSudsesednsaimnis
Tdomsluvasiinsasuiindlolnafisedu 0.25% svgreusuussnuninlivn msasuwddadiag

msiasuiralelnanlaannmaitedvinlilaldaualngunnau

Joluauug
msiideyanTinseisununsdeddnlivuuuniuasuuuesuingdu 9 luemns

AnAnssuUsEnA
AIduveveuRmAnEInAlulagnsinnslinsatuayun1sinifewagesuiinse1ms
dndin AuzUsEus umINeeNYRsAEns NANITRULATIEINITIATIENDIMT NIARDY VYR UANM

o

U3tnilnsna aUTead lulewa e Tlvianueymsisidaduasnaniueiluniside

1aN&1581984
nosduasuLariawIAdnd. (2563). anrunisaluadndl 2563, Fudwan
http://extension.dld.go.th/th1/images/stories/63
Ayfansy szusiile, wazgnined 9iusnadassd. (2559). msldusslevdandadusadaiiowiia
UsganSamnsldomnslugnsvu. unwnens. 44(1), 35-42.
it n3esmiendy, sungy asvslnua, Ufna Tauds, waznsnua Udgns. (2560). nanisiasuda-
AaLeMAlUDMSARANTIANINNITASAAULY SEUUNTANAY waraNuMENIRANIAYEETLE-
dAnluliiile. dmaunnduviuasans. 12(1), 1-10.
FI950 waund, ININIY V18RS, warARTY Induqdl. (2555). UseanSamnisiasuansanadansiuiu
suyduluenslaly. unwnenas. 40Uy 2), 498-501.

vy Auls. (2559). amnsgnsuasdndUnigeussend. nsunnaviuAs: g LA 91 ududs 9110,
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DESIGN OF VIVALDI ANTIPODAL ANTENNA 2.4 GHz
FOR WIRELESS POWER TRANSMISSION APPLICATION

Yosita Charoensiri' Chumpon Patummakason® Shalermchon Tangwachirapana*

Abstract

This paper presents the Vivaldi Antipodal antenna 2.4GHz for wireless power transmission
application based on the design of tapered slot antenna slender micro-stripe with bandwidth.
The proposed antenna had the symmetric dissipated energy plane of electrical and magnetic
fields, which was also easy to adjust the equilibrium of impedance. In addition, the antenna was
designed using computer simulation so as to obtain the parameters which are suitable for Wi-Fi
communication. The simulation results showed that the antenna had the dimension of 75x75
mm. The material was a PCB of the FR4 type with the dielectric constant of 4.4, the operating
frequency band with in the range of 2 — 6 GHz, a feedback loss of less than -10 dB, and a gain of
4.5-9.48 dBi. The antenna had the directional energy dissipation and high gains which were good
for wireless power transmission application, when connected with a rectifier circuit that acted as
a conversion from AC power to DC power. A set of antennas at a frequency of 2.4 GHz would
get a power factor of -20 dBm which can be converted converting to DC 0.913V, 20mA.
The voltage from multiple receiver antenna units could be connected in series to increase the

DC voltage and power.

Keywords: Wireless Power Transmission, Vivaldi antenna, Vivaldi Antipodal antenna
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(Alhawari et al., 2012) B1ut MU UL TDUADTENINAIAIIUATUNIUVDIE18DINATUN LA
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angonetniugUsruufny wifdianunsnadeUuuunsussed uwuamnnslndidss fuituiald
mammmﬁﬂﬁmmiﬂﬁﬂﬂﬂszqﬂm%mﬂwmaﬁm L% Radar-Imaging, Wireless Monitoring,
Precision Tracking and Wi-fi Application (Moosazadeh & Kharkovsky, 2015; Bayat & Mirzakhani,
2012) L‘f‘iaamﬂ{]%é’fwwﬁmé’mwmEJﬁaqqq%ﬁuLﬁama’uauaammamwﬂuﬂﬁazﬁau AINIUNTD
annau tadawide (Siddiqui et al., 2011) WHunsifiudnsvensvesaigeinidiloanLeuilnaea
Tngléinadiansifisladidnasniaud sedan Arlon AD255 da¥aniimlsienn senuuuiduguisiludau

N1Y09U0UUALUUTOUTYT (Bang et al,, 2018 ; Tangwachirapan et al., 2019) @1u1salnensivee
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WINNI1 5 dBi ANAudNwMzAuYesatgaInanilisnsvesamariviawauauinine §3idela
Wiaue agenieieafueuilneea lnefinisuiuruaduleudyaranasdadulugunsusuade
wuulpgeadmsunisuundaaengiuaud 2-6 GHz Iiladianssnauddedamlihetuiaguia FRe

sonuuudugUanuvdedludrunivesdavesseassd uasduiefeiuiugiusesesaeeinavdn
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ieanaududeuluniseanuuuuaraine Snnsddlvidnsivensigwmasngiuaud 2-6 GHz lnefvuna
75x75 1y, wngdmiunisuszgndldaunisdsinasuliane Tussuudeans Wi-Fi iannud 2.4 GHz

Wag 5.7 GHz 3naae

s

nQUsZaeAYaINITIY
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WefnwuareanuuuasenafidinuauiRsnsveegaavuiadndmsunisdamaanu

Saneiduguuuuiieausuflnnea
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A1598NWUULASIAS 19EN8ANYDINADIDAAWDUR LNADATIAAINUD 2 GHZ — 6 GHz 92L5UAUINN

¥
= o

NSRBI NUSIUAD AIUALAEIUAILNTAANUIUN 0.035 mm. NedaIAulATvuIalnaL@eay InINehu
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AR ATUVINABINULUUANLIASUNTAAFIUTBILUY FRE 1IA13mun 1.6 mm ledesnisiianeeinimtiu
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ladidna3naun 4.4 fvuelianude (F,) , anamuivesiiuia (h), wazArasiladidnnin (g,),

AUNI9 (Wa) wazanuend (La) wesaigeiniadaning 1

-

#
’ La J

AN 1 VUIRYRNASIASI9E18RNA

AMIIAIAIILNING (Wa) LR AINNETI (La)maaﬁamammﬂima aunsi 1

La=Wa= ¢

(1)
fye,

Toe C Ao AmnuduasiiAuiniu 3x10°

f A9 AuD(5uAL) N9BIN1TERALULTAINAY 2 GHz

g, Ao Ansiladiane3n
FatUAILNTIAIUINAIANLN kAT AL LAeas LUl

8
3x10
La=Wa=T=72z75 (2)
2.0x107 x~/4.4

n1seanuuulAsEseugIuYesEIuaIsaInIFteafwauRlnneataumsastdy I sEUU
SAULAAINIIITRDIAN q Trnzaulal Yinsas1sdiulAsnINannis (2) eeenuuudiuntnges

Wasase1909@191n1a TudelUinn1sUsuTEUIUNIT AR wENN1S (3) vulusunsudiaeduuy CST

(Computer simulation software) A30IW# 2
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y=Ce®? +C, (3)

Ya =A cos(2nx/k) + A, ()

AN 3 NMSUSUTTUIUNS1INEEBINA A9 4 nsUSuANuNINgEnsU

S-Parameters [Magnitude in dB]

-—--51,1(Xmin=12)

| —-51,1(Xmin=11)

-—--51,1(Xmin=09)

3 4 5 6 7 8 9 10 11 12
Frequency / GHz

MW 5 An1sgaydedoundu WeusussuunsinvesageINa

WM IUSUATMTIENRSTEUIUNT1IATBIENERINIATIMIN T ALY ANEARA AT TR1TUINTIN

[

ANl 5 wudifien Xmin = 10 WWuriaulaleglinanevauesnudanegadedoundu Si utas

ANRF0anT 2 GHz - 3 GHz Waw 5 GHz - 6 GHz Fadut WiFi  Aflandmiutsdufio 3 GHz - 5 GHz
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S-Parameters [Magniwde in dB]

AR A < —sitman
A \\(m DAY/ /m [
i /

Frequency / GHz

i 6 APgayddounduIINNITUTUAININERTU
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wae 1.6 mm. WikaweuauewrndanAgadedoundunaentiu 2 GHz - 3 GHz uag 5 GHz - 6 GHz A siiign
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WL AULAILLAVUINYDIANYDINARULUULARAIAININT 7 haLaIg@1881NFII08RLaUR LNABaTNASN
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Inaeaiignasneduun

SPaneies [Watue 1 5]
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P VAT Y |
P \ [ TSI AY
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IR AN IRYE
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1 1 i 4 i ] ] § § i i i
Frequency | Gz
(n) nadnaesAAUgadedoundu (@) HamTInAANNgEedoundu

MW 8 HATIRBILAENAN1TIAAIANER I SaunduYeaEaIgRINATIIRFkOURLNADE

A7 8 nudHan1TInAAgdsdaunduvesangalsaInIAlleafLauAlNABATIAI 19T
fanmnuagydeidiosanmsdeundursuinadivssavsnmlnaldssiunanisdnaes Inefiaud 2.4 GHz
fAiniu -11.02 dB 1A 4 GHz AU -13.608 dB wagfiAud 5.7 GHz didAwiiu -10.14 dB

lngangangenAleafkeuRlnaeanaiwulsdlanugydeiioninnisdounduinnumsigayse
nsldeuieud 2.4 GHz / 5 GHz

o b

e
‘ ! oes
IR ST T ..I’

I — —I

signal generator | spectrum analyzer

R J

<
) »

AT 9 NINAFDVINDNTIVLIYVBIEUEIIINIAIIDARLIURA L NABA

NM3indns1vegvesaIgeInIa lagvinnsseg unsalaniunini 9 gunsalgndeidniuiaies
Aufladayeyras (RF Signal generator) tHumdoudyaufitisninudsznine 2 - 6 GHz daindenau

20nlU# 0 dBm Tneeuanelawenliea (Coaxial cable) NHABuRLAuS 50 TevuludsanaaniAsuas
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(Transmission antenna) Aduddsdyaaudludsaseiniaaiu $u (Receiver antenna) AuuaLay
AU (Spectrum analyzer) ¥MN15IAAIANLIIOIE Y YIUALATU watuAaLioMns1ve1Y
YOIAIUDINA LUDIIN @1UDINIANATNVUNITAINITOUINIMAADU LAz ATUIUMISNTIVEIBTIIAIUTU

LATAUENYOIAEDINIAINEUNT

2
4R
ZG:Pr_Pt +10|0g10(x) (5)
ool P, Ao A&1UNsy (dBm)
P, Ao Mdasudida (dBm)
R A9 STULUNTENINNANYDINARISU way fada (m)

HIBUNTSINDNTIVYNYVDIENEDINALDURA INADA
14
12
10

2 24 3 4 5 5.7 6

-0 ACST —®—pnanisinad

AT 10 ANSRSINTITVLLVBIANYEILBINIAIIDARLDUR LNADE

TNIIVYNLVDIANEEIYBINIAIIDAALOURLNADATENININANIITIABILATHANITIADT

A lNALAgINY TAgnUI1 NAUD 2.4 GHz JA19n5 19818 5.8 dBi way 6.54 dBi NiAUD 4 GHz

pd )}

fiAdms1ve18 7.9 dBi WAy 8.76 dBi dnSuiiadnud 5.7 GHz SA18ns1981e 9.1 dBi way 10.8 dBi

ANUFIAU
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Signal generator Spectrum analyzer

AR K]

A 11 MsrisgunsalinkuuIUNsWHNdsuagoMAlULLITTINY XZ

nMavageuiagULUUMIINgsuYesEBeIMAmitNsiegUnsalmunwd 4.1 Inesiogunsal
dnhifuieSesasiedayayias (Signal generator) Wusdeudayinifinanud 2.4 GHz , 4 GHz warfiaud
5.7 GHz dendufidseenluianvindu 5 dBm laekiuatslauenidea AfiduRuaud 50 Tevy
TUgaaneeniaduds (Transmission antenna) dusdsduaanisuindnuludasenagiuiu
Fdussudynin Faduasenniafiasyinismeasulavdsiuaelauenidea iiedwioludunios

pszvaUansy (Spectrum analyzer)

Simulated

0 o
) Measured

(n) seuvauulndneud 2.4 GHz (@) SEUUAUILLILMANALA 2.4 GHz
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315

270 7 90 270 90

135

225

180

() szuvauulndnaud 5.7 GHz (9) TEUNUAUILLLMANAINUA 5.7 GHz

AW 12 MSLEANSNUYeIEINIAIINNaNTInLazNan1sIaeslussuvaun ey

AUNLLIMAN AUD 2.4 GHz wag AIUd 5.7 GHz

NN 12 ASHRNANIUITNUINNYIANUINAADUAIIND 2.4 GHz hay 5.7 GHz wuind

ANWULLINZIWIAN BAZINITHENS I UNFDAAR DINUNANITINABILALAITINDS

-— fntenna I
I

Trangmission Line
D2

To Antenna

| Rectify
T Cireuit fm ==

~
™~ |oad

il 13 msseangenafugasnAliiessluds Al 14 299sudadlinssuaaduidu

Load LED IW#hnszuansswuu Two-stage

namd 13 wanaguuuulunisseaiseiniafugasndlilieaslugs Load LED #imud 2.4
GHz Fslunisesnuuuazdesinisuuaddseninaseiniaiuesindlieesiiieianisdewuis

dun i 14 2sasudasiiinszuaaduiduliinszuansawuu Two-stage 1n8917995UUU Two-stage
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Usznaulumeduiulszy 5 f uazlalen 4 f dewuvaynsuanauduns nszwdlvaniu C1 Au D2
Tag C1 agvimsiiudsey auldvinduussduiianedian eedulusdmdadiun nszuaszlnariu C1,
D1 waw C2 Tngludamed C2 asvhnafuussqluluianadeatunisimanseua vlisegil €2 whiy
wssfuBunaanAuLsIRusEglia C1 SuiliAsussiuliieenuuiniuaeuvitvesussfudune

Mg Nifiagiiliussiunyasiesendne D2 fu C2 way C3, D3, D4, C4 \inusanulnfinaeann

Wideiu Faduagyililssduseninegasie D2 AU C2 wavgasie D4 fu C4 Wasiuiuudiagliusesiy

Mmednnduinseninegase D4 fu C4

= 2 al sl o
M197199 1 m‘iNNamimmaamﬂﬁ]iLSﬂ@iWLEJEJi‘VImﬂiULLUU Two-Stage

Frequency Amplitude (dBm) Voltage (V) LED
-25 0.29 U
-24 0.363 U
-23 0.485 U
-22 0.622 U
21 0.792 U
o dCHy -20 0.913 :u
-19 1.11 U
-18 1.288 ol
-17 1.37 iU
-16 1.474 iU
-15 1.532 a119
-14 1.572 a9

MnA59T 1 asiiuldiusduinesidnalieesuuy Two-stage Wsutiu anunsadunaen
LED Traringld fausiindseedl -15 dBm awvililé¥uusesudl 1.532 v vihmsseiansuald 20mA Seay
dawavinliiviasn LED Buainalaganunsaifiusiuviuanseinieaningesns Amplitude (dBm) 91nane
onmaliundstu iefudiuaisonmaluniausniuazdonfugaiindlmossmusiuiuya
AU INAIE



D

and
2
and

44 | U9 16 aUU?l 1 (UNTIAN — WWIBYU WA, 2564) To@n 1a LazANY

Ant 1 i r Ant 2

Rctify Rdtify
Qraiit Qruit
®» O ® O
8

Mwil 15 ULuunsseaunsuIngmsnAleesings Load Meeesnasy

N 15 wansguuuunsieeynsuangmsnaliitonsings Load lasyaisndlniusiasynas
gneeaINaBeInA wazilodyaiaanaiseinaiiu AC suyaisndlvosfazgaudaaduluin
NTLUEANT f\]’lﬂﬁﬂﬁ’llﬂiﬂﬂﬂ?\lﬁ’]ﬂizLLﬁmiﬂﬁIM’lﬁiaawﬂimLﬁ@LﬁMLLNﬁu agemAdail 1 annsaiuiids
siluguuuy dBm 1flagUszanad -20dBm Tnedesinugausniliessazuvadluiiinszuansauay
Wieuunsneil 3.2 llduseiud 0913 V nszua 20mA dwmudiueiniaini 2 umhdsaluguiuy
dBm Iflaeuszanaidt -21dBm FslndiAssrudaf 1 uazidlesiugausmiluionsasudaslifiinszuanse
wazifiauiumsns 3.2 Flildusedudl 0792 v nszua 20mA dethussiuaniiaosmunoynsafiuay
1#ussstusandl 1.705 v ¥l LED adrdla LED ahsihuasdinszualvaruil 20mA duias

a ) P 9 9
AN 16 waen LED d319MUUeIdNUNITAIATY

9NAMT 16 waen LED ahuflowinisesiuiuiasmaiunifgasniliessuazaisoinie
WU 2 YA
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COMPARISON BETWEEN MEALWORM (TENEBRIO MOLITER L.) WASTE AND CHEMICAL
FERTILIZER ON THE GROWTH AND YIELD OF SELECTED-PSU GREEN PEPPER

1* 2
Pattamavadee Kunwanlee® Tewee Maneerat

Abstract

Utilization of mealworm waste, excreted from the mealworm (Tenebrio moliter L.),
which provided plant nutrient and improved soil. The objective of this study was to compare
meal worm waste and chemical fertilizer application on the growth and yield of Selected-PSU
green pepper. The experiment was conducted in Randomized Complete Block Design, each with
3 replications; T1 for non-fertilizer (control), T2 for chemical fertilizer application as 21-0-0 at 10
ke/rai and 15-15-15 at 20 kg/rai, and T3 for mealworm waste at 60 kg/rai. The results showed
that plant growth and yield components such as fruit-length and width fruit thickness and fresh
weight were not significantly different. However, there was a statistically significant difference
(p<0.05) in yields. The chemical fertilizer application treatment gave the highest yield followed
by mealworm waste application and control, respectively. These results indicated that the
application of mealworm waste had similar effects on the growth and yield as chemical fertilizer
application. Thus, the mealworm waste can be used for pepper production and is considered
a sustainable agricultural method for plant production. However, the potential of mealworm
waste dramatically varied according to insect diets. Therefore, the nutrient elements in the
waste of mealworms and the appropriate ratio of application should be analysed for each plant

production.

Keywords: Plant growth, Mealworm waste, Green pepper
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W3n (Chili, Capsicum spp.) 8gluq4d Solanaceae Lﬂuwwammmnmwgﬁa}ﬁwﬁa

7

= <

yoaUssa winfidendgnluvssmelng éun winduynalve) windvywaidn windnt waswdnuen
annsniuldussleniislugunaan wawks wiude saudendndusiing 9 19y seanin winusi
winUu winmes uazdnaue1ns WWusu uenanidedinisinluldusslovidnunesusidndae
Tud .. 2562 ﬁﬁuﬁﬂgﬂw%mwﬁwwmﬂ 171,253 15 Lﬁuﬁuﬁﬂgﬂw%ﬂiumﬂiﬁiw 23,539 13
Fauvaduiiufivgnwdnueandauau 377 15 Sruawnunans 274 aadou lnedminfidiuiiugnnin
neandte fanfausidna uardmindanni Siuiivgn 261 uay 116 13 mudidu Tuandeais 720
way 139 Alansu/ls auddu s1a1vteninnednaglugag 26 81 34 vain/Alansu (nsuduasy
nsinenRs, 2563) inwnsnsyugnuindnusvavdyiduyunisudngs annslddeiad uazansiad
Mdnlsauazunasdngiy (aunn Wwiles, 2563) dwaliursgamanandnninliieanasiendn
dosmslulsena yhlsiFealnisindranussmaioutiu winveaniuddn-u.o. iuiugninilaty
msfmdenlagisnisnandn ielfiluiugugnitensdlunelineuans lnsdnuarAnisnisinuns
1 wiyivladluiuiianald engniafufenss warlinandngs (viydns dufivseen, 2549)

Jordutladoddydmiumsnaniiv Faudaduloeiiffisigemsiifomenazegluguiie
annsathlUldUsslevdldviui egralsinunistladeiaiisuiumnuagldveidomnd avsilviau
\douanw fuviarnugauauysal Jedunigildannsmingesanqduvisd vieyadnd utanivde
Tivnansinwns yadwifisimstunldesnaunsvans Wun yaln yath yadean esniisinens
wdnuarsmeIIesiianunsaduaiunisiaiyivlavesiivuasifiunandaiald ﬁgdé’aﬂhaau%’mé
ninenssssunAuardsnndonld witlymainnsliledund Ae danudndudeddluuimmunn
sonthefiufiugn uiiragiisadenhediniendifnu slddudesendonisdamiedunisly
disamesonisldnu Fafumstanndedunidliissansnmifisuniiuloed Taeddunusniuae
THlutsnaresiaduSewmennn

PUBUNDASIVIEE IDVUBUNUN (mealworm, Tenebrio moliter L.) agﬁlmaﬁ Tenebrionidea
\Hussounuasdnuisnguifieatvuen dududnsiiviiadiannudensliunissuuigninoaa
Tulssimaaevun daatuiinislinueunensimadumnsdsafoduumadusiunmadendlily
nsiesdng dedumsuseas iwu Uaasanu dandude uaznisuadnd wu dnidn dndidsgniae
v Losnrueunensinaailusiuneruaaifougs (nuwi wedigey, 2547) shlddnsdeads
nsfantu shlidyanuousonindnaafléannismadssniglunisuvimasnniinaneituian
widelivamainung lnsaudnvarvosyavusuiensimaalisnuusuis doanBonedeidone
fis1mermsfimanzsenisimizdgn leud lulnsiou eanedauasInunafougs uisdfuyaln
yaans (Houben et al,, 2020) wazyaldidow (Ng, 2009) uam]1ﬂﬁaﬂamauuami”ﬂﬁﬁnmﬁmmia
Uasaosussinanesnduileldasluiu dwarenundunsadusiiwesdiu Uinaduvdeingluiy
Tulnsiausan Weanleda uarlnuna@oniduuselovilufudiniugie (Houben et al, 2020) vilsidl

a o

nsdyanueuneai1itadinldusglevidmiunisudady annsdnwivesusval fivage (2558)
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Anwnisladeduniddaiinyavueunensrinadiiefiunandndnn Taonsladedunidsadaya
suauuen1f1anEvEn wa. 60% + dmsinTantwnaldl wa.2 10% + dsindanimaslng me.7 10%
+ seaveana+lalalun 10% + woslad 10% dwalitilinandnuaresdusznaunaningsan
Liu et al. (2003) 57991u31 MsHaNyanueusens i IaAiuAUNS 18R 1:40 dmiunisugndniden
vlinandndudondngu 17.9% mamgidssuousenirdnadionisaduednasufiuneld
Tituinuasns Tnsawzsineasnslufiuiifminasafiondmmzidsmuounensidnadidunisd
dledmineiduemsdnisiuunansuds Seiiliiuinuyanuouteainadimieiauauin
fedulumsdnmiifunisihyanuousensrinaddadutanmielimeminnuesidogluiuidmia
awanUIouitsuiudaediflensnanninveinitusin-u.e.

IUILEIAYaINITITY
WeAnwiUSeuisumsldyanueunensitianduarownisenisasyiuln wasnandnves
WINNYINAUGAR-U.8

WAnliun15idy

AnTdunITUgNNIANEINNUTAR-1.0. A WUAINARDINYAIANT AMENTNYINTTTTUVIA
uInedeasvauesuns Ineruamalug dausiiieungednieu 2562-Tuney 2563 lneziude
winlunanguuuin 104 nqu viquas 1 whn Wefundieny 2 §Unii Ereasgagnuunn ax6 i
mﬂﬁf’mﬁaéfuﬂé'ﬂmq 50 fundumzdn Sredgnadiuniasuan szezuan 50x50 wufiwas Tuwda
YAREITUIN 3x3 AT nguas 1 fu $10IU 36 Fu/uUay/dn $1ua 9 was umafussrinauag
1 wms fnsugndessundniimevdadnegn 7 3u

yanuouneniinadfilidmiunisdnuildannszuiunisndemususensiiniad
TutosuiRnsmefiginet augnineinssssud dmsuldiduoimsvewnumeaain Inge1mis
fldAeaunnuousonirdnma Usznoude drilnaua $1613 uazsianBen tyanueuteniidiiand
flFanniadsslifes fifiunTinseieadusenausineims a guiRaLIgAAINNTIUNITNYAT
\lann3de0en ANEgAANMATINASINYAS M AMENdBAIwAIUATUNS NUTyanusuLensITIad
finandunsauiunans (pH 5.98) ANs19pWNIWENTI (N POs Wy K0) 13.31% Bun3eing (Organic
matter; OM) 61.74% An1siilaiin (EC) 3.94 ds/m wavdadiu C/N whitu 9:1 (15199 1)
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M19197 1 99AUTENOUSINGIMNIIINYaNUBLNEASITIANE

pH OM EC dadgaw N P.Os KO Ca Mg Mn

f9819 TR S
% ds/m N %UANUN/UIRUN————- un./nn.

yanuou
19AS1917 598 61.74 394 9:1 3.98 6.35 298 1.03 132 217814
a1a

QNLLmumwmaaﬂLLUUUﬁaﬂ?juam‘giﬁﬁ (Randomized in complete block design) 4117u
3 nssuds 3 91 fall T1 lalldde (gaenuau) T2 T@deiadl gas 21-0-0 §n31 10 nn./l3 Wudld 2 ads
TudUnnifl 1 uae 2 wdadnend) uasges 15-15-15 8n1 20 nn./l3 (wudld 4 ads Tuduaniil 3 §a 6
wa1endn) (andaneal 555013Y, 2547) uag T3 lddeyanueunensid1iaid 8ns1 60 nn./ls
(wisld 6 ada luduawd 1-6) Foyaannisvhnismeasndesiu) youdasivnisineddanis
dngialaediBamufiunsdanis il Gavuiduatulidunias 2 afs danudendaneiis
uaziFosunlaideon omuguuuasdngiiy wardanudeslaslamedin Wemunulsafivarnifon
Faviazads Tnsfusservinsosnisdnriusines 2-3 Yu dauddreugnluulasaunseiafviien
HANGR

nstufindoya duiuninainumnansvesutassiuiu 15 fw/sn Ineldfudunaensesia
n3¥inide Juiinnsidaivlaveswnueaniiony 30 u 45 Ju waz 60 Fundsthendn Tasinanugs
Yosfu (wuflung) usuuisdedu Yunenusnuiu wazfunenuiu 50% uagtiuifanandnnin
nganleny 25 udsmenuiu fedanananinveanluszes dazinafifenndes (Yellow-green 145
group O) (k@138nwal 5551394, 2547) Tuiindayan ussAUsenoUNANEAVDINTNNLIN ail
Sruaunandnsesiu dnthannandn (n3u/de) tnelfiadosdsiinoanadon 2 fums faeuning

warANENIHa warAuvuLile lnglddineaesideadiues indeyauiinsierianuwlsusiu

'
a U L% 1Y

WiguiiguAadaelangisnis Duncan’s multiple range test (DMRT) fisgauiitdfny 95%

(MueLe SnvazwLYeIWIn Ao Win)

Wan153eLazanusIena
WNan1539e

14

NNIsAnwUTeuisunavesnislaganueunensitniand Jeinlivaglilddodonis
WIAulavamInveInRuGAn-u.e. takn Anuawu wasdiuuimainiséredan 30 45 wag 60 Ju
WU MRS AULnveInEnveINTugAn-1.0.9M918 30 45 uay 60 Tundadneuan lifiauunnsiaiy

aa tﬁl 1 @ 1 o v a4 a [l 1+ ] 1
3afif (115999 2) agrslsimunislayanueutensitnied Jowadl uaglildledmasianateannon
YDININNINTUTAR-1.0. AuAIeUgnIUNTENUIUDBNADN NUTN N1590NABNYBILAALNTTIIT tikA

nslalldde nsladewnd uaznisldyavueunensitilssegaanusnuiuuanaieiu log n1slddeind
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(T2) uag ldyavueuuenindnn (T3) fszszaenusnuiuiiony 28 Juvdsiedgn uazneeseennon
n3EIanENUIL 50% ey 40 wag 44 Yundsireugn awddy drunssudsilildads (T1) fszozaon
usnuLilong 34 Jundsieugn uazneeseonaennsziiananuIu 50% fieny 50 Tundadiedgn
(M5737 2)

M990 2 Anaden1siasaiulnveanEnvedn WUGAR-1.0. AUAINEWNY I1WIUAYAY ey 30 45

wag 60 Tunasgreuan (day after transplantation; DAT) TuABnWSNUIU ey TunaNUIY

50%
A9N
y . o2y ABNUIY
- AAUFINUY (V.) MUUNY (N/AU) WwIn
N334 “ 50%
U
30 DAT 45 DAT 60 DAT 30 DAT 45 DAT 60 DAT DAT DAT
T1 12.87+0.83 23.93+3.40 27.95+3.83 1.66+0.11 6.50+1.58 9.16+2.61 34 50
T2 15.04+1.78 24.71+x2.44 31.29+351 1.45+0.37 6.79+0.56 10.73+0.86 28 40
T3 14.60+£2.62 22.86+1.69 30.93+153 1.21+0.57 550+1.11  8.91+2.00 28 a4
F-test ns ns ns ns ns ns - -
C.V.(%) 1.50 1.55 1.09 3.31 1.64 1.63 - -

ns LiwAneeeadia, n=45
T1 Wildde (aauaw) T2 ladoweil waeT3 ldyanusunensitniand

nsldyanueunenirimand Jewedl uazlilaosenandnvesmdnueaniugin-u o Mfuiien
flony 25 Sundsaenuiu wuin nsladeiad (T2) dawalvinandnsiosy waznandnsolsgaanogiad
Hedhdgneeadia (p<0.05) (21.73 Wia/fu wag 1,711.60 nn./ls awuandiv) sesawn fe nsldyavueu
WensIT AN (T3) (13.25 1in/fu way 1,214.15 Alanu/ls mudeu) (m151971 3) uARERAANS AN
WusAn-u.0 luusagnssudsatinslayanueunensrinma Janiuazlafldlslifianuuandnatuyes
osdUsznauNarAn (ns) léun thwinan enuem anuniiama arumuiile sgdlsinunisinwady
fifidedunninislduanuousonsndrima (73) wualiliimin anunauazanuenmandniiand
53135 9 (1157471 3)
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NANSIN 3 ALRRUHANER WaroIAUTENOUNARAANSNYEINTUTAR-L.0.

o - vwitin AN X

N334 NANARN a0 UL A AIUNUUD
(din/fiw) (nn./13) (n5u) (wa1.) (u131.)

T1 11.67+1.33c" 936.33+23.82c 14.75+1.60 11.06+1.02 2.27+0.08 2.04+0.11

T2 21.73x1.22a 1,711.60+44.12a 14.77+0.54 11.00+0.33 2.33+0.23 1.97+0.06

T3 13.25+0.90b  1,214.15+51.66b 17.83+2.37 11.94+1.08 2.48+0.16 1.97+0.12

F-test * * ns ns ns ns

C.V.(%) 3.67 3.94 10.92 9.46 5.98 6.05

ns LUuanFNa19Ena, n=45

* uaneansadRTsER U Tesu 95%, n=45

Y anadediisnusansiulunesudifieatuwanseduinnuuanansunadaannnsiUieuiieuseis
DMRT

T1 Wildde (yaauaw) T2 Tddewndl uaeT3 ldyavueunensitniand

aNUIIYNANITIAY

wavuoumess i madiiutagmielinnianensfiiernnsimnsumsdsmueuionsy
$1ad FeanunsathnduanlduseloviiduleduvidivanUsossmemsuniivld Tneyanususony
dmadnnsumzdeduiminamardanmdunsndiunars (pH 5.98) fdsnemmsndnsugs
niwavueusensiinadnnTenues Uivai ithgs uasuams giunsins (2558) ldyanuesuson
rinadludmiansrunsadegseuarginitsnenvansuvestsdunidvietoasn viindu 1
1dun JoFanmyaansduidin 3.00% yaanandndaidin 3.20% ($nug andide uazame, 2555)

+

gyala 4.14 uavdeyaldifiou 1.6% (yaua ygylne 811 uasaln§sn unaandimiay, 2559) wenantl

Y 9 Y

Nl

a a

Sunseingluyavueunensitandadndifesiuledursdauningeansiulasiauveansuiamunnfu

q

¢ ay v o 4 % Y ¢ & a v ¢
nsgnsInenskazannsal Aldarnnszuaunisiidendn (Wne iy iwus uazame, 2559)

v

Qe

o

Wdndiu O/N vesyanuauNens191I@1801 Faginlinisaaiefivesarsdunidlaefanssuves

=

dun3dlupudululas iiAanssuiunmstanUaeslulasaulad Snalunistievngeniu Saenndes

S S

e -

=

funmsfinwives Usnd fivn3e wasauns glunsns (2558) egndlshinud3inasinemsuazdndiu
C/N vosavuoutoniinafeniuegivemmsuazanmuandenlumaides mndiidanisnadesd
7 ansatielisimensnguasilustlevidenisugnity

Han1sANw T UL uyanueunens1tadwa Jainlinenisiasyiiulniasandnues
wWinneIniugAn-u.o.uansliiiuinnisldyanueunensidnadiivssansamindidesiunisladend
Tneiloindifisgomavdnuareglusuiidulsslovdroiy uasnsUanudessnewnsvesioindifiatu

9819390157 Mwaunsatnsmeimsnnlendlulduselenililaenss (inasiig glidus wazaue,
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N+ +

Seturonuazleiniidiulng

3 3

2559; Naeem et al,, 2006) 31nA15ANYINISLUSULAEUNITLEDUNIEN

(R a6 A

wandbiiufauszansamvesdoiafinenisiasgiivlauaznandngainitJedunidnieden

9
Faednil Juiau wazamy (2559) Mevuimsliteedvilitudeininaiyiulawasnanangegn
deifsuriunisladenen wag Wisdom et al. (2012) 1831137 Joiadidamalrinisiaiadulnymadidiu
F1alwn 1un amundidu s1uaulu dvdnuiafuiezsnganinslddensnyalauazlaildie
Tnedoiadannsafuiminuidudiuiioguiiofuldun Tnsiawizfiviideny 60 Yundsdreugn

+ v &

(Liu et al,, 2011) iflpsandeBunidnsodoyadnl

LAY}

finnsuanvasssigeimsednstn q ilesansg
amnsiivaulngeglusuresasuseneudunsd siluigldaiunsagaasenmsluldlaviui dessiu
nszvIunIsniingesaindunidivieglusletiunisansivdwzarunsogalldls (Choi et al., 2003)
Flvfteinsesayiviameiugdudilussezusn (Liu et al, 2011) sgralsfinumsanuiiuanslsd
wiuihmsldyanueunensitadvilinsasyiviaasnandnvemdnveinindifesivesiuszneu
wanAAnInveIn Iduidmiinan armniewezauening geanieied aenadesiuaumanoses
Uil fiv1ge wageams gumsing (2558) Fawudn msldyavueunensrinmaiiosediafevinli

NaKA® Uvinan wazANeINaNLIaeIRNTULS

Gl
HalTeuifigunsldyanusunensiinaduazdeindson1siasyiiulauasnaninveansn

a

neINHUAR-u.0. NsldyanueutensItIafaunsatislinisiasyivlaiasnandnveninmean
fugdn-u.e IndlAsstunslatewnd Ssfoldimanuousenirinadifuletinmifidnenmiisu
Jowad uagidunisiiuuszansawlunislivagumaelinensinuastiausslovigegnseszuy
\AswgRangulsy (Circular economy) lngannN1SNAYBLALLATHANTENULBIAUARANTNLING DY
ogslsfinuusrdvdamaesyanususeniiiiandiueyfuingAuildiissmuounenirinaa
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ANALYSIS OF SOCIAL DISTANCES OF STUDENTS AT FACULTY OF MANAGEMENT SCIENCES,
NAKHON RATCHASIMA RAJABHAT UNIVERSITY STUDENT IN ONLINE EXAMINATION
DURING THE COVID-19 CRISIS WITH GEOGRAPHIC INFORMATION SYSTEM

Kanokmon Rujirakull* Kraisri Tenpaksri2 Ratana Rujirakul3

Abstract

This research aims to study the spatial distribution and analyze of social distancing in online
examinations of the students majoring in Business Computer and Accounting, Faculty of Management
Science, Nakhon Ratchasima Rajabhat University during the Covid-19 crisis. The information about
addresses of 170 students was analyzed. With the mixed method research, qualitative information
about the students’ addresses was transformed into quantitative data so that the spatial data were
analyzed with the GIS program and the descriptive statistics were analyzed with a statistical program.
The results of the study revealed that 1) the methods for creating spatial databases from students’
addresses, filled in Google forms and analyzed in Google Sheets with the location deviation of
5.8 %, to map on Google maps, were able to correctly locate the location at the rate of 94.2 %; 2)
the data analyzed using the Nearest Neighbor Index, with the QGIS program, showed that it was
clustered in distribution pattern (R, = 0.55), and the map showed that the place where the students
took the exam was very dense near the university area; 3) the pair with the shortest and longest
social distance was 0.00 and 236,541.5 meters, respectively. When grouping the shortest social
distances into ranges (500 meters per range), it showed that 50.0% of them were in the at the

shortest social distance of more than 2,500 meters, followed by that within 500 meters (16.5 %).

Keywords: Social distancing, COVID-19 Crisis, Online Examinations
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DEVELOPMENT OF MOBILE APPLICATION FOR REPAIR REQUESTS IN STUDENT DORMITORY

Rattayagon Thaiphanl* Walaiporn Sornkliang2 Chawanrat Srinounpan3
Weerayute Sudsomboon’® Chatchai Kaewdee® Tidarat Tongtiap®

Abstract

The objectives of this research were 1) to design and develop a repair notification
system for student dormitories as a mobile application and 2) to evaluate the efficiency of the
repair notification system. The development of the system used PHP in conjunction with the
MySQL database, and the user interface utilized HTML, CSS, Bootstrap, and jQuery Mobile to
support both mobile and web applications. The research tools consisted of the repair
notification system for student dormitories, performance evaluation form filled by five experts,
and the satisfaction questionnaire of the sample chosen from dormitory teachers, dormitory
students, dormitory staff, dormitory housekeepers, and maintenance technicians of Nakhon Si
Thammarat Rajabhat University. The samples were selected purposively result in a total of 130
people.

The research results are as follows: 1) the repair notification system in student dormitory
via a mobile application could reduce the process of coordination and close contact of users.
The dormitory had a system for managing parcels and dormitories for receiving and dispatching
parcels 2) the evaluation of the system performance from the experts in all aspects was at
a high level (X = 4.39, S.D. = 0.52), and 3) the overall user satisfaction assessment were at a high
level (X = 4.41,S.D. = 0.68).

Keywords: Repair request, Mobile application, Student dormitory
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SOLAR POWER GENERATION DEMONSTRATION SYSTEM FOR COMMUNITY
FOUNDATIONS AT A HOUSEHOLD LEVEL

Sarayut Chitphutthanakull* Kritsana Chantasit”
Abstract

The aim of this research were 1) to study the development of solar power generation
demonstration system for community foundations at a household level and 2) to integrate
the research’ results with teaching and learning in the primary school. In this research,
a demonstration set of solar power systems which laying onto a whiteboard size of 82 cm width,
110 cm length, and thickness of 22 cm was developed. The demonstration set was able to
generate electricity by the 120-watt solar panal through the control device whish charged the
battery of 20 amperes to the battery of 12 volts, 80 amperes. The DC current was converted to
AC power with a 1,000-watt inverter. The circuit board was installed to prevent the power
generation exceeding XH-M609 which was compatible with the solid state relay 40 amperes.
The electricity storage capacity was tested at 3 levels of discharge depth 40 % (12.20 volts),
60 % (11.90 volts) and 80 % (11.50 volts). The result showed that the appropriate duration to
keep the full charge was within one day at a discharge depth of 40 %. Here, the battery can be
recharged to full power within a period of 6, 8 and 11 hours, respectively, which can prolong
the lifetime of battery life and the higher charge. After the integration of teaching and learning
about the electric generator with the students in Primary school (Prathom 1-6)
of Watmongkolwuttawas School, the 5-point rating scale assessment method was used to
measure the satisfaction level of undergraduate students of Faculty of Industrial Technology,
Rambhai Barni Rajabhat University, the lecturer and other related participants, in total of 217
representative samples. The main results were summarized as follows: 1) the level
of satisfaction with knowledge, the understanding of the representative samples with the topic
in the theory of electrical energy had the highest value with the score of 4.40 (88.00 %),
2) the satisfaction of the expertise’s knowledge had the highest value with the score of 4.60
(92.00 %) and 3) the application of knowledge, the representative samples could use the
knowledge to modify by effectively reduction in energy consumption with the score of 4.54
(90.80 %) which had the highest score.

Keywords: Community Foundations, Solar Energy, Household Level
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STUDY ON THE PROPERTIES OF NON-LOAD-BEARING CONCRETE BLOCKS PRODUCED
FROM BASALT DUST MIXED WITH BAGASSE ASH IN MUANG BURIRAM DISTRICT

*

Cheellawad Vimuttasoongviriya®

Abstract

The objective of this research was to study the properties of non-load bearing
concrete blocks produced from basalt dust mixed with bagasse ash in the area of Muang
Buriram District. The research process started with testing the properties of concrete blocks
produced and sold in Muang Buriram and nearby areas. After that, the samples of concrete
block made up of basalt dust blocks mixed and without bagasse ash were produced.
The physical properties of the concrete block were tested 28 days had passed and the
compressive strength was tested after 14 days, 28 days, and 60 days had passed, respectively.
The concrete blocks were divided into 3 groups: Group 1, concrete blocks produced and sold
in Muang Buriram District and nearby areas; Group 2, concrete blocks produced from basalt
dust; and Group 3, concrete blocks produced from basalt dust mixed with bagasse ash.
The results of this research showed that most concrete blocks in Muang Buriram District and
nearby had the average compressive strength through the criteria but smaller than the
requirements of Thai Industrial Standard (TIS 58-2530). The concrete blocks with thin cavity
walls and thin shell tended to be denser than those with thick cavity and thick shell.
However, the concrete blocks from basalt dust with proportion of bagasse ash at 0.15 by
cement weight tended to be denser than those without bagasse ash. The water absorption
and porosity of concrete blocks decreased with increasing cement content or bagasse ash
mixture at proportion of 0.15 by cement weight. In case of equal compressive strength,
the concrete blocks produced from basalt dust use more cement than those produced from
lime dust. Furthermore, the concrete block mixed with bagasse ash reduced production costs
while maintaining the same strength. Besides, the compressive strength of concrete blocks
is increased approximately 7-8% if the bagasse ash was added at the proportion of 0.1-0.2 by
cement weight.

Keywords: Non-load-bearing concrete blocks, Bagasse ash, Basalt dust
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ATUSTIANY AL NSNEINTEIA (NTUNSTNYINTTTH, 2553) NA1IIN ﬁuﬁ%’w‘fmﬁ%’uéﬁﬁuﬁﬂﬁﬁwwaﬂﬁu
ganlrisdavzseadognlivessinaiiioiiuduasiuilndifes dwmalifgnaunssumiiosnsiu
uymeadiiognavnsuieaivansuiilazusasdifdin1suandaunn eflillssnundnneundn
vienludminyFsudldfnwnmsthiuduurreadunliidutanuanedisdaies Tnsutnisfnuidu
2 wuIMna Ae WUl 1 MsUSudndrunanseninBiuuduasiuluuryead uazuuIniad 2
nsth Fuduusgearnantuiiuduiiuu il daaseng niaued urUssgn dma (2560) iR
nshfiuuuzgeadinsatenauiuduiiuyunanduneundnudennuin aeundnudeniinauiiuduus
goarlnssUTammh i amuuiy Mdsdaaznnimiuieuanauileiiouiufinanainiu
duiuguiiissegiadien agdlsinmunisiifuduuzgeadanuiasing 4 ludwmiayssudundndu
mounInuiendoudatennuantRriunnsiugg

uenantudsinuiteiidnwaeuninuasaeuninudeniliansuauiinsiwanddauaa
(Biomass ash) L9y Wunauun wrdutiiy wasidiniudes Wudu wanisidenudt aeuninuay
pounIAUAeninaud iadndiunay 0.1-0.2 Tnethuiinduns deifunuaudinnaliisude
deufuiilinaudifana eEmakand ianaUinunndsmailinnuruuiusasdsnanag
(T Agsivingna, 2555 ysdns dn335e wavame, 2552; Julym ATened uazAmy, 2555)
dofinsudidanaluiminuiiudnui wieslidemddunannmudesdwiunngnlduan
nszualifilugramnssundntihmadsalifidimudesndennuuiumskanduauann iheudos
dalngazgnmilUifdudeluwdasiananisnmsinens fmnaunsadidivudesdenanuilidu
aswanifinlunsimuguainaouninudendoudinad andeyadisiunuideiiauladne,
AnauRrounInuSonudaliisuimindindnnniiuuusseadnaudimudesluiiuiisuneilon3iug
IngUszaeAvaIn1IdY

1. iefnwauauifneuninudennasialisuthminindauasdmigluiuiisnoeiios
U3uduaglnalfanmudeimuaiinsgiunanduignangsy

2. iflefnwianaudtinouninuiennarsiinlusudminindnaniuluusseadluiiuiistne
WieaysSudaudaimuninsgrundndusianaIvnssy

3. Lﬁaﬁﬂmqmauﬁaﬂauﬂ’%mﬁaﬂﬂmwﬁﬂlm'%UﬂfmﬁﬂﬁwémfmﬁuﬂwwaaﬁmauLﬁwsmu

doumnudamnunIAIIIUNEASusigRaINTIY
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Wanliun1side
fumeumsiteFunnnisinydoyauazaideiiieades duifuaeuninudeniindnuar
Fmielufiufisnnadosisuduadlndifsaietumeaeulufosfjiinng famTanuasnagou
anauTRtanfiazinanadnnouninuiendaesns fo eouninudenanfiuduuzeeadnimauuaslina
ey Bondmmdiunalnedidindnsdiunanindrluiiuiisuaeidoniiuduaseited
Rertes winaeundnudoniiegmiurviunisnanvedssnuluiiufisunedoniiug neaou
auaudRneuninudendiogisluiesl foansmudisiariidvun fo naaeunuautfivnnienin
dleneuninudeniiony 28 Yu waznaaeuidsdniilesiony 14 Fu 28 Fu uaz 60 Fu mudwy twa
nsMadpUNIIATITRLazeAUTBralasd 9B nuImsguiiieites antuiasunanisite
swaBunfifedestumaiiiumsideiisetelud
1. poun3nudennarsrialifuduiinuaglinauauaanuity
WIASFIUNENTUIgRaIMNTIN wBn. 58-2530 Nd13I1 AeunIaudentiinnavlialisy
fmﬁﬂuazhjmuaumm%u (Hollow non-load-bearing concrete masonry units) g AOUADUNTA
yhanBiuudveiauaud i wastaquanfivunzauvianiig  uavasiansdunaue gieviolafly
Tnefeunaunsaiilnswuinlngnzqeasnisunaziindsiiuuenisonit Wien Asuninudenlddu
ihinldrendsilisuihminussmndulauenantmingies suammsgiuiisiinedaly Ae
AINEY 19 w3l AN 39 By, ANLNTIS 7 By, ANuvUUAeN 1.2 @y, wasiirunananaeuliiy
2 14,
2. mandnrsuninvanluiuiisunaidosiiuduaslindids
TssnundnmeuninudenlufiuiisneidenFiuduarindiAsddtuuiosanausussinn
7l 1 wagAuruiinyulunisuan Tneanlvylddndunanlasimidnuesfiudusswing 20-24 duste
dwednBiaud 1 da U%mmﬁwLL‘UﬁLUﬁsuliJmumm%waaﬁwgu n13nainAudu azldnssuenag
rouflswlalinay Tasfiudu 1 nszusimidngewing 105-120 nn. annsandnaouniaudents
$1uam 20-23 fou niuFnsdiuudldluliaay Wy SlEShmdunauBiudisefiudu 1:20 azdos
TFuduszanm 6 nn. defiudu 1 nszuz Judu Wemudiunaudrfufind3afudldfasden
nsmaazutsinahldfemsh Taninadsuiudldluddoudad Sriudfasuuiny
foulaglifhiingifafteinduiinahivnzan ndusafounsuninuieniastutulssun
7
3. MsguiuraunInuianaNissnuguan
mnmsdmalsnudkanneuninudenluiiufisinedienisusduarlndlAsmut ne
Wowssudilssnundavuialngdnuiu 3 1530w wardnnetuaiuiilssnundnuualug 91uiu
1 159910 ABundnudenainii 4 TssedldfuanudemilUldlunsdeatdluiuiisnnodionisug
oilsnuiteilidendniednsnouninueniieviumeaeuluiesufoiniann 3 lssnu fe Tseeu A
oglusunoilosyFiudddnnueyaszideyamsnandueinsd Tsau B sglusinethusugady
Tssnurdavualugiiidselusmeliiuiuimdnounnn waglsanu C oglustneyumays fwmin

giuns Fadinsthiiuvzgeaddudiunanlunsndnnauninuden
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n13tnfeg19nlsnuERanagldiznsdudteg19eeg19dg (Simple random sampling)
lnglionyiiemiag19uun n wie MNUsEINsTINIL N iy Tngdmualiniieiiegausas e
Tuuszrnsilemagnidenivintuniglinsousegiswesiuiineaiiu (Area frame) msdndegaite
MsNAAsUNsE o aa1ufindnniendsniuindaliiu 7 fu nmsdndedraduluaiy
18n.109-2517 Tunsdliiveaeuudaliinazdadeyaursdrusenudandendnsegdvsiandiuiinde
onaaeului drdedrdlminnyafiassmaasulinudnitodnnuaiwliku uen. 58-2530
iflsanundnaeuninuenluiuiidulnanasliiu N=10,000 feudotu Twasgiu uen. 109-
2517 frvualfnisgudndaediefeslidesndt 10 fou FefunuideiFudniogiadiuy
n = 30 fieu Bslsitfesninfimasgiudmun Insusazmmaaeuazlinouninudendiuam 5 Aeun
TornuANITNAGBUYEY HaN. 58-2530

uenanAsunIAAeniduiuan 3 ssnududamadeisnonnuoyensililsany
A nanmeun3nudensotsnfiuluuzeoadianaunainaud i udosnu dndunaninuided
fua Tnsaouninufonaniiuduussoadlalldgnudniiiesmneluusnaniiteldlumuidetvindu

4. Fagildnannauninudensatig

swanBenTagiivunlindnneuninudondregaiifeelud

Yudud : 11asgIuREnAnsionanvnssy wen. 58-2530 wugi1in YuBudiilis 2 via
Ao YuBuAUasALAUANINTEIW 1N, 15 1au 1 WSeyuBudnaNN1ATgIY Hen. 80 ﬁgaﬁgu%muﬁ
AltluanAded 2 via fo via A iuyudsudvedauaudUssiani 1 uazwiln B HuSwudnasatdos
(Non shrink cement) vioyudsudvesnuaudussinnil 1 nanansiafinaufiunasiiuyuunaziden

Fuy : Fuduililuanuided 2 vie Ae Husu A WWuiuiuiiujuainsinensennsum
Janinaseys

9
I a

#udu A Dufiuduiilsanudndaludunedissyisuduarlndifeddndnnouninuionifiesmuie

fdwiedreduduuduazliarsduniguzvudndeos (@winn a3lnlsalsna, 2539)
drufiudu B Juiiuduvzyeadvadsdddudiufialdnimatinuieay 226 sunaifiesy3sug
NsUNSNeINI5IAl (2553) Naadn uwnasfiuvggeadtusnnailey3sudanguinauinselanidady
plifuudy Insfiuduurgeadndnimnduiiniiowuuwaianuuutamdss (Columnar jointing)
NANEN 5-15 WATUITURUILDLULLAZ LANLUUTZUIULWIUDU (Platy joint) 1ANEA 15-30 LUAS

NAIAY AaanTARuLN 2 slnuanddunisned 1 wagn1snseatevuIneun AU 2 sinueans
Tunmd 1
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-o- Auslu A : Auyu
-0 fiurlu B : Auuzyead | |

10 1

= S
yupeyma @) 01 0.01

AR 1 NSNSEAgULIReUNATIUNUALY ULAL AU UUES0ad

M19199 1 Aaudinianenmkazesdusenauniivosiuly

Sada

29AUTENRULANIAS XRF vashuduiuyu

Fameulnoonlan (SiO,) 0.11  Inuvaleusenlan (K0) 0.005
losounenlan (Fe,05) 0.04  uwunili@euesnlys (MgO) 0.36
wpadenesnlen (CaoO) 51.70  laifiwusenles (Na,0) 0.01
AnENUANIINEn Y sTUAUTAUYY
Uinaumnutu (Gesaz) 0.37-1.85  AMUANINWITI (Bulk specific gravity) — 2.70
AL uINTaY (OMC) 110 alugdanuasiden (F.M.) 3.53
29AUIZNaUIANAS XRF vasiiusuuzgaad
Fameulaoanles (SiO,) 3936 lwuva@uusenlan (K0) 2.86
avgilifluveanled (ALO,) 1147 usamiaeenled (MnO) 0.39
losouseanlan (Fe,0s) 2588  @nseudsueanlyn (SrO) 0.33
upalduueanlen (Cao) 1415 lnideuleesnlen (TiO,) 5.47
AuANURANIINIEAWYRRURLUETRAd
Uinaumnutu (Gegaz) 1.33-2.94  ANAWIWWIZI (Bulk specific gravity)  2.86
ATABuMIEA (OMC) 115 elugdanuazden (F.M.) 3.49

v v v v o v & Y % a = ° N
1¥1ULBY : Laq%quaaﬂmPﬁLUULﬂﬁlLUquaLinaaEJQqﬂii\‘iﬂﬁlumam‘lwmqsﬁ'ﬂuaa 2ILNBALNDY

Jiaussug lnaiaudesiilaazgninlumnuanliwisainuddsunasideauazidiuiseuniu

AzwNTIUeT 200 1 ldlunudde AuaudRnnIenImkasnILATveti1vIudELaRluA1SIT 2
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M19199 2 AuandRnnen nazeIRUsENoUATYe LY ISRY

29AUIZNBULANAS XRF Yau0191Ud08

Faroulavenlan (Si0,) 60.75 wusnilaeenlan (MnO) 0.84
avgiliiluneanled (ALOs) 346  ansoudeneenlyd (SrO) 0.08
losousenlan (Fe,0s) 9.63 ninWeanesa (P,0s) 2.61
wpaldeuesnlas (Cao) 13.70  dwnzdoonlan (ZnO) 0.11
Tnuvadeusanlan (K,0) 588 wesnouisulnesnlys (Zr0y) 0.18
Faoslnseanlen (SOs) 157 Inmdleulaeenlen (TiO,) 1.20
AMANUANINNEAWYRUAYIUSDY

Loss on Ignition (LOI) 134 ANadUmEIUAZLATY 200 (Sowaz)  49.0
ANUAWIUNIETI (Bulk specific ANBTLDIANIUATLATY 325 (Souaz)

avity) 2.124 18.5

o

Hoyanualuazdadunauilgluanuise
FadrunaunltnannounInUaandg19919899 NI AINeIT AL AR A UNALTIT93 V04

Lsanududnludinafenssuduarindifes Tnsaidenfnviwasimuineuninudenlddndiu

a

Tnsumun@uudneiudusening 1:4 83 1:12 @nsTy watofing, 2556) Vuelsanunannoun3e

P

vdeanludunaflesyssuduazlndifedddadrulaoimindinudaefuduszning 1:15 8 1:25

]

waruITeNdnwineundanauo1v usesltdndliuianviudesliiiu 0.5 IngurnunT LU
(T8 0 sAINENA, 2555; Usans dnsdse wavAmy, 2552; 09iu1 aaduns, uwavaiua 99210198,
2548) fanunidesiidafenlddadiulagdmidnduuddeiuduvsyaansening 1:4 81 1:20 uagld

o 1 (% 1%

dnarudvuden 0.15 uaz 0.50 lnetmindwud snsrdrunauuueildlunmideunvadu 3 nau
S

oA & a < s a ° ' & Ao N SR Y oA
AB NQUN 1 LUUV’W@UﬂimUa@ﬂV}NaWLLagﬁ]qwuqﬁluwuwaqLﬂaLmaﬂuiiﬂ EJLLaSSLﬂaLﬂEN NN 2
|

JureunInudenwdnaniuiuuzyead waznquil 3 \Jupsuninuienndnaniuluusgoastauid

= <

Wudey Taenquil 1 lunsuninudeniiduivanlseanuindn 3 uvs 1uau ¢ dadau Ao Al e Ad

q

ngud 2 19ureunInudendiegafindnainiiuduuzyeaddiuiu 5 dadu Ae AOL fla AOS LAz
nguil 3 1Wureuninudoniegeinananiuduuzeeadnauiiiviudesdiuiu 4 dadiu fe AAL
feAnd shadingud 2 uae 3 WunsunInufeniodiefindnlaelssnu A dieldlusuiteduidy
dmiviuduvrroaduaziiviudesilinannouninudeniieglinainnsduiiudeisued
(Quartering) MuU3anaiifiesnts sandendndrunaurouninudenti 3 nguuandusmsedi 3
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AN5199 3 dnaiunaunaunInuasninetvndiuud

. o . @aua . ALY ansdIU
anwal ——————— Wvugey —————— x|, UG
A B B unsadiuug
Al - - 2224 - 0.5-0.6 GIRE
A2 1 - - 2022 - 0.5-0.6 ApunImUSeniinGn
A3 1 - - 2022 - 0.5-0.6 o mhelufiufisne
Ad 1 - - 15 5 0.5-0.6 Wesyssuduayindifes
AO1 1 - - - 4 0.55 L
ngun 2 :
AO2 1 . - . 8 0.55 N
ABUNIAUABNKER
AO3 1 . - . 12 0.55 o )
PMNAUNUUTEAR
AOG 1 . - . 16 0.55 y .
wielgluanuide
AO5 1 - - - 20 0.55
AAL 1 - 0.15 - 10 0.75 N 3 -
AA2 1 - 0.50 - 10 0.90 ABUNIAUABNHANIINTL
AA3 05 05 0.15 - 10 0.75 FuusyeaNauinvIude
AAG 05 05 0.50 - 10 0.90 wieldluamiide

UINIFIUNSNAGBUADUNSALADNLAZAIEDA
TeandennIgIUMITAFUALNIAUAe LA AaR AT lUT
nsnadeunsganduthvhauaasgIu wen. 109-2517 Tassuuals W, Ao dwiindudn

Rausis wae Wy, A dwiinuiis szanansomanfesasnsganduth wy Idanaunis
Wy = (Wa-Wp)x100/ Wy (1)
NIIVAREUALNTUIAILNIATTIY ASTM C20 Taodwuali W, Ao dindnuvauluih

way V Ao USHnsTau avanunsavianfesagaungy P, liainaunis

P, = (Wa-WoX100/V 110 V = Wa-We )
ﬂWSWﬂﬂaUWQWQJWU']LLﬁULLﬁﬂ P ﬁ']m']llln@lii']u ASTM C20 %ﬂﬁqlﬁﬂqﬂﬂﬂﬂqs
p = Wp/V (3)

N15TIALAEIEIBAMANLNIATEIL WBn. 58-2530 auinuali P Ao Uminnaggn
UaY A, Ao NUNNARAYINETIN FLEANITONIANNAIDA G leanauns
G = P/A @)

avuali x Ao Toyarewuied i 89 n WwAUTAMIAIEDA Ao Atady X wazduluuuu
11m337U SD leRnauns

iz(zn:xi)/n (5)

SD = /(i(xi -%))/n (6)
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NaN15IBUATDAUTIINA
HAN1IVAFBUTILLEUD Ao NMTIATUIA ANUNUIKLL N1IANANET AIUNTY kasfindesn
pwaIRy dwiuiedrsnsuninudeniindnlaalssnuluiiuiisnnadonssuduazlndifseuansly

NN 2

a = < A a L Ao = No € v o
A 2 AeunIavdeninanlaglsanuluiundnnaidlonssuduazlnalaes

1. NaN15InVUINABUNSAUADN
Han1sInvLNALRAEveInaUNIRUADNTIDNY 28 Tu uandlun13ed 4

= a n‘ I3
A7 4 VUIALRAYUYDIADUNIAUADN

AW ATM Aa A aamuiienulwss wufianadauang
fwdnwal g 819 nde wWden  viege  wleusi Wufivn dudigus
() () () () (ua.) (uu/a)  (a59u)  (ws.9u.)
Al 1825 390.0 604 10.5 18.4 228.3 235.56 148.26
A2 1903 386.0 649 11.3 19.8 2139 250.36 127.51
A3 188.6  390.0 64.6 15.3 22.2 249.4 252.35 148.33
Ad 189.7 3910 645 15.2 22.4 249.6 252.61 153.89
AO1-AA4 1825 390.0 604 10.5 18.4 228.3 235.56 148.26

AT 4 nud eeundnufeniindsluiuiisinedieniuduarlndifsaiivuiauansig
fu Tasaouninuden A3 uaz Ad Inan91n1590 C HyunnsIuaInsgIu won. 58-2530 Hsuyn
Fosnrfununiefidesninunasgrudmualia 7042 uu. Aeun3avden A2 indnainlseanu B
frnuenuazanunhatesnitumsgriudmus dunsuninuden Al indaainlsenu A g
WAZAIIUNINTBYNIININTFIUANUA ﬁ%qﬁsummﬂauﬂ%uﬁaﬂﬁl,mmmﬁuﬁma@iaﬁuﬂqumsmﬁm
oilsaueuanaeuninudenluiiufiegsziing 56 vnsedou lasfifuyuniananegsewing 2.75-3.0
umdefou uenantunsideligmusnigieliaruaulanaararunununnniuaounie

<
uien
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2. AMURUILUY migﬂnﬁuﬁmaxmww;u
NANSNARDUAINUNUILUY mi@mﬂﬁuﬁmazmquuﬂ'mq 28 Yu uanslunsnsdi 5
2.1 HAMIVARBUANUVUILLUNUI NNl 1 AeunInuden Ad namanfiudufiuyunas
FuvggoadiiamuuILiLInfian vuzfineuniauden A2 Al uay A3 wananfuduiinyuiining
WLLYanamIuEIRy nsfineuninuden Ad ﬁmwwumﬂumnﬁqmLﬁmmﬂsuumﬁuﬂuumaaﬁ
dnniniiuguFeansaunsnidilunigludesialdini uenantdusmunireuninufoniifniisty
Tnsawazidonunsiiuualiuausmnuiusnnnindisindaiulnssuas e nvun
NANIVIAADUANAMUILLUNGLT 2 WuTh AeundAUSen AO1 SAnuvuuluINTige
sesaaniuneun3nudon AO2 AO3 AO4 LAy AOS Auddy TeiiiesanAumuLdLesiutwile
dndunaniUsiadudifiady Wy eouninufen AO2 fidndwdiuudrofuduureoad 1:8 faw
WUMUY 2,271 NN/aU.4. 11nAIIReun3auden AO5 fidadiu 1:20 dilen 2,166 nn./au. Wusy
NANTVAGDUATIIMUIMLLNGHT 3 1UTn AeunTAUAenNaNLSeTIdRdIU 0.15
Tngtminduud Suusliuaumunudunnninildnandmiudos drunsuninudonnaudmudos
#dndau 0.5 Tnetmindwud fannunuiuduanas uenantudmudninouninudendiladuus
Uasauaususznndl 1 Suwlduamumuuduinnninildfuuidesanausussiani 1 naufuduus
nAFLoY

A151971 5 AnuLdLRde nsganauliede wazaungueisveineunInuden

v o iy daudeauy msgendudt daudesauy anungy dudeauy

s (M/ava)  anuvuudy  (Sesaz) mig}mnﬁuﬁﬂ (ewaz)  AuwWgY
Al 2,056 4.04 7.28 0.06 14.96 0.11
A2 2,088 20.83 7.04 0.17 14.69 0.27
A3 2,034 15.51 8.08 0.23 16.44 0.35
Ad 2,123 12.04 6.38 0.09 13.55 0.12

AO1 2,306 8.1 4.07 0.02 9.39 0.02
AO2 2,271 15 6.44 0.01 14.62 0.01
AO3 2,208 2.7 7.70 0.02 16.99 0.05
AO4 2,190 2.1 8.19 0.01 17.92 0.02
AO5 2,166 33 8.52 0.02 18.46 0.02
AA1 2,270 5.94 6.75 0.02 15.14 0.02
AA2 2,183 6.91 8.53 0.03 18.64 0.03
AA3 2,259 5.13 6.95 0.01 15.51 0.03

AA4 2,180 4.15 8.64 0.02 17.83 0.05
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2.2 wamsnageunsganduinud nduil 1 Asundnudon A3 Seinisganduthuniian
dhumounInudon Al A2 way Ad inisgandutnanasuddu nisfineuninuden A3 findnainiiu
Auiuyuduientu AL way A2 Snisganduisnnigamseinnumnuulissfiganietanailéi
faamguaniign vaziinouninudon Ad Gaflvunnlndifssiu A3 wifinisganduiitiosdian
ilesnnwananiiuduiiuyunasiiuduuzsead

KaNIVIABUNIIRANALTNGNT 2 wuth maganduthazanasiledndiunaulduiun
Funsfinntulsaenandestuamumuiuiiy 1wy reuninufion AO1 fidnduBunddefiuduuseear 1:4
finspanduihiesas 4.07 tesniirouninuden A5 fidadau 1:20 Fediendosas 8 52 WHusu

KansnnasumMaganduiinguil 3 wuih aeunInudenfinaudmudesiidadou 0.15
Tngtwidndud fuwldunisganduiitosnirilinamd drunsuninvionuamdiviudond
dndu 0.5 Tnethmiindund fnsgandutifiuinty Tuvnsfineuninufenilifuusivosauaud
Usplanl 1 fuwiltunisganduidesninfiléfiuuiveiauauissnnd 1 naufudumdvagatios

2.3 HANMIVARBUANNNTUNUT NauTl 1 ABunIAUADN A3 fAuwguIINTign s89a3M7
HumounInuden Al A2 uay A muEIRU HanIsadeUANLTUE AT IAeAAdDTUNIIR AN
uazAAIVLILLY uananduiudniinouninudeniidutiiulnsuazienvuniiuualtunis
aanduthannniifindedulnsauasudontis

NaNITMAdBUANLNUNANT 2 Wui1 Anunuiuunliuanaadelddndiunauidl
USunadasinniu wu aeunimuien AO1 fidnduBiuuddediuduuzeead 1:4 aflanunguiosas
9.39 tfesninmpuninudon A0S fidndu 1:20 Faflarumyuiesay 18.46 LHudy

NANTNAROUAINTUNGNT 3 WUT AeunTAUAenHaNdYuSeeTidadau 0.15 1ny
dwiin @ fanumguiiosninfinauivudesiidndiu 0.5 Tnedhuinduud dusunouninudon
waduesiidnaa 0.15 Tnedwiindung fuultuaumquiisnhiflinaumdmudes

3. MasdnnaunInuden
NanTRapUMASLadsTiony 14 Tu 28 Tu uay 60 Yu uandlumsnei 6

AN5199 6 TS9P ALRANYBIABUNIAUADN

218 14 3y dowdeauy 91928 Ju  duwudesauy 019 60 Ju  dawdsauy

BT (an/ms.an) 218 14 U (hn/msey) 218 28 U (n/AT.9.)  81g 60 YU
Al 26.1 1.6 36.1 2.6 42.4 5.0
A2 20.1 1.6 24.6 1.1 27.2 2.4
A3 23.3 0.9 255 1.2 26.3 1.5
Ad 20.1 0.9 23.2 13 24.1 1.2
AO1 1374 8.9 149.7 6.5 1535 53
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DEVELOPMENT OF MALA CURRY PASTE FOR THE CONCENTRATED MALA BROTH PRODUCT

Issara Puakpromma1 Thanaphat Thitiwacharatanakul?® Punnawit Pattarawichaiwong3

Manunya Khamwachiraphitak4*

Abstract

This study concerns the development of a Mala curry paste recipe for the
concentrated Mala broth product. Here, 3 Mala curry paste recipes were developed and
compared with the commercial recipe. The most satisfied recipe was the 3 one which contains
6.58% of Hwa Jiao, 6.58% of black pepper, 0.88% of dried chili, 6.58% of chili powder, 6.58% of
cumin, 2.19% of garlic, 7.02% of Ginger, 6.58% of Pae-Lo powder, 2.19% of salt, 15.35% of brown
sugar, 13.16% of soy sauce, 13.16% of hoisin sauce, and 13.16% of olive oil. The concentrated
Mala broth was processed by mixing the Mala curry paste with clear broth and heated at 100°c
for 10 minutes. Then, its was placed into 250 ml sterilized bottles containin, and cooled
immediately. When diluted, the Mala soup had sensory acceptance scores as follows: color
(6.15), smell (6.30), taste (6.67), spiciness (6.71) and overall taste (6.80) (medium-high preferred).
The concentrated Mala broth product had L*, a “and b~ values of 30.51, 5.55 and 6.44,
respectively. The difference was not statistically significant with the commercial recipe and
the aw values of Mala curry paste and the concentrated Mala broth were 0.74 and 0.98,

respectively.

Keywords: Mala Curry Paste, Concentrated Mala Broth, Mala soup
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MATHEMATICAL TECHNIQUES ON ESTIMATION OF WATER DROPLET VOLUME ON
HYDROPHOBIC SURFACE

Teeranan Nongnual' Sineenart Srimongkolz*

Abstract

The volumes of droplet on the hydrophobic surface can be calculated to investigate
the liquid adsorption efficiency, infiltration rate, and evaporation kinetics. An elaborate method
has been recently proposed by calculating the rotation axis of an ellipse, the slope of
hydrophobic surface plane, and the integral over spherical coordinate. The result of this method
could be done with high accuracy. Since the surface plane slope can be neglected, the
hydrophobic surface plane was assumed in this work as a flat line with zero slope. The two-
dimensional water droplet figure was likely symmetry, the rotation method is then applied to
approximate the water droplet volume. Moreover, the curve of the water droplet was
approximated by a quadratic function. A simplified method to estimate the droplet volume was

proposed in this work yielding acceptable accuracy.

Keywords: Mathematical technique, Water droplet volume, Hydrophobic surface
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STUDY OF NANO ZINC OXIDE EFFECTS ON THE INCREASING SHADES
VARIATION PROCESS OF COTTON YARN DYED WITH NATURAL TUMERIC DYE

Patitta Wongsangthainl*

Abstract

This study aimed to study the process of increasing the number of natural dyes on cotton
yarn from turmeric together with Nano-zinc oxide on color value and color fastness of cotton
yarn; and the dyeing model for household industry comparing with the color obtained from
the laboratory. This study was performed by using chemical measurement, wavelength
measurement based on the CIELAB color system to identify color values, color fastness to
washing and light fastness test, and compare the color values obtained from household dyeing
process with the laboratory. The findings indicate that the best shade multiplication process
was Method 4(2), the dye water extracted from Turmeric, Pea Flower, Rosella and Sappan dyed
together with color stabilizer with 0.05% Nano-zinc oxide, and Method 3, staining water
extracted from Pea Flower, Roselle and Sappan stained with yellow-orange color from turmeric
dye. This made the cotton yarn obtain the red and yellow values most. The lightness values
(L*) obtained were in the range of 45.73 — 67.64, the red/green values (a*) were in the range of
22.79 - 0.82 whereas the yellow/ blue values (b*) were in the range of 29.88 - 72.49.
The obtained cotton yarn had good properties in light fastness and color fastness to washing.
There was no difference in color yield between the cotton yarn dyed with household process
and the laboratory.

Keywords: Turmeric, Shade, Cotton yarn, Nano zinc oxide
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