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(Fail) Fauanssnnuuuiinidesilunsivaeusaziwinafddnnunsliidnuiinisesiaeuainugndies
Wigensslunmsvhauiuuaaauinudanugeneagldaainnlunsiiuimme Kan1s3enuInasoias sl
ANUAANAAADULUSHUTIEURUNTIABUUABLANAD 0.32% LALLAIDINTIVFDUN A INAENISTMBILUUD AL bubIan

198NINTNITIVADULUULAL 89.84%
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Abstract

The purpose of this research is to construct an automatic kilowatt-hour meter for use in checking
the accuracy and precision of the kilowatt hour meter with higher efficiency. It is convenient, fast and helps
save labor in work. The machine is designed to be used directly on the electric pole by measuring the
electrical quantity and processing it through the Arduino UNO R controller and displaying it on the LCD.
that gives inspection results Pass (Pass) or not (Fail), which is different from the old way that has to be
checked and calculated at the electric utility office, which found that the verification of accuracy in
traditional work was found to be complicated. And it takes a lot of time to calculate the results. The results
showed that the built-in deviance compared to traditional measurements was 0.32% and that the automatic

kilowatt- hour meter verification took 89.84% less time than conventional inspections.

Keywords : Kilowatt- hour meter, Automatic Kilowatt hour meter Checking Machine, Arduino Bord
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using cell immobilization on alginate-loofah reinforcement
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o/ 1
UNANYd
TnUsEaiAraen1snaaes Wemaneimigaulunsudniemuesanniiauaaudniiiemu lagly
Saccharomyces cerevisiae TISTR 5048 Laan3e3Uuudadiunaiuusanglouiu 1neaauwnun1sVAaeIwuy Box-

Benhken design Tawil 3 Uadpusenaunie Usunaieadn3s 5, 10 wag 15% (w/v) Auuduuesiiaalsusiu 180

240 wa 300 ¢/L warUSInainnaastan 4, 8 uae 12 o/L Tnefisuiuwadisusiu 8.70X10° cells/mL nan1s@ny
wui meldanmefivmnyay Aernududuvenina 280 /L de Usinanwadna 5% (wi) aansandnieniuea
19 98.84+ 0.02 ¢/L s WanAnLEVIUDA 1.17+ 0.02 ¢/L.h szaziiailunisvdn 84 h nisAinwiniswanieniuea
wuunzan meldanmzanududuiina 280 (g/L) Usinaueadnss 5% (wA) shmsvsinsanas 4 ne enandudu
loMNUBAgIgA WazHandneuealasisadasegULSaRunelFan e Tivnzay Ao 94.84 + 2.02 niu/Ans uas
1.17 + 0.02 n$w/ans mud1iu 1nsansinwannsoasdldinaneiimansaudenimanenuoalagieadnis
sUvudadunnelfanmenavinuuung AeUinaenududuima 280 (/L) warannsfimnzaudoniandnie
ymusalaeigadeiagluudaiiunngliannenisuinuuungen foviinarinannududu 280 (/L) Uinased

M39 5% (W/V) @nansandnientueala windu 98.84+ 2.02 ¢/L uag 1.17 + 0.02 ¢/L U@
AdAey : D1, wadesegy, nsudnuwuunedn, leuau

Abstract
The objective of this study was to investigate the optimum conditions for ethanol production from
sweet sorghum juice (SSJ) using Saccharomyces cerevisiae strain TISTR 5048 cells immobilized on alginate-
loofah reinforced (ALM). Box-Benhken design experimental method with 3 factors as follows, immobilized

cell content of 5, 10 and 15% (w/v), initial sugar concentrations of 180, 240 and 300 ¢/L, and dried spent
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yeast of 4, 8 and 12 ¢/L with an initial cell concentration of 8.70X 10° cells/ml was investigated. Under the
optimum condition of sugar concentration of 280 g/L, 5% (w/v) of ALM, ethanol concentration was 98.84 +
0.02 /L, the productivity was 1.17 + 0.02 ¢/L.h, and the fermentation duration was 84 h. A repeated batch
was performed under the conditions of 280 (g/L) sugar concentration, 5% (w/v) of ALM and 4 fermentation
batches. The maximum ethanol concentration and volumetric ethanol productivity obtained using ALM
under the optimal conditions were 94.84 + 2.02 ¢/L and 1.17 + 0.02 g¢/L.h, respectively. Its conclude that
the optimum conditions for batch fermentation of ALM was the sugar concentration of 280 (¢/L) and the
optimum conditions for ethanol production by repeated batch with ALM was 280 (g/L) of sugar
concentration, 5% (w/v) of ALM, achieved ethanol concentration of 98.84 + 2.02 ¢/L and productivity of

1.17 £ 0.02 ¢/L.

Keywords : Sweet sorghum, Immobilized cells, Repeated batch fermentation, Loofah

1. uni
enueaduniduwamdnuidsmdmiadend
HEQURRIER Wasmnidundsnuazen awisanan
Tnlle wasiBufinsmefauandeu [1-3] n1ueaause
wagldanTagAuvaissila 1wy Yagivhaindiang
(wu $o8 nnthena mmbwnadn) fanfhainuts
ey Sfud1Ugnds 41l Tunfe) wazdanivinain
anluwaglaa (Wu W1ed1d vwoey dudalne ng
Waendulesn) uenann vsuasdudusnaal 917
W1a121U (Sweet sorghum: Sorghum bicolor (L.)
Moench) 1Junil sluftondsuniadend duuiliud

a

gadmsunisnanieniusaidagaaimnssululssine

Y da o °

ne [4-6] 5@Lf]uifmqﬁuéignmummmquaam%’umi
wAndemAnemuoanszissiureninadinld
wu glasa nglaa uazwgnlaa uazanadnmaidend
Tinandnas [7]
nswanenueanisgmannssulasialuldszuy
\waddasy deddeidenaioUszns Wy Fuvunis
sudunugs uazrandnoviueani (8] teUfuuss
UszAnsnmnisudaeniuea Julinsldnsesaeadsy
fefifoivansuszns wu anrandsswesnisuutiou
¥93993un3didosananumuiniuevadye was
Aanssumaviin Wiusnansgaduansiay tiunanan

LAZHANAALDNIUDA mmsa‘i?’ﬂé’u’muasmmLﬁﬁ&li

vauwad AuansatunisiInguanldivg dadny
nunus oA IR sfui danududugs annisduds
wAnfusitugaine nsundonsadanansduds nis
\Aufvanandndneildine wazdununisudndiiiige
[9-13] mAllAd1a dmSunTesaead Wy n1sgadu
n3inds n19.deuleadnu Wuszlanaud wagnis
vory [12] Tuussnunadamand nsnfagaduy
uaadeNdadiun gnihanldiusgraunsvans 1iesen
wisnlddne seliuns warliduiiv [14] egdlsh
pu Gafitoidounausenis 1wy 198 nsidenanw
anuudansain wazdedidialunisaiemuna [10,13)
uenanil gunsaifidudenlunamisudauaaidon
Sadiun onavilirununswangals [15] levaudadu
Tananluwaglaaainuiu dalvgjuseneuimewaglad
(60%) Ladlwaglad (30%) wavaniiu (10%) [16] feidu

'
aa

il dluasnmusssue AT S Ansawdmiunisnds
wadlun1sdaleniueanisgaannssy leuiulived
ma18UseN15 19U Fuyus AugANaNYsal AL
adsmand anumsugs Auifngs uazlidudie (17)
Ganguly wazAy T1891UIlATIETuarsUsevesly

vavgensluidsuntasneldaniag pH anee (1.1-

v o
=< o [

14) wazaslugamgligadiasilagivaisnssil 121°C
Wuan 20-40 min Tevruwangdmsunisdanizues

Wwaalllosanusenauniglasamvensnguas [11]
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ki dnuIteNAeAnwINISNaAMeNILeala ey

Waansg [11,13,18-19] WANUIINISANYINITHER

a

LUR

'
@ a a

Tevaudadilidunntdn saumsnisussendldiuingaun

q

nuealagltwasgannsesunigluuningoa

U
o

udsinamudalaifinisdne dau n1suszendld
iwadn3eguiaiuussielouiu i endnteviueaann
Y9991y waEnsIanET I saudaen1s
ONLUUNIINAABINIADNALUU Box-Benhken design
Sawihmsanelunuided venanildmsavaey
UszAnsnmniswanemuealagnisminuuunsgilag
THwadeseguuudaiiunaiuuseeloviu iogaim

asuaznsinduanldlniveadnseguil

2. 789 gunsaluaisn1side
2.1 snenugdad nsiseusaduasingau
aeusBadiild Ao S. cerevisiae TISTR 5048 21
aoduideInermansiazialuladususzimalneg
(72.) W3BUOIMITMaY YM Usu1ms 100 mL aslu
Wanasawim 250 mL iWeideadly 1 U uaziluih
nsiwzidsdudiugimunugumgia 30 °C Sasms
U 150 rpm sJuan 18 h andudiedeusuins
30 mL aslue visinas YM USuans 300 mL il
30 °C §m51115MU 150 rpm 1uaan 18 h ntiuth
W oluvinisd i e Annusaseu 12,000 rpm
gamndl 25 °C 1uaa1 10 min wdawlana avane
nrnoulaalasldaisararslsfounanlsn 0.85%
(W/V)

o
v o v v

Y1AUSIHUT 1IN UTUTY (75 °BxX) 71 b9ann

AAIINYLT AUSLNEATAIEANS UPINSITEVDULAY

o a

gnihuldiluingAvlunsndaeniuealunisfinei

wavgniiulifigaumadl -18 °C aunszivldan

2.2 N1SAsYan

v v
] v

Tourudi b tuauid Y aunannnain

P

RLECAD!

09U Tandn
gndindutudndoudn 4 Aiflvuin 15x15x5
mm thlviended 121 °C Wunan 15 min wiel¥lu
N5 wad 61818 e S. cerevisiae TISTR 5048 aslu

a1savanelafansaitum 2% (w/v) NHAUINTUUDS

\wad 13 usud 2 x 10° cells/mL 1wadn3sgnudogly
ansavanewadsasiun ntuthdulsuivudadly
ansazanewansadiun waziluquadluaisazans
0.1 M CaCl, waznauun 9 tJwnan 15 min diwad
n3dludredeindulsaanidefiominlossy Ca?*
dnfunazisadiililifnogoontousiazthluldlunis
NAALDYUDA
2.3 Asudataniuealagigadn3eguuudadiun
wsuusenleleuau Tnedfaanuuun1snaasauuy
Box-Benhken design

1599NLUUNITNAABILUY Box-Benhken design
TaelglUusunsy Design-Expert 7.0 Demo version
(STATEASE Inc., Minneapolis, USA) WeAnwangi
wnzausenssinenuea dwsuladedldlunisna
uHUNIINAaeedl 3 Jady Usenaumiy Usunausaanss
5,10 Az 15% (WA) AT T uYesuIn1aLs udy
180, 240 wag 300 ¢/L wazUsurunnwaadas 4 8

uay 12 ¢/L FIUHUNITVIAADIAUANTIUNITI9N 1

A15199 1 LRUNISNAABILABITNISNAABILUY Box-

Benhken design

Run A: Cell % B: Sugar C: Dried cell yeast

(w/v) (g/L) (g/L)
1 15.00 240.00 4.00
2 10.00 240.00 8.00
3 10.00 240.00 8.00
4 5.00 180.00 8.00
5 5.00 300.00 8.00
6 15.00 300.00 8.00
7 10.00 300.00 12.00
8 5.00 240.00 4.00
9 5.00 240.00 12.00
10 15.00 240.00 12.00
11 10.00 180.00 4.00
12 10.00 240.00 8.00
13 10.00 180.00 12.00
14 10.00 240.00 8.00
15 15.00 180.00 8.00
16 10.00 300.00 4.00
17 10.00 240.00 8.00

WIBNIMITEASHAMEVINEAN T1UNT 1IN

Wuwnasasueu eelrdanududuresiiniasudy
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180, 240 uaz 300 /L 91NYUUTTI01MTIUUTIINS
150 mL aslunainduuin 250 mL Uandgandauas
Unstuswogiideuasss dluduiofioungd
110 °C tfuaan 28 min Asbibulugareite anniu
Winadasaguasluyssann 5, 10 uag 15 % (wAv) Un
wanaride Air lock Aithlumnzidsduguuuuumuny
gaungfl 30 °C shnsiftudogaintnnng 12 h 1
1381 84 h MUAITIUNUNTTNARRdlagdsN1TBaNULUY
AN3MAABILUY Box-Benhken design 1thsaesdilély
Resimaingg SaiekesitoyauasUIouitoy
ANUNTUYDIENILEA KalfeVIUea 8RTINTHER
WOVLDALLLAAZANTILYDINTNIZLALN
2.4 nswAneuaaluntvsinuuunggantag
Wrenulagiwadn3eguuudadiuaaiuuseiaele
Vel
UTIOINIGAIHANEUEAT Aug LT
vuduuvasaifueu (EP medium) aneldaniied
wingaunn1svdnuuung U3u1as 150 me asly

Wandvuim 250 mL Yasauand1dwazUariueae

'
a

ogdiflonviassd inludssidefigungd 110 °C 1u
a7 28 min Aslifu MntuiueadnIagUUTIN
5 9% (w/v) tluimgidsslud Unuuuauauaumgd
30 °C ynsifiudedsimdfndunamn 12 hifu
1381 84 h Lﬁamwﬂﬂ??uqm aethmiinean vhnsdng
waanisgUlagldarsazatelufiounaonlsd 0.85 %
(W) TUaemio mﬂ‘ifudwwjaﬁm?agw%mm 5%
(w/v) vinsumintungmsly auATUTIUIU 4 Ny Lazih
Frogailaliinszihmanamn wazaududue
U
2.5 33MFIATIZH
FBnsmuradvesdadiidinlaeisnsiu
lnensalagld Hemacytometer wagdousmeluiiauug
dmsulgaanis dgaanse 10 n5u Urunazaslu
Triesluifeudimsn 0.05 M aufiesuielng Banerak
et al. [13] Msifusueadifidin neldnisdoudae
Luﬁﬁuuqmmﬁﬂaﬁﬂiﬁawﬁﬂﬁy N153LATIERAL
Wudweniuea Ingldin3esfalasulans il (Gas

chromatography) GC-2014 U3¥% Shimadzu Ussine

Ju Aelulsaudufnenne gumgiidumiedidn
@13 (Injector) 150 °C Aaauil (Column): Rtx-Wax 984
UM Restex A2118717 30 m YUIALHUHIUAUENAN
a18lu 0.25 mm qquﬁ‘uaﬂﬁ’mmﬁﬁjm (Detector)
180 °C an2glunnsiiaszsd gaumgfiTudud 40 °C
dunan 1 min ndsandud ugungddedns

10 °C/min udiagamini 70 °C

3. NANIINAADY
3.1 nsuaneueanInauddudialng
wasnsgUuudaduaEEausiglaulu
HANISANWIAN1IET LAy (AN5197 2) wud
A uTuvesinals udu 180 ¢/L @1u1sanan
renuaaliaglugas 48.00 - 62.00 ¢/L uaziilatiiy
anudiduresmauduu 260 ¢/l wudn awnsa
wAmLeUeADgluTIs 50.80-74.58 o/ Woanudiudy
maﬁ%maﬁmﬁuqﬁmﬂu 300 ¢/L WU @1U1S0KER
euealaegluyie 59.38-80.90 ¢/L AMNKANTVIAGBN
wansliiduinanududududuvenimaiinasey
dutureaonuea lnsnuindotniaiiudugedy
AUt uveeniuoadfwualdud ud uniy

AOAARDINUTIEIUTDY Laopaiboon et al. [20] WU

oAUt uYaIdIn1aann 18°Bx 1y 24°Bx
ilirnududuvesomuealinduain 73.57 /L \Ju
100.37 g/L wlesnnidumsiiinduiasalunisiaeuly
=4
WuLeanuea

Vil BN INTUINAVRIUSUIUNINLTRA B @F WU

USuunmneaadad 4 ¢/L anunsonaneyiuealaag

kY
3

Tuting 52.36- 72.30 /L wasid oriuuTununiniead
gadilu 8 /L wudn aunsandaieniusasyluyie
48.00-80.00 ¢/L il ovit a3 uraun nad Sasiiu
12 /L wudn anunsandanieniueala oy luyas
56.00-80.90 ¢/L A1NWaNINAABILEAIILAUITUI A
NNLEAd SaRdNanANTNTUTRLENIUDE TABNUT
dousnamnuadiaigedu anududuveseniuea
Aiuuilifistunu edrdlsfinng Wofinnsamaves

USunaunnwaddansiuiuanuitudureainmas iy
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wldenAaeIny Ao WaliuANULINTUTRIIAIaLAY
USuuninwaddad auisandnieniuealagaiu
AaAARBINUNUITYVBY Sridee et al. [21] NMSLANAIN

WARTES @UNTAANNISHAMBNIUDALALANTU

M19199 2 N1smaneTimEzanlunIzuIuNITHER
wn1ueadndIAuaIRut I mUlagwadns gy

YU URLESULIIAE U

run A: cell B: sugar C: Dried cell D: Ethanol

% (w/v) (¢/ L) yeast (g/L) Conc. (g/L)
1 15.00 240.00 4.00 52.34
2 10.00 240.00 8.00 51.90
3 10.00 240.00 8.00 58.48
4 5.00 180.00 8.00 62.00
5 5.00 300.00 8.00 80.00
6 15.00 300.00 8.00 59.38
7 10.00 300.00 12.00 80.90
8 5.00 240.00 4.00 68.96
9 5.00 240.00 12.00 63.40
10 15.00 240.00 12.00 74.58
11 10.00 180.00 4.00 60.28
12 10.00 240.00 8.00 50.80
13 10.00 180.00 12.00 56.00
14 10.00 240.00 8.00 63.84
15 15.00 180.00 8.00 48.00
16 10.00 300.00 4.00 72.30
17 10.00 240.00 8.00 58.00

INNANITILATITIANLUSUTINEINITAUIAN
SuUsEanENTRme S LRaYaN1IENSHANLEN BRI N
A ugfut1avmulaeeadndagUuusaiiun
w@sunsenelouiu wazanulanaseg 19l dudfey
Wanadrsaunisiiieldlunsnensainnnududuves
Wwnuea (m15197 3) azldauduiusseuinsaiy
Wutuveseniuea setlasedifinasonisndnieniuea
i1 3 Yado Faldun USunauwadasa (%) vinnadudy
(g/L) USunauniniead 8aet (g/L) annan1ienisuandi
wanenafule wazAnduussans nsmandulseans

ABUY19g (R) ¥8IN150AN08UBILUUTIABIT19AY

(0.9545) U937 95.45% V89ANULUTUVBIL0N1UDA

au1snasunglamelUUTIaeIas 197U

15199 3 N153LAS1ERAINNLUSUSIUYRIUS U1
LOVUBA PUNTTUIUNISHAMLDNIUBAIINUIAUSIAY

1139191 Inewadnsaguuudadiunatusigussly

Tovau
Sum of df Mean F P value
Square Square  value  Prob>F
Model 2982.40 9 331.38 3.73 0.0484
A-inoculum  187.70 1 187.70 2.11 0.1896
B-sugar 1052.26 1 1052.2 11.83  0.0108
conc.
C-DSY 941.78 1 941.78 10.59  0.0140
AB 7.29 1 7.29 0.082 0.7829
AC 40.64 1 40.64 0.46 0.5207
BC 5.88 1 5.88 0.066 0.8044
AZ 45.56 1 45.56 0.51 0.4973
BZ 704.54 1 704.54 792 0.0260
c 22.80 1 2280 0.26  0.6281
Residual 622.40 7 88.91
Pure Error 100.50 4 25.13
Cor Total 3604.80 16

Y= +56.60-5.01A + 8.29B + 2.63C - 1.66AB
+6.95AC +3.22BC +1.60A” + 4.15B° + 6.62C° (1)

o Y = mnudutureseniuea ¢/L
A = USnaueadns (%)
B = WmalsuAuy (g/L)

C = Ysuaunnwaddad (g/L)

AMMET A0 UT 100 UAUILARINATD
W1318m8sr197 sioUTunaentuea tnelwadn3agy
vusadluaasuusIneleuau (E‘Uﬁ' 1) nuInusuna
levueaiiultufiuinnduiennududuihanauiy
qﬁu anmefimunzanlunisndneniusansu3uim
YinaBudu 280 o/L wazUSunanwadnda 5% (wa) 16

USunaeniueaminnu 72 o/L Tuvaed Usunueaa
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I3

#

f59 kasUSuruninwaadas bUdNanenINUT LY

LBVIUBDA

8
g
g
&
=
c
£
3
2000 e T
B: sugar concentration "'W“TM--’ T A cells concentration
“l
§ v
g
$
§
o
g
£
<
120 00
C: dry spent yeast 0% B sugar concentration
P aa &g da
5UN 1 ANETUTAVDINUNKNINDUAUDILAAINAY DY

v

W15dwes deuTutaeniuea lnslain3aguuudad

WaLESULIInelauIu

3.2 MsnamemueanIntAuEdudh v ulng
wadnsagUuusalunistuussdaslouauuuungdn
AsHameMueaIInId e Tag
AsnnLuUnEEsIuIY 4 seu Tneldiwadnses
S. cerevisiae TISTR 5048 HATOINTHAALDNUDALUY
ﬂsegﬂmalﬂmém?ﬂgﬂ LLamﬂugUﬁ 2 Tnganuiduduyes
dhmaisugy 280 ¢/L nanisAnwmudn avit 1 waz 2
ANTONARLENIUOALAANUTUTUIBLONIUBA LAY
FRIINANAN LY11AU 86.06+ 0.24 ¢/ §NTINIINEGN
1.02+ 0.04 ¢/L.h wag 81.94+0.04 g/L 9MIINITHEN
0.97+0.04 ¢/L.h audsu waznzdi 4 ldanududu
Y9LONIUDA LVINAU 98.10+ 2.02 ¢/L 8ATINITNAN
1.17+ 0.02 ¢/L.h Tuszwziian nsusln 84 h nsfinwd
Aount1iilng Ogbonna et al. [15] 51691UILBaGH

AsauuNasnleuIUlANULED 8SUaIINNNSUEN N
1LANINNTT 35 SOV LAYNISHARLENIUDABE19A DL B

11nn31 500 h egldglasanzanniaaduingiv

137

12000 -

10000

(&)

8000 -

6000 4

4000 -

.

mﬁmiuwumnwmmwwuaa

2000 -

000 7
0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 384 408

*+— T T T 1

van (h)

JUN 2 Yunawemuealuszninamsvidnieviueauuy

o

VT1UIUY

9
o

nEe 4 59U INUIAUAIAUT NI Tag

wannsegUuudadiuniasuusaiieleuy

HAINNITIATIZINITANYINITNLNLONIUD AU
n¥ uaTLUUNEEINAUEF Ut ulneLad
p3aguuusadiuniiaiuussnelouau wuirlunsusin
wuung finnududurenimaisudu 280 o/L Usua
WAaRN3 9 5% (w/v) @aunsananteniuealaiviiu

98.84+ 2.02 ¢/L dnsmanan 1.17+ 0.02 ¢/L.h luvay

.q

ANISPTNRUUNELT WUINEIUITOREALONIUDA bR

v '
o

NIMUATIUIY 4 Soulianuuanaeiu gelunisudinng
7i 1 awnsandaonueawiniu 86.06= 0.04 /L §as1
nawdn 1.02+ 0.02 g/L.h szuziianlunisndn 84 h
waslunedt 2 way 3 Usinanevnueaiiuunldudifiuay
Femnududuvenemuealdgeanlungd 4 fiau
NI UVDIONIUDAAD 98.84+ 2.02 ¢/L ST INANEAR
1.17+ 0.02 ¢/L.h iothanuSsudisuiiu Rattanapan
et al. [22] AnwinsuanlemueaaInnIsnIugaalagly
Felvududangs Ine S cerevisiae M30 Tunsnsin
wuungldlovnueagean 98.84 ¢/L inmuituduves
thaaidusiu 280 ¢/l Fageninisliisaddass 11.5 %
Tuvaugfinsninuuuieng nuiieadaiednsdiaung
w1 i avhnsndndiuau 4 seu Tagldleniusa
88.1-77.6 o/L lunsuiinuuuseifiedlddnsinisuda
lovuBagega 19.0 ¢/Lh Aty 52.8 ¢/L 7i8ns1
NM5139914 0.36 h! wanslifiudninnsuaneniuea
mmfﬂﬁguﬁnﬁwﬁmi\mmmimL%aém'%agﬂuuﬁa?numﬁ
@sunsesgleuiu @usandneniuealannunisiy

1Y)

Tanesuaadaue
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4. unasy
nsuantemueanniauddud iy Tne
nsnssgadsuuusadiuaasuateusslulouviu ns
winuuung anmefivanzaude anududureniana
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Abstract

Due to the problem of low prices for agricultural products, which is the number one issue for
farmers who produce agricultural products, including the issue of pineapples that develop in excess during
the harvest season, the income of farmers is negatively impacted. By transforming agricultural products into
food, processing can prevent an oversupply of fresh produce and increase the value of agricultural products.
Currently, the pineapple and herb processing community enterprise group of Sang Kham has processed
pineapple and herbs for sale in nearby areas. The packaging utilized by community enterprises is insufficient
for long-distance transport and inconvenient for storage. Additionally, some processed products lack
packaging designs, and their logos lack an individuality that attracts consumers. Therefore, the researchers
suggested that the Sang Kham pineapples community enterprise group process herbs to design and develop
new logos and packaging to attract consumers in a unique way.

After collecting data on community identity, data on processed pineapple products, and
summarizing questionnaires on the needs of entrepreneurs' and consumers regarding the development of
unique packaging, the data were analyzed to draw conclusions regarding the use of community identity
concepts in the design of logos and packaging for processed pineapple products. The researchers used the
pineapple as a design concept, interpreting its shape as a packaging feature. Including incorporating the
colors of pineapples into packaging design patterns. The logo features pineapples and natural bamboo, a
representation of the Nang Lae identity. The Sang Kham pineapple and herbal processing community
enterprise group requests that the researcher create packaging for pineapple crackers, pineapple paste

mixed with ginger, and ginger powder.
Keywords: logo, Packaging, Processed products, Nang Lae pineapple
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s 0 10 20 waz 30 ndu wuisinauiiiuiivguun Suadeideduiavessanfasiniuln fuiled
nafuUsinauteiuisgundndu shldmiulmdamuudaiaty anmsmesoumedulssamduda
wuiwdafusiviiulanasuudeiiufivguun 10 a3 Wugesiuslnrsensuinniigaiinzuuuauveylag s
Wity 7.26 wAndusiviiulmdidnuasidedudayy Sanudaveu Ahniagou nduneuseuredniiuiiuyuun
wazdlnauAmialasuinisgs Usenaudie arslulanse Loy indeus WUsiu Wule uagaisusznauiluefings
FawAnsnurmiulnnnuiandiaduutidniuiingun 10 ndu St 30.38 % sy 7.26 % Tusfu 7.90 %
i 2.59 % Usunudule 0.24 % anslulainsn 47.63% uasUSuauiluedngsdia 405.88 mg GAE/100 g Ua9#0E1e

wazilAd L* a* b* winfiu 64.44 5.56 way 14.75 muannu
AndnAsy : vistulad, wlatna, Trviuiiugsum

Abstract
The objective of this study was to develop a nutritious steam bun (mantou) product from a
mixture of Tubtim Chumpae rice flour and to be a guideline for the development of processed products
from Thai rice. To study the appropriate amount of Tubtim chumphae rice flour supplemented with in
steam bun (mantou) products. The study of supplymented with 0, 10, 20, 30 grams of Tubtim chumphae
rice flour found that the amount of Tubtim Chumphae rice flour affected the texture of steam bun (mantou)

products. Tubtim Chum Pae rice flour was added increased the steam bun (mantou) had more hardness.
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From the sensory evaluation, it was found that 10 ¢, had overall accepted score of 7.26 were flexible, light

brown color, and had a mild aroma of Tubtim Chumphae rice. Including high nutritional value, consisting

of carbohydrates, fats, minerals, proteins, fibers, and high phenolic compounds. 10 grams of steam bun

(mantou) from wheat flour supplemented with Tubtim Chumpae rice flour had 34.38% moisture content,

7.26% protein, 7.90% fat, 2.59% ash, 0.24% fiber content, 47.63% carbohydrates and phenolic content

were high as 405.88 mg GAE/100g sample. The color values of L* a* b* were 64.44, 556 and 14.75,

respectively.

Keywords : Steamed Bun (Mantou), Rice Flour, Tubtim Chumpae Rice Flour
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ufeensuaulasenled (CO,) Aignuanduluszuing
nszuINMTnnlagdannIenay Fadulpssadeves
nansaueigramiondulan wazlnasziu (gliadin)

a = @ =

WJulusfunigaelingmudaud® adquaziiniy

v '
N 1 v o A

gangu AnluiloUTunaeanladnaviuiiuguuniiiugin

q
v

Ju p1adwaseNsinnsTINIvedUsAUNgIMduLay
lnaszautdungiaui liudauss i eifisudugns
1n3g1u (Whiand)  Geazdnarilinnsueneduazin
viudw Co, 1innelulassasalaanaslusgniig
nszuIuMsvsin [19] wandusivshlaaildds fdnvue
wishuunndrelimuseninAsuasienudanguiion
a9nAd N UNUITEVDY AN yay [20] Zhu wag Sun
[21] Cao wazAME [22) war Sun WazAnie [23] WUl
msnaunuutlednalsdiued (10-30%) mstaduudety
AR (5-50%) n13naunud 1oL s ur s
(10 - 50%) wagmavaunuutandmendaayni1iand
(3 - 129%) MAndu Tuadednvuziidoduiaves
wanSasiniulon Ao Saanuudafiudu Arnsinig
sty AmudennAbnazeinnudavdudaanas

WalUTeuimeuiugnsunsgu (wdand)
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3.2 uan1snagaunNUsEamiulavasduslnasa
wanAusivsuTaaasaudsdiuiinguum
nsUszilua A NI 1uUsEaINd U aves
Juslansendndasimsiulonasundadiuiiuguun
NRUaNYLUIINg WU lddauuans1aiunig
adif (p>0.05) g5 Ifudadsiuiinguumasuly
wanSarimiuladlutiin 0, 10, 20 uay 30 nfu dan
AYLULLAABIVINT 6.20, 6.86, 6.83 WAy 6.63 AUAIU
Fsoglusziureuidniies idesannsiiansandnuay
Us1ng Tneshlugmaaeuduagfiansanvuin 3Use @
vosudnfuailuidosdu 990307 1 wanslsfifud
SnwazusnguesHanfusildogsdnau Ssaguiulsi
wanSaiiaTuutsiniuisguunagfazuuumagiu
SnwairUsinggeningasiidianizudeand Jeenaidy
Fnwuzusinglududd wanlvddwmiundnduel

UL

a

N15UTEduAMNAINN A UUSEAMEUR AN 199 UE
WU ANLANA 19 UB e 1T a1 A YN 19aa f
(p<0.05) gasiildudetniufinyuumaiulundniai
wiulanluuSuna 0, 10, 20 wag 30 n¥u dA1AzLUY
WA sAnuveUsUAnAU 5.20, 6.90, 6.93 LAz 6.03
udiy Geegluszivias 4 fweuidnties Tnsazuuy
lasanuveusudveansulangasi 1 (Wlsand)
fazuuundssudmianawindu 5.20 iesanmsiasy
wstrtufinguunlutiinaiifuanndu duayilia
voansulanudsuudasididuaoulumsduasuns
desanudadsiuiinguun dsaningiididny fe
waulnleedu (anthocyanin) Wuanslidsiie-unalal
dermunszuaunsuUssUliuuteililaduudsis
Snwardunss ouildudveadriiufiuyuun udein
viufuguundsdididuniidveandsand dadunayinli

@

nsUsgliunun e udveNandauislAuansn iy

A13197 2 NaNSANIANwUEnINIeAmveITulaaTuu T UL YL

Usanaudadrmiviinguuniesulundadueiniulan (nsy)

ANWUZNINIYATN
0 10 20 30
L 78.00° +0.56 64.44° +2.24 60.73° +0.54 60.09 © +0.95
3 1.48° £0.40 5.56"° +1.28 7.30° +0.42 7.46° +0.56
b 18.76° +0.32 14.75° +3.39 14.56° +1.33 13.71° +1.15
Hardness (N) 3.98° +1.20 4.34° +0.69 4.66°° +0.19 5.74° +0.19
Cohesiveness 0.71°+0.63 0.72° +0.17 0.69% +0.14 0.64°+0.22
Springiness ™ (mm) 10.98+3.41 9.37+0.13 10.03+2.41 8.62+0.22
Chewiness (m)J) 55.90°+3.78 45.65"+1.23 41.30° +6.67 29.64“+5.67

PRy} Y -

wnew : Anedeniddnusiduuansiuluunideriuiansinfinnuwanssiuegsdidudfyniadianseauainudodu 95 %

@

ns vneds lupeduiifenfusansinlifinnuwnnsaiusgeiveddunsadifsesuainudatiu 95 %

N15UsTLUAMAINNIA U TEA A NN AN 19R 1Y

o w

nau wundauLenaeAueE Nl Ted Ay NINEd @

a

[

(p<0.05) gasildutistniuiinguuneaalundn s
nifulaaluusuna 0, 10, 20 wag 30 n3u dAadey
AMNTBUAIUNA UYINAY 5.10, 6.46, 5.96, UL 6.10
pwddu Jaogluszduiae 9 feweuidndes gasi

AzluulRdgrunduveImiulalgaiianfe gasi 2

o

(gasiasumeudeliuiiuguun 10 nsu)  dAzuuu
ANUYDURALLYINU 6.46 gashllaviunRfenUYaU

ANuYBUAUNAWINNgafe ansi 1 (Wland) davuuu

'
=

WABANYBY WU 5.10 Bamsiasunlatnviuiiugy
wnilalusnunduveadnduaiiniu Wnaidunduves
T1mean Fenuundndadueignanlmsendiladned

naundnesu 9 MARINNTYINNUYDITERLUTENIN
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nsuiinlavesudsard nsaSuwdetiufiuguun
ﬁ]1ﬂmiﬁ'lﬂi’fnﬁuﬁm;mwﬁﬁwmﬁwLL{]ﬁ lisnun1stnd
Fildiunsindasisonittindes Wedududn
ndo1 azdnduneuiduendnualvedies Inamy
WANAI9AINT A UNS 8T TINIUN1STRA LS Fevile
nAnSTsiAeassunauTiunns1eiY [5,6]
n1sUsELliuAUN NI U TEaNFUNAGUTAYA
WUIIHAINUANA 1A U Y 19T Wed1Ayn19ad i

o

HEUN

a

(p<0.05) gasildutistnaviuiinguunasalundn
nifulaaluusuna 0, 10, 20 wag 30 n3u deAade
AUYDUNNANUTAYIR LU 6.90, 6.96, 6.06, hay
6.16 mudiy Fegluszdvveuidniion grsfifiazuuu
lAuAuTeUUTATIAgsTignfe gnsil 2 (gnsillasy
sheutadauiinguun 10 nfa) Sazuuuiadewiniu
6.96 3laiumnsinaangasi 1 (Wsand) Fewudnns
wsuudetviufiuguunluinaiifiaanniy vild
AZKUUANLYBUAUTAV IRV INAR A luunliianas
Ferenndeaiuisnun1Titevessdnuasany [24)
AlgAnwnsliudedrmaunuutisandlundn fousidn
wazand lneseuindenauutisiniuutsaduie
wiadnviliniseensulunmnmadndasiidnansiag
mudmsnsiuutidndloyssiiulasisussamduda
FeonrainarnanuduinsvesuilaadesayiAves
wandeifildutsandidundnisiliazuuumsey
Fusanfanandonaunuudsandsoutsing daly
nstasuudadnviviivguun lugasd 2 @nsiaduse

P

udadaufinguun 10 n3u) WulSunadivnzaud
Juslnagousuinniign Jwvilinaniasiddnvasiey
mw’ﬁuiasmamﬂﬁqm (5,6]
N3UsELUAMAINMIIA N TEAMANRaN19R 1Y
AU nuBdanuuaneeiueg1aitudfynieada
(p<0.05) gmsildutistrivfinyuumaialundafus
wifulaaluuiunm 0, 10, 20 wag 30 nsu dAadY

ANUYDUAUANNYLLYINGU 7.13, 6.96, 6.83, WAz 6.63
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puddy Feogluszduveuidniiosiawoudiunans
qjmﬁﬁﬂxLLuuLa?{aﬁﬁumwm@qaﬁqmﬁa qmﬁ 1 (il
ad) faguuunuYouLRd BIindy 7.13 uazgasil 2
(gnsiasusoudadniufinguun 10 nfa) fazuuy
AUTOULRE 8LV AU 6.96 LT 89a1nLT 914 3
druUsznaufiuanaeanutsedngu Ao ngLAu R

& s

° v A g o v o
nawiuazvimihfdudunufigansueulasenlealy vh

P

TAAnlATI5 1990 9NARA U N1

@

Ayt a7 U9 1D

o

uildldsumnuoudisoumalisefuiiAneaalus awvi
Tidaudmesiufisdu anuldiudsanfiAaaai
lurineuudaiuiuguun uladdufanisnesdiiuas
uandaveadaudaldisuiiunnniuteiniuiuguund
fidnuvazenuaziBeaveniloutlsiitosniuteand vh
Tgnsil 1 (Wlsand) fanuyuannningasiiaiusie
wladnadnafiuyuun [5,6]
dmSunsianTanAIAzkuNANNYOULAETIN VR
vaasuTL wuin gast 2 asuisutedniuiinguumn
10 n$u Tazuuulad svosnuvoulngsIngInin
F9819AIUA (A5 1) uazgnsdu o Feildniade
AzuuuANLYeUlnTImIAY 7.26 Feeglussiuveu
Uhunans Tngifleinnsanazuuuadanuveulusiiy

o

au 9 Tunudn nsisuwledniuiugaunlussduigs

1% [

il AzluuaIureua1ud U duullduanadnig

'
' 1Y =

Wudu  Fenzuuunisseniulaesaniaenndosty
NUITBIRIgNYY [25] lasreuiariaziuunig
gousunandariviiulninaunuudsandunsdiudoe
udednomendia 10% uaz 20% gsninansiasivy
Targmsmvaudsiunmsasuutedniviuguunly
Usuna 10 nsu Seduasiondnuveulnesiu iile
Wisuiisuiugasutatinand (gasi 1) e
wanfasivsiulafifdulsenevveaudsiufinguunly
donlindnsusifanuagia  deduuasdndusad
VoNsaY 9 VBITIWUALYIUN  FaUANAI991NGAS

AIUANgawland
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s £%

M19199 3 NFIATIRRAINIUUTEadNRave mdulauaSuu st iuiuguwn

q

anwaznIUsTaMAURE

Usanaudadrmiviinguuniesulundadaeiniulan (n5y)

0 10 20 30
anwazUsing ™ 6.20+1.95 6.86+1.54 6.83+1.23 6.63+1.29

a 5.20°+2.32 6.90°+1.42 6.93°+1.31 6.03°+1.42
ndu 5.10°+2.09 6.46°+1.16 5.96°+1.24 6.10°+1.15
Y 6.90°+1.06 6.96 °+1.56 6.06 °+1.77 6.16 °+1.57
AU 7.13°£1.33 6.96°+1.37 6.00°+1.66 6.16 °+1.59
AL ULAET 6.36 °+1.60 7.26°+1.41 6.46 °+1.45 6.40°+1.32

mnewe) : Adendfmsnysmivwndiiuluunifertuansinfinnuuanesiuegeldoddymatnnge

Ry}

AUAIILLTDIU 95 %

o

= IR A~} ' 1 v | Aw o W aad o =
ns NUNYEN IUﬂ@ﬁlJULﬂEJ’Jﬂuuﬁﬂﬁ’]’]thJﬂ'J’mLLG]ﬂWNﬂ‘LJE]EJ’]\?SJUEJﬁ']ﬂZUyW’NﬁﬂGWﬁB UANULLBUU 95 %

(n) (%)

(M) (q)

JUN 1 w@ndueindulons 4 gas () ansit 1 wdednand () gnsi 2 wsundadndivfinguun 10 n3y

(A) amsi 3 tesuudednaviuiuguun 20 N3 wag (1) gnsi 4 weuudednviuiiugaun 30 Sy

3.3 NAN193LATIZYRAUSENBUNIUAT YR UlaD
wsudITUTIN YU
31NN15ATILUAUANTANIINITNIBAINUALNS
NAAOUNNAUUTEAMALNE LoARIENgRSNIMzaY
ngalunsimuiadndasiviulouasuudsinviviugy
wi Fanudnmsiasunlatiuiuguunludsunn 10
o oA o = 9 1%
nfuvsegnsil 2 dazuuun1sgousulngsIunIan 1

o
o o

Uszamdudageian Lazmiunslinuaudaniwiuile

LYY

duialndlAesiugnsi 1 Wdsand) ala

o

WIIATIEN
meadUsznoumanil Wsuiflsutugnsil 1 (uwilsend)
KAN1INAABILARIAIAITINT 4 UTunmauduuay
Uhinalusfuromdulawisansgns lddanuumnsng
Funsadid (p>0.05) wanfusinsiulangnsd 1 (uil

a1d) uargnin 2 (aSuwdeiviiuguunlulIum 10

ASH) AUTUWINAY 33.92 way 34.38 % A1UAIRU

Fandndariniulandulaeniulosdaeglulszunmves

=

vuudslown Mnstaieliudegn Favilidvsunan

AduEs JsUsinaenududueivdiauiinaii

v v
P = v o

fogluemsdadnadesand 1l edudauazinin
AaoAIUDILNITAUTNYIVEI01MTA Y [13] d9u
Usinalusauvessdndasiviiulongnsi 1 (uand)
nazgnsi 2 (asuudaiufinguunluy3ana 10 n3u)

@

Anu 7.01 wag 7.26 % anuaau JeUsSunalusau

a

vomanfngagnslifanuwaneaiu iWewningiu
nanfldlunisudsyunduladfendeand lnedsieau
awv o 9 a = = %
n1533eieItulTInalysAureudsadnianisan
(151919) WuNAUsAWIIAY 10.26 % uazudatview

UrAATUSAUWMNAY 6.82% [26] Fan1seasundad1n
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@

uinguunluyTuia 10 nsu wazudatdlusius

niwteand nswauutadnviuiuguundaldfinasivla

Ysunalusiuvemdndneivduloinsasgasunneie

o

1y
Usunananwasusunalasiy nunianunansienu

D HTEdAYN19EDA (p< 0.05) TananS g ndulan

a ¥

g 1 (wdeand) SUTunauen 2.67 % uaggnsi 2

(aFuwdstnivfnguunluyTuna 10 ndu) JUTum

1%

101 2.59 % LL68U%3J’]EUVL‘U£IJUSUE]\‘IQG]§ﬁ 1 ey ’sj‘(ﬂiﬁ 2

o

AU 10.50% Wag 7.90% A1Ua1nu J9dennaed

89U TITevesginTuazame [26] lnasuiuds

a1asusunaud wavusunaledugeniiudedny datu

|

nanA It ulaINTanzdsd1aaadusunanaway

Tudfugenimdulagasiasuudadnaiuiuguun

nansiaTgiUinandulevewdnfusiviulan
WU AULANAINA UDE WA UBANAYNI9ad R (p<
0.05) Tnognsi tasuudsdsiufiugauun 10 nfu
fUsinandulowintu 0.24 Faganin gasd 1 (ulsand)

a

JUsunandulawiniu 0.16 % Fensiasuwdesdniuiy
guumdluiuiadunsiiudiuadulemuuiniy
| ] Yo & v A A 1% v a

agraiulatn  FaduleAeinuluwlatiiuiiuguwn
& | A v & alf va = " o

Wudiwvendeuudanlnd deluriunisdndosn
Sunais1enuUssuiisusErIneUsunandula ol
Jrveunzd Fadudnvnn fuusunandulennuluwls
a18119n15A1 Fanudn wdsdnfivsunanduleganin

wleand [20,26]

M19199 4 sadusznaumaalivewdnduniulovasundsiniuiuguwn

YsuaudsdaivisguunieEulundadaeiniulan (n5y)

a9aUsEnauMaAll (%)

0 10
ATy ™ 33.92+0.25 34.38+0.99
fay 2.67°+0.00 2.59° +0.01
TUshiu ™ 7.01+0.20 7.26+0.14
Tosiy 10.50° +1.12 7.90° £0.09
wduly 0.16° +0.04 0.24° +0.00
Aslulamsa™ 46.19+1.12 47.63+0.73

Total Phenolic (mg GAE/100g sample)

77.45° +16.98

405.88% +14.70

o

' a Ao
VYL @ ALRAENNAN

SnwsinukansteauluLaReITULERIITANULANANS WD 98

o

vdAyMsanAnszAuAULToRU 95 %

Ry Y

ns vanene Tumeduiineniusansinlifinuusnsnaiusdelitedrdmsadinseauanuiatiu 95 %

dmfumamnsUsnaesiulawmsalagisnisAuan
Tneuang (by difference) wuanUsunaudarnaiuiiy
guunitaSudluuiuna 10 nfulidsmaliiinniny
wAnNA19veIUTINaAIs Ul Ta luNdni el (p>0.05)
Fagnsit 1 (wleend) fvFamslulense 46.19 %
wazgnsdt 2 (ta3uudsdniuiingaunludiunm 10

n3y) Usunauansiulawnse 47.63 %
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1

NANISILASIERUS U UAISHUBA NN INUAVD S

a v 13

nAn S s vaiulon nudifadnuuansiatueg 1l
Yudrdgneadia (p<0.05) lnvgasatuauiuuim
ansTiuedn Wi 77.45 mgGAE/100g vasiiegn 3
fosningasiasuseoutiedniuiinguunlaeiiviinm
a13Wuedn WU 405.88 mMgGAE/100g 183619874

Wesantnviviinguuniauaudfianizae dusun
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ansiluedngs (4] Weasulundndusinduladduia
AYUWHNF19DE19Y ALY ?juﬂumnﬁu@mmmamms

NAIINLAY LATHANULANAIINNTIBINANAN LU T

Y

WJudsglonilunisuigesnnmeliuduse Jesiulsa
wardusuaiuedn anliusem IATUD wazwnun
polsyueageINaligrslunis dueyuadasyas 9y

o a‘ < 3
ANDRNTILFYINTUUNLLIS

4. d3UNan1INnaDg
wifstavuRvguunUsenaudisatsoongns n1g
Fanmiiddey Wy ansusznaufiuedn %nﬁﬂ%mmqa
niluudleimand Wenudnunzdveadovemsiulon
ieuudaiufmuun wudh fafdunimiulanainuds

U a

aduissegnafion iesmnudeivivgsumn drviudiu
yuundnoglungudmdnd i esuwdadany
Wugnssu Sedamasiedvesmdndnsiviiulad msuda
Priuiuguumniaudunde Susindulaud ol
AuAmMElAgINISeRIEMTETILadTIUTL Yaun
vilnlenandnsivsiulanguuuulvl Tnemsularfiesy
seutiirvufiguuwluiina 10 3y dmduland
SnuurUIINGFUI-UAIMIUTTTUYIA Uazd Ay
asuavevedd fndusain uasdnumziedulays Tl
wilomeudanszdng saurtedsdiviuaasfiuedn
Thavun Lﬁuqaﬁuaﬂwqﬁﬁaﬁwﬁ@mmﬁa (p < 0.05) iile
Wisuiisuiugasutetnandilidnsasuudadn
sufiuguun dsdumaesudsutdmiuisguunly
wanfusivsiulordaduuuimmidunsfiuyadima

Tnrunsiaensiivansiusantvnundndusindulan

5. 1NA191984

[1] Ministry of Agriculture and Cooperatives. “Thai
Agricultural ~ Standards:  Thai Colored Rice

Standard No. TAS 4006 - 2017”, Office of

Standards National agricultural products and

food Ministry of Agriculture and Cooperatives.

2017 (in Thai).

[2] Y. Shao, Z. Hu, Y. Yu, R. Mou, Z. Zhu, and T.

Beta, “Phenolic acids, anthocyanins,
proanthocyanidins, antioxidant activity, minerals
and their correlations in non-pigmented, red, and
black rice,” Food Chem, vol. 239, pp. 733-741.
2018.

[3] K

Samavardhana, P. Phrigboonchan, T.

Supavititpatana, and  P.  Supavititpatana,
“Predicted glycemic index of color rice varieties
grown in Thailand,” Khon Kaen Agriculture
Journal, suppl, no.1, pp. 124-129. 2022 (in Thai).

[4] R. Changsri, S. Bureerat, T. Prungkong, A.

Pengrueng, A. Pongpanus,  “RD69 (Tubtim
Chumphae), a non-glutinous rice variety,” Thai
Rice Research Journal, vol.7, no.2, pp. 30-46.
2016 (in Thai.)

[5] J. Ponglong, L. Senggunprai, P. Tungsutjarit, R.
Changsri, T. Proongkhong, S. Thawornchinsombut
and P. Pannangpetch, “Hydrolysate and

ethanolic extract of Tubtim-Chumphae rice bran

improve insulin resistance in high fat-high
fructose diet fed rats,” Srinagarind Medical
Journal, vol.33, no. 5, 2018.

[6] U. Wattanakul, and W. Wattanakul, “Storage
times of stale Tub Tim Chumphae paddy rices to

bioactive

proteins, fats content and

compounds,” Research report. Rajamangala
University of Technology Srivijaya, Trang. 57 p.
2019 (in Thai).

[7]1 S. Chumjit, W. Sangartit, U. Kukongviriyapan, P.
Pakdeechote, V. Kukongviriyapan and S.

Thawornchinsombat, “Effects of Tubtim Chum

Phae rice bran hydrolysates on blood pressure

and oxidative stress in  L-NAME-induced

KKU  Research Journal

(Graduate Studi25), vol.17, no.3, pp.19-29, 2017.

hypertensive rats,”

[8] P. Chutimanukul, C. Jeankham and S. Ngamluan,

“Effect of calcium silicate from cement industry




NIATIVINTINNERS -TECH U 18 adud 2 nsngiax - Suey 2566

on growth, yield, and silicon accumulation of
Riceberry and Tubtim Chumphae rice varieties,”
Khon Kaen Agriculture Journal, vol.49, no. 3, pp.
577-585, 2021 (in Thai).
[9] S. Chaiyaporn and S. Choenkwan, “Processing of
Tubtim Chumphae Rice (RD6 9) of Ban Khok
Housewives

Wang  Yai

Sawang Group  Community

Enterprise, District, Khon Kaen
Province,” Journal of Community Development
and Lift Quality, vol.10, no. 2, pp.148-158, May
- Aug, 2022 (in Thai).

[10] K. Kongyungyean. Functional Drink product
development. National News Bureau of Thailand
[Online]. (2021). [Cited May 19, 2023]. Available :
https://thainews.prd.go.th/th/news/print_news/T
CATG211123165420438

[11] Office of the Royal Society.  Mantou and
Salapoa. [Onlinel. (2012). [Cited July 26, 2023].
Available:http://|legacy.orst.go.th/?knowledges%

[12] J. Jammek, and O. Naiwikul, Introduction to
Bakery Technology. (10th edition), Bangkok:
Kasetsart University Press, 2010 (in Thai).

[13] S. Chompuja, “Development of healthy

steamed bun (Mantou) products with vegetable

Chaya (Tree

spinach) juice supplement,”

Huachiew  Chalermprakiet  Science  and
Technology Journal, vol.6, no. 2, pp. 21-31. 2020
(in Thai).

[14] S. Tipkanon, “Development of mantou product
from composite wheat flour and rice flour,”
Graduate School, Kasetsart University, Bangkok,
2001 (in Thai).

[15]

analysis of AOAC international (2 1st ed.),” The

AOAC International. “Official methods of

Association of Official Analysis Chemists, 2019.
[16] Y. Shao, F. Xu, X. Sun, J. Bao, and T.Beta,
“Identification and quantification of phenolic acids

and anthocyanins as antioxidants in bran, embryo

and endosperm of white, red and black rice
kemels (Oryza sativa L.),” Journal of Cereal
Science, vol. 59, pp. 211-218, 2014.

[17] J. Kubola, S. Siriamornpun, and N. Meeso,
“Phytochemical, vitamin C and sugar content of
Thai fruits,” Food Chemistry, vol. 126, pp. 972- 981,
2011

[18] S. Sinthawalai and K. Janchad, Science and
Technology of Baking | Volume 1. Science of
Baking. Bangkok: P.L.A., 2001 (in Thai).

[19] P. Kaur, P. Sharma, V. Kumar, A. Panghal, J. Kaur,
and V. Gat, “Effect of addition of flaxseed flour
on phytochemical, physicochemical, nutritional,
and textural properties of cookies,” Journal of the
Saudi Society of Agricultural Sciences, vol.18, pp.
372-377. 2019.

[20] S. Khumkhom, “Effect of Riceberry Flour on

and Antioxidant

Physicochemical Properties

”

Activities of Steamed Bun,” Thai Science and
Technology Journal, vol. 28, no. 11 Nov, 2020
(in Thai).

[21] F. Zhu, and J. Sun, “Physicochemical and sensory
properties of steamed bread fortified with purple
sweet potato flour,” Food Bioscience, vol.30,
Aug, 100411, 2019.

[22] Y. Cao, F. Zhang, P. Guo, S. Dong, and H. Li,
“Effect of wheat flour substitution with potato
pulp on dough rheology, the quality of steamed
bread and in vitro starch digestibility,” LWT Food
Sci. Technol, vol.111, pp. 527-533, 2019.

[23] R. Sun, Z. Zhang, X. Hu, Q. Xing, and W. Zhuo,
“Effect of wheat germ flour addition on wheat
flour, dough, and Chinese steamed bread
properties,” Journal of Cereal Science, vol. 64,
pp. 153-158, 2015.

[24] R. Preecha, S. Wongpiyachon and N. Kongseree..

wheat-rice

“Productdevelopment from

composite flour for cake and cookies,” IN Rice




NIATIVINTINNERS -TECH U 18 adud 2 nsngiax - Suey 2566

and rice products research program, pp.553-607.
Kasetsart University., Bangkok, 2000 (in Thai).

[25] S. Khumkhom. “Substitution of wheat flour with
Hom Nil rice flour affects physicochemical
characteristics, antioxidant activities, and sensory
acceptance of Chinese steamed bread
(Mantou).” RMUTP Research Journal, vol.14,
no.2, Jul-Dec 2020 (in Thai).

[26] S. Lerswanichwatana, P. Chompreeda,
V.Haruthaithanasan and K. Sriroth, “Development
of curry puff from composite wheat and
fragrance rice flour.” In Proceeding of 41"
Kasetsart University Annual Conference, Bangkok

Thailand, Feb. 3-7, 2003, pp. 323-330 (in Thai).

160



NIATIVINTINNERS FTECH TN 18 atudl 2 nsniax — Sumy 2566

nsIndumaAusanuyaiesfneTudwindesse
Vehicle Routing for Collection of Infectious Waste

in Chiang Rai Province

UAT leed@fnan " way wsAY Asadan?

Nakorn Chaiwongsakda'" and Pornwasin Sirisawat?

1YY IUIMIEINY d1UnIvIN133RNTs Winedeusiiiivaie
Zgnunignisianisladafnduaslgouniu d1indyn1sdanis amninendeuaifiviaig
1Business Administration Program, School of Management, Mae Fah Luang University
2 |ogistics and Supply Chain Management Program, School of Management, Mae Fah Luang University
*Email: nakorn.cha@crru.ac.th

Received: September 06, 2023; Revised: November 10, 2023; Accepted: November 10, 2023

UNANED

MeIdedfifaguszasdiiefnvummtdunisiansdumaiusaivyalesfageludmindessy lnglid
Aunusmdian Jsiunuaztszneulumeduunmsifuniisidnsuassuafiviasdununsdanuluioadu
mafununudeayanlssuenyanessfnsludmingesse liun Usunugalesfndeveusaslsameiuia

[ o

dumadusalutiagiu mnuilunsdafvueausazgn dosidndunm dedialunmsussvnuessaussmn e
Yoes0lunsaidunIe sragan sraendlunisiunng seznatlunsvihauluisiasan AuEILTluNISHT wae
nsdnifivyaresfindeveniondu vhmsindumadusalnensaidunamsadamaniiielifidumuusiiian
mudediinsneg nsmdmeuagldisiluiugnssulunsuidgmingldiusunsud sy namsfinwimuinssesni
Tumadiuneessafuyaresinderidanuaandamansdiadosnindumdagiu 81 Alawns Inedduyuanas
Fouaz 8.86 wagyliusendadunuls 20,287 umeel defasanluanunsalluewnansn 6 Weudrmdn &l
Uannuarlesfndefiiiudy dumemnnluaaednmansasdfuuiianadesay 1073 Vilisendndunuld 32,709.6
umsial

o

AEAeY : NMITAEUMNLFAUSTE, YaneuRalYe, TBTwTugNTIX

o

Abstract

The study aimed to optimize infectious waste collection routes in Chiang Rai Province for cost-
effectiveness. The cost includes travel expenses considering pollution emissions and storage costs in
refrigerated rooms. Data was gathered from infectious waste incinerators in Chiang Rai province, including
the amount of infectious waste generated by each hospital, current routes for waste collection, frequency
of visits at each point, time constraints, limitations in truck loading capacity, vehicle speeds on different
paths, travel times, work durations at each node, incineration capabilities, and storage capacity in
refrigerated rooms. The research developed a mathematical model to optimize the waste collection routes
with the lowest overall cost, considering various constraints. Finding the answer involves using a genetic

161


https://docs.google.com/document/d/1Iyf7UVYvP8YKd8gzrINLUCmBDPhCMQL9MWK6b53Upxc/edit?usp=sharing
https://docs.google.com/document/d/1Iyf7UVYvP8YKd8gzrINLUCmBDPhCMQL9MWK6b53Upxc/edit?usp=sharing

NIATIVINTINNERS FTECH TN 18 atudl 2 nsniax — Sumy 2566

algorithm with the assistance of a packaged program to solve problems. The study found that the travel

distance of the waste collection vehicle based on the mathematical model was shorter than the current

routes by 8.1 kilometers. This optimization resulted in a significant cost reduction of 8.86%, leading to

annual savings of 20,287 Baht. When considering the future situation in the next 6 months, with an increased

amount of infectious waste, the route derived from mathematical modeling will have reduced costs by

10.73%, resulting in cost savings of 32,709.6 Baht per year.

Keywords : Vehicle routing, Infectious waste, Genetic algorithm
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Abstract
This research aims to develop the uniaxial hydraulic pressing machine for flowerpots using locally
available natural materials. They are a potential replacement for plastic bag. The pressing machine
includes; a mainframe, a pressing unit with an upper and lower parts and a hydraulic control system. The
mainframe is made of steel, and so does the replaceable split mould. Its slant seam was designed for the

ease of splitting. The mold has an upper and lower diameter of 120 and 110 mm, respectively, while the
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height is 120 mm. it can press 8 mm. thick pots with a high precision. According to the test results, the
machine can successfully make flowerpots from various available natural materials using organic glutinous
tapioca starch as an adhesive. Identical and smooth surface pots were successfully achieved from 200 g
coconut coir mixed with 300 ¢ binder. A mixture of 50 g sawdust and 150 ¢ coconut coir mixed with 300 ¢
binder also yielded durable flowerpots with a crack free perfect finish. Water hyacinth can also be used
with worm castings and glutinous tapioca starch to produce easily handled pots at 400:300:200 ¢ ratio.
However, the water hyacinth needed to be properly dried before use. The developed uniaxial hydraulic

pressing machine is proved to be practical for making flowerpots from natural materials.

Keywords : Uniaxial hydraulic pressing machine, Natural materials, Flowerpots
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v

585 lawA 3:0.18:1.20,3:0.24:1.20,3:0.30 : 1.20, 3: 0.36 : 1.20 4w 3: 0.42 : 1.20 9nUulUsal
Huwidlaglfiadossaduuuunds) delddusausoonnuéafideldihdudauwisnnita 5 gas lshnmsmageu
Auativossudawinldenmdanszun Tdun mamadeudiauiou manageuUiiuaudy N1sngey
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AfnuandAnfian fe gasfiflsnsidin 3 : 0.18 : 1.20 FeflrrauFou 21,848 gasiensu (5,218.31 upasdnens)
ATty 5.5 Wesidud AmuFiaudivinty 18 wWedidud uastssAninmmslinugadaliliisy nanifld

Tumswnlvgiaududnldnan 490 uni
AdATY @ ausaun, Wasnwaanszun, AMSow, Usunandn

Abstract
The objective of this research was to test the properties of charcoal briquettes containing from wild
almond rind. By burning wild almond rind a charcoal kiln to become charcoal. Then took the wild almond
rind charcoal and grind it down. Charcoal power size not more than 5 millimeters. Then mix the charcoal
powder with cassava and water in a ratio charcoal powder (kilogram) : cassava (kilogram) : water (liter) 5
formulas were 3 : 0.18 :1.20,3:0.24 :1.20,3:0.30:1.20,3:0.36:1.20 hag 3:0.42:1.20. Then to be
compressed into bars using a screw charcoal press. Once the charcoal briquettes were obtained, the researcher

took the charcoal briquettes from all 5 formulas to test the properties of the wild almond rind charcoal
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briquettes, such as the heat value test, the moisture content test, the ash content test and heat efficiency

test. From the results of the research, it was found that the charcoal briquette formula with the best properties

was the formula with a ratio of 3 : 0.18 : 1.20, which had a heat value of 21,848 joules per gram (5,218.31

calories per gram), a moisture value of 5.5 percent, the ash content value is 18 percent, and the efficiency in

use, fast ignition The time it takes to burn to ashes is 490 minutes.

Keywords : Charcoal Briquettes, Wild Almond Rind, Heat value, Ash content
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Abstract
The purpose of this research to 1) Study the level of opinions towards tourism logistics
management and 2) Study and compare tourism logistics management at Khwan-Riam Floating Market,

Min Buri District, Bangkok. Classified according to personal factors of tourists and tourist behavior. Data were

193



FENTIVINTINNERT FTECH YN 18 adu 2 nsniaw - Su1Au 2566
collected using questionnaires from tourists. A total of 300 people using random sampling. Statistics used

to analyze data for this research. Contains statistics Descriptive is used to analyze data and present it in the
form of a frequency distribution table. and inferential statistics Used in data analysis and hypothesis testing.
It will be tested at the 95% confidence level or the statistical significance level of 0.05. To test the difference
in the means of two groups of variables, the t-test and the test of the difference in means will be used of
pair or more groups of variables, one-way analysis of variance was used. By using the F-test statistic and
a testing for pairwise differences using the LSD statistic.

The results of the study found that 1) there is a level of opinions of tourists on logistics
management of floating market tourism all 7 aspects are the physical flow aspect. Information flow Financial
flow Service aspect Facilities Public relations and the aspect of returning to travel again Overall, there were
opinions at a high level and 2) personal factors of tourists in terms of average monthly income and length

of time spent traveling had opinions are different.
Keywords : Tourism logistics management, Floating market tourism, Kwan-Riam floating market
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Tafafndnisvieaifien (Tourism Logistic) A3

ARIYARINUNISVUAINISN BT 87 (Tourism and
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1. Lﬁaﬁﬂ@ﬁi%ﬁ}Uﬂ’ﬂﬂJﬁﬂLﬁuwll@]@ﬂ’]iﬁ]ﬂﬂ?i

19

Tadafindnisvieaiisamanaiety-Sou waduyl
NIUNNUNIUAT

2. AinwmaziUSeuisunisinnisladaindnis
voaisanarnty-Fen weduys ngummamuas
Suunsudadvduynnavesinvieaiswazngingsy

Invinang?

3. FUNAFIUNTIIAY

aunAguil 1 Jadedrnyanavestinvieaiion liun
WA 18 A0IUAIN N13ANEY 917w Teldladedelion
waziduniisnety fszduanuAniiusionisinnis
Tadamndnsvieadieananathe Ty 3en unnsnaiu

auufgiuil 2 ngfnssuvesinvieadion Tiun nnsun
digamaned wvugildlunisifunis ssesnaniildly
nsvieaiied Snnufiiufuns undsteyarnansnis
voadisanaian uazalddnedendslunisondien

AANAUIN AN UL ANUAALIUABNISIANISladaRN

nsviodgInaIMINYIR-SEN WANFNAY

ad o =3 a o

4, 29A1LUUN15IY

4.1 UszvnIuaznguiaegng
Useansa g lun15398A5IH AD WNaaigan

v
°

AUNLYagInaIaY

a

W iny-1Seu 1edluys Jmin
NIANNUNIUAT

nsivuasuIafiedie esnuszansiivuie
Tugjuaglivsunudsseinsiuiuou Faihnisdu
Mogne lneAuinldangnslinsusuindiegisves
W.G. Cochran (1953) fatu fisefuanuid asfu 95%

NNTnuA1AgldvuInNguAIeg 190 1B AY

1Y ° o '

246 f9E14 {IT89MMmMUATINIUAIBE 1AL TIUTI

iusegeiedusuIY 300 fheg
nsgunguAIeg1e dmsuisnisiivteyaainngy
freg1e Ao Tnvioud eafl i uniad e valy
paInuIv TSy $1U3U 300 AU Ingdsnsdunuy
Ua8ey (Accidental Sampling)
4.2 \wsaediailHlun1side
LUUEBUNIN (Questionnaire) ﬁﬁgwm 3 d7u
duil 1 Jadudruyanavestinvieiien doranu
Judnwazainuvatela (Close-Ended) Sanwauzidu
LUUNITASIIABUTI8NT (Check List) daudi 2
wofinssuvesinvieadien Tefanandudnumgdiony
Uaneln (Close-Ended) fdnwauziduuuunisnsiaaeu

518115 (Check List) @ 7U% 3 A1UA AL UV

aa [

dnvioadiafifinenisdanisladafndnisvieniien
yeananunvi-Son Yafanuuszneusedera
A1UNITLNANIINIBATN AIUATS IRANIETAUNA
frunslvanienisidu drunsTiuinig sudediue
ANEZAIN HIUNTITUTEIEUNUS WALAIUNISAAULNT
e Wudnsarmanuuuuinnsiduuseadiuen
(Rating Scale) 5 5¥AU M1UFULUUVBIALATYT (Likert
Scale) TngAnuandninasin1sudanaii o Tasz v
AuARLTuR

Aade 4.21-5.00 = Lﬁus’hﬂuszﬁuumﬁqm

Aade 3.41-6.20 = wWiugeluszduun

Aade 2.61-3.40 = Wiugeluszduuiunans

Aade 1.81-2.60 = Wiugelussiutiey

Aady 1.00-1.80 = wiusheluszdutiosiian

dlothsawuuasuaulunsiageuanuiismsiuas
AULALNLEL Iﬂmammaqmiwﬁﬁnm@,%amm
F1uu 3 vy Tnefiansanisnnuiismsadal ow
(Content Validity) ¥@wuudaauaiy LﬁaU%”wqaLm”l‘u
LarATIvERUALTIBINS (Validity) Inefin1sfiansan
mARtiAugenAaad (Index of Consistency: 10C)
[4] wudn fArdedauaenndai suinldsiede
An1udAmInndn 0.50 nnderiaw Tnedidade

WU 0.963 waznsnadeuauLd ey (Reliability)
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Taevnaeudunguinedns fie tnvieafisdfiduman
vieaflealunaathea-3on $1uau 30 eu ddlaildnga
fregadiliAudeyassa i emAinud afuves
WUUEBUNIUAI8TEN15U8S Cronbach A N1511AY
Fuuszand Cronbach's Alpha [5] TngsauilAnuviafu
0.95
4.3 aaanldlunmsieneidaya

1. adAlanssadun (Descriptive Statistic) Tgluns

wigdeyanazauelugunTaNITLanLaIAIwd

Y

)

°

adfildfe 1w (Frequency) Sotaz (Percentage)
Aade (Mean) wazduidsauuansgIu (Standard
Deviation) tieesunednumzdeyalosiuilldarnns
Wudeya leun Jadedruynnavesinyiead o2

WA NTTUVOIUNY 09T 87 WarAUAALAUT Ao

nsinnsladafndnisvieansanainineie-1seu

2. afifLBaeuNIU (inferential statistics) T4lunns
Ainsesiteyauazmsvaaeuanuigiu Tagasnaaeud
seRuAdasiy 95% w3 eseRutiudAynisadf
1 0.05

1) N1SVAABUAIULANAIIVOIA1LAE BUDIFILUS
2 nqu ldatinadeu ttest

2) NSNAABUAINKANF1IVBIANLAE BUDIFIUUS
2 nawily lnmsiiesesiauuususuwuumaien
(One Way ANOVA) Tngldaiidnagou F-test wagyinnig
NAaouANNLANA 19918 LasldA1aii LD (Least

Significant Difference)

5. NAN153Y
5.1 an15AAssideyalteliunn

1. nanmsfinwdeyaladediuyanavestinvioniien

WAAINATRYARINNTIN 1

A13197 1 InukazTovarveIngumieg1e Iuunaudadudiuyanavetinvioiien (n = 300)

Uaduduynnavastinvioaiien U Sowaz

LA Gigkd] 105 35.00
VAN 195 65.00

ou #nin 20 1 59 19.67
20-29% 46 15.33

30 -39 1 90 30.00

40 -49 Y 69 23.00

50 - 59 1 26 8.67

60 Yl 10 3.33

A07UN N Tan 163 54.33
ausd 129 43.00

wihe/vev/ueniiueg 8 2.67

ASANYI SsuufnwneusuvIomn I 65 21.67
seuAnwInaulans/. 80 26.67

uUTY vV U/ UTyan3 141 47.00

ganinUSeyens 14 4.66

21N Fusny/Sgiaming 15 5.00
Suinsdasy 61 20.33

§3nvd U 31 10.33
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A15197 1 (sid)

Jadudauynnavesinviaaiilen MU Sowaz

nonauenyu 72 24.00

Uniew/dnAnw 69 23.00

WNWAINT 13 4.33

withu/metnu 37 12.33

Buq 2 0.68

seldeAesifiou tenimiawindu 10,000 um 92 30.67
10,001 - 20,000 v 147 49.00

20,001 - 30,000 un 57 19.00

11N 30,000 U Gl a 1.33

ld onfwegluuniiuys 115 38.33
o1fvogundus Tungaummmuas 160 53.33
91AYRgN1LUINTINIANTUNHUMIUAT 25 8.34

NP5 1 uansmansinwideyatadudau
yaravaainvieiien wuin ngudangdlngiiy
WANE e 97UU 195 AU (Segay 65) 81g581niNg
30-39 U 97U 90 (Seway 30.00) antun1nlan
F1u9U 163 AU (Fosay 54.33) dn1sd@nwiluseiu

ayUSyey/a/JTans 91w 141 au (Seway

47.00) Us¥naus1dnndnauiensuy 97Uy 72 Ay
(Yoway 24.00) f51¢laad uroLiou 10,001-20,000
UM 913U 147 AU (Fegag 49.00) dlgiaunegluin
duq Tungamamuas S1uau 160 au (Fesay 53.33)

2. mamsﬁﬂm%’anﬂawq@ﬂﬁmﬁﬂviauﬁm WARINS

[

ToYaRIN1IIN 2

M99 2 WUk SELAYYRINGNAIBEN ThUNMUNgANTINTesinviewiiey (maulduinnii 1 de)

wgAnssutinvisadien 11U (AL) fouas
mim%ﬁmﬁmmmﬁw mtﬁlm 2-5 ﬂ%ﬁ 183 61.00
wwusfldlumsfums  sosuddin 194 64.67
szoznandildidien 1 -3 4lug 269 89.67
IIUIULTIUAUNY 3-5au 127 42.33
wiaeloyau1ans Wilow/ai 246 82.00
Aldsnesenss 501 - 1,000 U 148 49.33

1NN 2 uananadeya naudaeg1edlng
LABLT 897 AR Ty endn 25 ATe Sauau
183 au (Fowaz 61.00) ldsasuddiuilunisiiunis
$1uau 194 Au (Fovay 64.67) THnarlunisvieadien
melunanth Wuszevinan 1-3 Falus S1uau 269 Au
(Foway 89.67) {5 TaAunsvisai vrlunarnii

3-5 Au 913w 127 au (Gewvar 42.33) lasuteya

Aertumareadismainthandion/yd wniign
F1u7U 246 AU (Feuay 82.00) AA1ldT180E 58nI9
501-1,000 Vseass snfian S1uau 148 au (Sovas
49.33)

3. HaN1IANYIT oY ATEAUAIINA AL UVD
tfnvioufleaiifiienisinnisladadndnisviesiilsinain

WY TR-L583 UanINatayafnIg1ein 3
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T N N NN NN —————_—
A13190 3 AedAsuard i lsuuuasTINTeINgUiIRETUNANSEAUANAMTIUR N 1SIAN1slaTaRnd

MyvisLwInaIndvig-Seu Tnesau

A153ANTSIaRERNdNIsTiaaien

y . . Aledy S.D. STAUANARLILY
AANAUNY Y-S

fuNTlanIsnIEnIN 4.19 0.55 11N
punslranisansauna 4.12 0.62 110
fun1slraniesnistuy 3.94 0.55 110
FUNSIAUSNIS 3.84 0.61 170
FUASIUIEAEEAIN 4.13 0.62 o
AUNITUTEVIEUNUS 4.05 0.63 170
Frunsndunnfiens 4.01 0.62 110

994 4.04 0.48 41N

311715197 3 naudaegedAuAMAURanIS
Tan15ladadndn13v el 8anaIAUIYTEY L3 Bu

Tunnsiu Nuiussluszauuin saeaNedgmiAu

4.04 (X=0.04, 5.D.=0.48) 1510M1501518H1U WU

nauiegadauAnviuiviuieluszauiin a1unns

1AaN9NNEAMN Aa8AaAs 4.19 (X=4.19, 5.D.=0.55)
se9a9uAe dAudaiu A iudaelussduuin
FUAIBIUIAIINEEAIN .13 (X=4.13, 5.D.=0.62)
AunISane@nsauna 4.12 (X=4.12, S.0.=0.62)
AIUNISUTEVNIFUNUS 4.05 (X=4.05, S.D.=0.63)

AIUAITNE VLT 8227 4.01 (X=4.01, 5.D.=0.62)

M19199 4 HANSNAFBUALNAFIUN 1

ATUNNTLNAN1NISEY 3.94 (X=3.94, S.D.=0.55) uag

FUNISIAUSNNS 3.84 (X=3.84, S.D.=0.61) MUARU

a. wamiwmauamﬁgm ms‘mmaa‘uamﬁg’m

AIdelaAnuladesing q Mderdedunsdsanuigiu

wagldiaunfguly 2 9o lnenaasuii sesuainy
Fesiu 95% wiefiseduiaddy 0.05 Tekanisveaeu
aumagméﬁﬁ

auuAgiud 1 Jadudruyanavesinriead e

1

AR19AUTAIUAALIUT U9 Bn1TTANISlad afng

nsvioaigInaIndnvTa-3uU WenANeA

auufgud 1 adANld  Ar@dA  Sig  wanivegey

wadiinaiy fauAauiusionisdanisladaing Ttest 1242 0215 Ufas
ﬂ'ﬁviml,ﬁmmmmﬁwﬁ’zy-l,‘%w WANANAU
o1gfisnaty danudndiudenisdanisladading One-way 0.619  0.686 Ufues
ﬂ'ﬁviml,ﬁmmmmﬁw’;’zy-l,‘%w WANEIIU ANOVA
an ARy SauAnuiiudenisinnis One-way 0.141  0.868 Ufas
Ta3afndnisvieaiisananminea-Sen uansneiu ANOVA
ns@nwAisnety faruAaiiusenisianis One-way -

L . L. o 1235 0297 Ufjan
ladafindnisvisaiieanaintvig-3eu uanAneiuy ANOVA
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A15197 4 (sid)

AUNAFIUN 1 AR Sig  Wan1smAgdau
91TnAN9AU SrnuAniunenisdnnisladannd One-way -
o . L o 0620  0.739 Ufas
NsviBaieInaInUNTIg-L3eu LANeNeiY ANOVA
eldlederamouiiingiu danuAaiiunenisdnns  One-way .
A . o 2968  0032*  weuiy
ladafndnisvisaiieanainunvig-13eu wansneiu ANOVA
pfidnunfisineiu Sanufadiuienisdnnns One-way -
. g v o L D 0.027 0.974 ug)ias
ladafndn1svisaiednalnunvig-L3eu wansnaiu ANOVA

o

Qid)

0]

1NA1TNG 4 nanIsnaasvanudgiun 1 U9
druyanavesinrieaiiodfisrsiuliaufniudil
n13dANITladafndn1svou vanainunviy-138u

LANGINAY WU

=

ANY

NBNT

1) NAUAIBE AT INA 818 FDIUAIN N3
918w uay Qfiaun sty dauAaiuid
Tanisladafndn19voui ganaauuTy-13uu

Talwmneinaiuy

R | Y A A A

Z)ﬂaNWQSSWQWﬁiﬁﬂlﬂLaa AOLABUNANINAU AU

q

AU TIAaN1TIANISladaRNaN1SVIa N N8INAINLN

aada

YIRY-L580 WANAAY aglldudAynaifn e

o

Y
A a ¢ ' & ' | a

0.05 WodnsgrianuuananlusieneALaieves

ANUAALIUTTsaran1sIAn1slalafndn1svianiien

panavTy-Sen Tnunmuneliiafdofiou wuan

A15197 5 NANINAFRUANLAFIUN 2

nauseefifiseldadeseiiou 20,001-30,000 U
fimnuAniufifnenissanisladafndnisvieaiien
nant uanAnsfunguitegeiissldadedeiou
WounimIawinAu 10,000 U1 wagna uA19e19
Afseldedudowiou 10,001-20,000 UM Fatiu

-

WNE98IAURAINUNTTRY-1T8N AISENITIALKUENTS

e eXe

Fanislasafndn1svieai samainiiuTey 15 o
Tnseunquuasfimumsnzauivuiinveailefiflsels
uandnaiy WewakarAagatinvieadieliuiien
paAiY Ty Fesfivannty

aunAgiud 2 ngAnssuveainrioadienfisnety
finnudafiusionisdanislaiafindnsvioniisanain

U T80 WanANeiu

auuAgudl 2 aandild  Aveda  Sig ranm
NAGDY

nsufienamifisnetu fenudediuiiildenisiants  Oneway 0098 0.907 Ujjas
Ta3afndnisvieaiisananmineia-Sen uansneiu ANOVA
wivgAlflunsiumaiianaiu faruRadiuiisidenis T-test Ujias
ﬁmmﬂa%aﬁﬂémiﬂaaLﬁaammﬂﬁwﬁy—ﬁsu WHNEIT
svpziaflilunsvieaiioafivnedu SeuAndiudiise Ttest 4341 0019  gauiy
mﬁamﬂa%ﬁﬁnémwimLﬁﬂmmmﬁfﬂﬁm—ﬁsu LANAINAU
Sruaudsuniumeiisnetu fmuAaiuiidson1sdnn1s  One-way 1.020 0384  Ufjws
Ta3afndnisvieaiisananmineia-Sen uansneiu ANOVA
widstoyarnasnsviondioafisnetu dmuAniudiiide  T-test Ufjas

nsiansladafndnisviosiisanaiauivig-13en unnaneiu
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M1519% 5 (sid)

— andey o aa wan13
AuUAFIUN 2 daanlyd  AanR  Si
AU
Aldanerensilunsvieuiieanaeiy dauAadiuidse  One-way 5
4.737 0.001% gYaUIU

nsianisladaindnisvioaiiednaintivig-13en uanaediu ANOVA

MNINTT 5 HanINAFBUANNATILA 2 woRnTTa
Yoalnvioad afi ety fseduanufndiusenis
ﬁmmﬂa%aﬁﬂémiviaaLﬁmmamﬁwﬁy—tf%mmmﬁq
U WU

1) dnvieaiieafidnisuniioasneiy winued 14
Tun 19U I TIAUNG unastoyadnians
n1sviendi il ssdudaudaiuifsdonissanis
Ia%aanﬁmi‘viaaLﬁmma’mﬁwi’m—ﬁ'w Taiupnmneiu

2) Wnvieaileafildszuzaiildlunisviendien

AranuilseauauAniugan1sdnnisladafnd

d

N5 097 82AA1AUIVTY-LT 83 UWANA19AU 8819

o W a

Tludfmn1eadanseau 0.05 Wadwszmdusieniu

o

NUIT AIUNITEURANIINIYAIN A 1UNITERANI
ANTAUNA 1UNTTIMANIINITIEY AIUNNSIAUSANS way
FIUNITNFULINEITT TAMUAALTAUATFHDN1TIANS

Tadafndn19v09 A 81Ma1 UV TR -1 83 LANF9AY

'
aaa

o819 Tpd1AYNNEdAT 0.05 &ALIUAIUF I8

ANLATAINLAEAIUNTUTENANRUS NG Ui Y1971 4l

'
d '

seldiad or o aureiy faudaiudifinenis
Fanislasafndnisvieai samatnuiv Ty 5o
laiumnaneiu

3) Ynvieaiigdiflanldsesensslunsvisaiien
finnsdudszduanufniudenissanislaiadnd

NIV OIT IMA1AUIVTY-LT BN WANAIIAY 08138

aaa

Toddymeadffisedu 0.05 Welmsgidusedu
WU AIUNTTINANIINIEATN A IUNITEUaNIa
ansauma f1un1shnanienisidu Audsiuneainy
A0 ATUNITUTEIIFUNUS LAEATUNITNAUND
Wieag danuAaiuiinenissanisladadngd
mi‘vfmLﬁ'mmamﬁéﬂﬁﬁy—ﬁw WANMINAY D813

aaa

Wod1Ayn19ai @ 0.05 sntlu AUNITIRUT AT

T |

nausegifineldindedeifousaiu fnruAaiiy
Aflaon1svanislasafndnisviend sanaiaun
v¥o-3eu ldunndnedu deu gilieadestunaint
YTY-13 80 ATTNITIURUNITT AN LT df nd
nsvieafiennaminuto e Tiaseunay uazdiann
wanzaudualdTedinad ulunseaiisannely
pann Tneridadsntsrilminnisiddneiuanniy

warNaTaNDeRUdLY MAvIsinliAnnsldany

6. aAUITIINE

6.1 anUs1enan13Idedaded1UuUAAAVDY

Y] a aa o a_a ' a

Unviauiganinanisannisiadaindnisviaaiien

AAAUIYIRY-1T8Y
NNKNANITITENITIANISLAIAR NANITV BT 87

Aa1au wud1 Uadediuuanavealnvowd ga

1us1elaLad unoLhou @9AA 8N VAU TYYDY

a L3 v

Snnsal Quidu [6] ivuin dnvieaiieadulugfidngds

¥
] '

YoAUT19Ne8MBNSIANeduakasldusN1sNI9RIUY
nsvieniien wesnnnauinvenieddiulvg

JudniSeu dndnw Tuszdul3gang nqudiedis

daulngusznouor@nwinauenasu nsAnwITEAy

a

Ui/ Ua/Jiggns wazdswldaduselfou

10,001-20,000 U 3sdsuasuiladeiiiinasonsldane
N1V 9L 87 WazaenAd p4A UITUTTHUD
A3175 830439 Uazdiwd nedngAna [7] nan3dn
Hadeyanadunelddeiiou wuirtladefifinasronis

U a

andulafidselanreduinanetadelunisdndula
Voaunganunnenaniy uananuy afqeyl wian (8]

ARNWUIBINSANYIUTEANT A NSNS LadaRing

Wiansviannenlusnanlaan 39ninnin Jawuin

Jadeaiuyanavesdnonied Warud1Ayse
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Tadafndnsvieadioafiunnsneiu §3deTasiuinluns
mnuasian A1ldaenseguuuunITvie i 69
Feamiafengquinvieafioafiiiseldvenidudday
Wi agsinliinvendisaaunsoidunldanennsly
Aty
6.2 9AUs18NAN1TA TN ANSTUVEIYnY B AT 89
sonsdanisladaandniseaiisanatntheiy-Ges
MnNHAaMTAIATIEngAnTsuveninviesieafinyi
seldfsstuiianudadiuiiidonisdnnisladadind
WANANNAY @OAASDINY AT1I5 BINTL UaHN WA
wadngna [7] AlFAnvEesmsdnmsidumaieadion
Faontnalusis wuin noAnssuvesdnvioad oadl
AUANTUS Aun1sTadunianisienii o9 uay
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Abstract

This article presents the wireless sound emergency nurse call via the loT system which allows
patient to request emergency assistance through the internet system. After pressing the emergency button,
microcontroller receives the emergency signal and sent to cloud for an alarm through the ward nurse and
application, this procedure takes only 0.86 seconds. The application can also send notifications to alert
doctors, nurses as well as patient's family. Apart from the foregoing system, the application also provides
information such as the patient's name, room number, symptoms and even camera monitoring in the
patient's room. The mentioned accessibility can be achieved along with password security given by the
hospital. Furthermore, the hardware is simple to setup in wherever a wi-fi available, with no need for

complex wiring to avoid wire breakage.

Keywords : emergency nurse call, wireless, loT system
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