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Abstract

This research aims to the study of effect of wheat flour substitution with riceberry flour on
qualities of tart product. The basic tart product formula has the following ingredients: wheat flour
499%, sweetened condensed milk 6%, evaporated milk 5%, salted butter 32%, sugar 7%, and salt 1%.
The basic tart formula was to study the wheat flour was replaced with riceberry flour in 4 labels 259%,
50%, 75%, and 100%. The physical quality and sensory quality were assessed in comparison with the
control sample (Basic formula). Then the developed tart product was studied in chemical
composition compared with the control sample. The study found that when the amount of riceberry
flour increased, the L* value and b* value of the tart product decreased with statistical significance
at the (p<0.05) level, while a* value and hardness values increased with statistical significance at the
(p<0.05) level. Tart products that use 50% riceberry flour instead of wheat flour have the most
suitable physical quality and sensory quality. That had L* = 33.28, a* = 5.62, b* = 8.15, and hardness
= 12.68 N, and the average sensory quality at 7.55 was moderate liking. The 50% riceberry flour in
tart product was studied for chemical composition and compared with the control sample. The
developed tart product had the higher anthocyanin, moisture, fat, and fiber (p<0.05). Carbohydrates,

protein, and ash were lower (p<0.05).

Keywords : Riceberry flour; Wheat flour; Tart product; Replacement
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Abstract

Gas chromatography (GC) is a precise and effective technique that is used to identify chemical
compositions of samples of compounds and quantitatively analyze volatile organic compounds or
semi-volatile organic ones, such as fragrances, spices, fuel, and substances in the air. To effectively
analyze samples of compounds and reduce interference, the parameters in GC (e.g., a column type,
a column length, a column radius, a gas flow rate, and a rate of temperature increase) must be
optimized to fit such compounds. This research aims to develop the program for simulating the
analysis results of the compounds by using linear solvation energy relationship (LSER) and time
summation model to simulate retention time (fr). Plate Height Theory was used to simulate a peak
width (0 ). Gaussian equation was used to simulate peak intensity for each chromatogram peak in
both isothermal process and temperature program. The analysis was conducted through Microsoft
Excel and the results were shown in the form of a two-dimensional chromatogram. Theoretical
findings from the chromatogram simulation of the compounds were compared with 2 published
research, that study about the separation of n-alkane through the temperature-programmed GC.
Results of the present study show that good linearity with correlation coefficient (R* = 0.9532 and

0.9896) from the correlation plot between simulated fr and experimental #r were achieved.

Keywords : Gas chromatography; Simulation; Gas chromatogram
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wes lwlaundind (Gibbs energy additivity method)
Faamnsoldmanuduiussening tr funuaudd
ssesansUszney qaudeedisdey imnmuuiug
PnMsUuAElAY (Curve fitting) TneldanasTinag
wieslulaundindduau 6 a1 egelsiau msfuu
tr MnenAsimanesTulaunindddalladsunminanly
Twenine Wemndgudeyaiidriauazanududou
Tumsasuguteya Wy nsdraedasiilnuniuves
ansUszneu 10 ¥iln demedin 10 wuu Feddraadi
mawmeslulendinddis 100 yn)
Ngu{] Linear solvation energy relationship
(LSER) [6] ﬁagﬂﬂ’wu%ﬁaﬁﬂmﬁumﬁ%m LN
9 wozmandoudl lnsmahlunanavesansdunid
SEMBd1oRazaTB uNs g i sseinenane il aun
Iinesidronedutialanig o Aigamad 100 e
waldea wasiwsainlulaaalnsiines (Mass
spectrometer; MS) udathuamsvaaesiildluinses

HunsEuIun1sUsuLdulA e (Curve fitting) Tatdu
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AU UE SEW3 19AS NE A ulALaes (Capacity
factor: K) uaz 5 Avmsii €E sS aA bB IL) & susias
Tuanauagaedin A azdya1ai lowzdndu
g1udeya LSER (LSER databased) fatfusu3doil s
i LSER $raewmsmiiuviames udaiild
wnueTluaun15e 199 031809 A3 Ut Ul
(Retention time; t5) A911NT1998951UN N (Peak
width; o) uagauLdNUesiin (Peak intensity; g(X))
i o1a09lAsHTnLnINeaNUN DUT 9845 uvhnT
NAABIR3 [7] nafilddensussndasulsranallunis
3meﬁuasamwznaﬂumiamﬁmaaagmﬁ ol

loNaNAPEANANER

1

ada v

2. s¥gul5798

A Teiiezdrasdasinlnunsuiildainnis
Iaseinewetdanialasuninnsileeld Microsoft
Excel il ofnwmamsususiauusine Iiun anuem
AeaNY SAdmeaul onsiMsivavelian wagsns
msfisesgamall uaziinsiaewaionSuiiie
FUnaNNSYRaes g sumsinu Taunmide
Analysis of n-alkanes in water samples by means of
headspace solvent microextraction and gas
chromatography [8] Wte@ Performance and selectivity
of lower-rim substituted calix{d]arene as a stationary

phase for capillary gas chromatography [9]

2.1 ATUIULIANNLAFNILARBUN lUADANY

(t,) MNEUNTINTINTINAVDILAFN
§nsnslnavesuiadnluianavesans

A19819 3nNERANDINN iuaeauulUgRmA

Wes ARdmaINSEHIIUSHIRsNelureaulsBlIan
Anfanlved sunluredud auisaasurelaes

Auns (1) [10]

2
zreb
t0
lngi
r = durugudnansvespadul
L = anuenivesnedu

t, =wvaifuianiedsuiluneduilaeliuians

f78819
2.2 AU Retention factor (k) 31n

ngug LSER

g LSER lalauedunsisenseninggns
$708190az AN UDIADANLEDNNAIANNITN (2)

[11]-[13]

logk =eE+sS+aA+bB+IL+c @)
Togil

C = emafi (Intercept constant)

K = mendmndsuiames (Capacity factor)

eEsSaAbB uaz IL = nagaszwinsyaiai
vesasietuazinads Inefidnusiunilvgdu
YAAALTITiINIINAIH I8 LarFsnusiuiAn
\duyarrasiifananivaiswesnedul Jauday

AAINEULARITIAMALTRANG 9 AIRn5199 1
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M19197 1 AasandingnaluaulagaIAin1ea1Inaunis LSER [10]

YAAIASTIAN  YAAIAIIAN "

. - GIGHI
A1902089 SAGPE

E e WusrAvadlassasluana (Dispersity-related)
S s AuiivIvedlaseasisluiana (Dipolarity-type)
A a wuselalasiau (H-bond) anlassaisluanaiiivgngm
B b wuselalasiau (H-bond) Mnlassasluanaiiivyiua
L I Augvesaelgvadlassassluiana (Dispersion/ cavity formation)

o = N4 a

2.3 auaaisnutulng (t;)lussuvaungl

A
F’Nﬁ

Capacity factor (K) Aagnsraiuszninly
avwEIMege lumedussluavesansiee lu
wiiam Tay k axduegiuanuiilumsindeuiives
Tuanaarsiaotslunodud [6] 1 esannmn
luanavedansfieg19lidunsnsenlaa (Strong
interaction) iumadutazdanaliluanansnanily
vanegluneduy (Retention time; tg) w1undn
Tuianavi fidunsnferduaoduilud (Weak
interaction) Tne K waz ty Januduniusasannis

7 3) [11]

t, = kt, +1, (3)

Taedn

tR = Swutulngd

2.4 AMUIUAIINNTIYBIFIUAN (o) N
dun1sdulsauuannsgy

aunisdrudeauuninsgugnldlunig

@

AUINAIIUNTI9UBIFIUNN (Peak width; o) #ia
aUnsh (4) FeUunu Swudulnd mugeeaul
wazA1ANgUatday N diuresnaduiiiiinnig

wenlulanavesansfiegauazANgunan (Plate

height; H) saaunisd (5) §ef1 N uaz Hidu

AT uegfusiinaeduiiignuineenuildanu

= o

A91uunan (Theoretical plate; N)

v ¢

TngAoduii
39 mnefsmedutfifinisnsranevesdnduiliin
dunsiseseninluanavesan e tazAoaul
un sgldfindifidnuuzuaunazaute Usznaudy
Tuanavesansdiegaiildinaned ouilunodud
tfoy (ty tos) Anvedlasunlnunsuasiigiuiuay
niluanavesansiegsiilinannadeuilunedu

110 (tz w1n) [14], [15]

H 2
L
H=t (5)
N
Tnod
L = augnvesneauil

UULWan (Theoretical plate)

N
H = anugwweunan
o

= AUNINVBIFILAN

2.5 AMUIIANUINYaTn (Peak intensity)
MNFUNSINETIY (Gaussian equation)

aunsinddeugnldnieadifiiomuinnis

ﬂﬁzmmwuﬂﬂﬁmaqﬁﬂ’aga (Normal distribution)
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faaun159 (6) Wngluanuiseiaglgaunisaanain

TunsAuIANUTNYBIRn [16]

g(X)=——e %2 ¢ (6)
(o}

1ne?

g(x) = Anutuvesiin (Peak intensity)

2.6 Arurasnudulng (ty) Tuszuu
ad

aaumaiingnlusunsy
\osanngamgddnadendsaiusatves

luvana Audeuiluianalasuasulsdunseiu

P
=

anusvedluana duludlosamgllupeduiiaed

v

TlanNavesa1sAI9819908nU19INABA NS Y

(tr 911) Tnvaun1ssvuvgunangniusunsulyly

nsAuIn tr Migaumgilisudu To feeaumagligavine

Tr wagdnsIMaiiiugaumngl Y deaunsi (7) [17]

.
17 1

1== j ———t (7)
11, t (t:)L'k; (T)]

Tnofi

Y = $asnsiiingamgil (Heating rate)

T, = gaumgiiGudy

Ty = guugilanving

k;(T) = capacity factor vasluanaansiietns j

Migaundl T

ATHlY Microsoft Excel Tun1setui
A LUsAgquaznaanlasulnwnsy laeasy
TunaUNIAWINAIMUTANgIaeldaunis 1-7 gn

LEAAILUANT19N 2

M990 2 auTuRBUNITAIINAILUTIINaNNTSN 1-7 Wediaesiinlusiudlumedaufalasuninnsiil

dUN1S5 ANasUNY
W 7r?L wuA1ensIN1stua (V) Sefinadul (N wazaueaedud (L) Tu (1)
1 V= , , , ‘
t Wemwinnaiuianadeunlureduillagludaisdetis (to)

SsAasivesassegs (E S A B uar L) wazredudd

(2 logk =eE +5sS+aA+bB+IL+c

@ sab luaz ©) udwmilu (2) wilefuann capacity factor (K)

wnuen K wae to Tu (3) iiemuan retention time (IR) Tuszuu

3) t, =kt +1, o
QUNYAAIN
H ()’ wnuen tr1u (@) Wledmauniwesguin o
(4) O =,|—2— . .
L e H = L/N ) (e N fia $1uauwan)
1 Ly

eZo’

(6) g(x)= oi2e

uwnuen TR touay 0 1u (6) wledumanuituvesiin (g(X))

wnuen K way to Tu (7) ilemuan retention time (tR) Tusyuu

1% 1
1=="]—d
" Jromom®
Q(x))

temperature program 9 ntuIadn TR Alaluunulu (6) Weruau
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3. NaN1sANERazafUs18Na

3.1 ANEINAVRINITUSUAINYI2VD

]
o

ADANUNAABLAFLATUINLNTY

[
=

—L=30m

—
w
i

—L=50m

—L=70m

Intensity
[
=

—L=9%m

wn
L

—L=116m

=}

0 5 10 15 20
fg (min)

Ul 1 m3drasaufialasunlvunsuves n-hexane
(E=0134S=0100A=0B=0.098 uaz L =
2.763) Ingldnadut HP-5 (6 = 0S = 0.305 @ =
0.260 b =01=0561uayC=-2313)L=3050
70 90 4az 110 AT I = 0.5 fadwms V = 0.25

Naddns/uni gungiiaei 100 e waged

A13197 3 A1 tR 0 waz g(X) Alsarnnisdtass

gl L 1u 30 50 70 90 wag 110 wns

L (m) R (min) o g(X)
30 4.468 0.023 17.222
50 7.447 0.030 13.305
70 10.425 0.035 11.215
90 13.404 0.040 9.938
110 16.382 0.044 9.016

1NN15ANYINAVDINITUSTUAINENIVD
ADANULAYNITINADINANITIATIEI N-hexane ALY
wadawialasulnns ¥l (aeauid HP-5 L = 30 50
70 90 wag 110 AT r=0.5 Jadluns v=0.25
fadans/unfl quuaiiacil 100 ssmwaldea) lawua
Iﬂimimmwﬁﬂgﬂﬁl 1 nud g oA ue12989

ARRUILA LY LT dINalrAS muTulnwazaIny

nisweagufinuintu uazdsanueivesaedu
unduansietearldinanndeuilunedutiuiy
Py dwalianuniiwesguiinniedu udai
Wuvesfinazdinanas ieanaunsinmddeuas
Td'muruni1snsgateaanuuln@ (normal
distribution) mﬁmzﬁﬁyumﬁﬂﬂmmﬁ’u ety
idlomuemaeduuniy gmﬁﬂ%ﬂ*ﬁwﬁu dama

Ivianuaavesiin g(X) anas (1157197 3)

3.2 Anwnavasn1susuidusituaudnang

Yasnoaul

14
12 -
10 -
8 4

6 4 —r=016cm

4 L

0 5 10 15 20 25
ty (min)

—r=020cm

——r=018cm

Intensity

—r=01ldem
——r=012cm

Ul 2 m3sdranaufalasanlnunsuves n-hexane
(E=0134S=0100A=0B=0.098uaz L =
2.763) lngldmadut HP-5 (€ = 0S = 0.305 A =
0.260b =01=0561uasCc=-2313)L =30
WA F=0.12 0.14 0.16 waz 0.20 Uaduns. V =

0.25 fadans/u1i guuniiagi 100 sarLvaLTeE

A1579% 4 A1 tr 0 uag g(X) Aldannisinasaiie

Ay 0.12 0.14 0.16 0.18 wag 0.20 Hadwns

I (mm) R (min) o g(X)
0.12 0.092 17.872 4.125
0.14 0.075 14.476 5.071
0.16 0.059 11.438 6.300
0.18 0.045 8.757 8.473
0.20 0.033 6.434 11.082
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INNITANYINAVEINITUTUT AT V03
ARANULAENITTNDINANITIATIZN N-hexane F1Y
wadaudalasulnns il (redud HP-5 L = 30
WAT I =0.120.14 0.16 0.18 uay 0.20 adiuns
V=025 faddns/u1i auugiaci 100 asm
waldua) lanalasanlnunsy dagud 2 wuiidedu
KuguinansesaedutiiistuazdsualiEinudy
Insiuazauninsvesgiufinanas Lesandadau
Uiinauansiegereniiamieauenivesaedu
find oudilunedunlfididurugudnansninsag
unnImeduAfidurugudnanauay Sevinlild
nanfliedeuiluredutiosauile duriugudnans
vosnedunianntunazdsmalinruniisosgudin

LAUAY (15799 4)

3.3 ANWINAYBINISUSUDASINITINAVD4

AFNINUADLAFLATUINBATY

25
2 0 ——v = 0.20 mL/min
E’ "y ——v =025 mL/Anin
7}
q=) ——v = .30 ml/min
£ 10 4
- | ——v = 0.35 mL/min
5 4
“ A —v = L.40 mlL/min
0 T T T
0 5 10 15 20
fy (min)

U 3 madasauialasuilnunsimes n-hexane
(E=0134¢S=0100A=0B =009 uaz L =
2.763) lngldmoduil HP-5 (6 = 0'S = 0.305 & =
0260b =01=0561 uay C =-2.313) L = 30
RS = 0.5 Jadums V = 0.20 0.25 0.30 0.35 Way

'
a =

0.40 fladans/u1i aaumiladi 100 DI waLTYE

Y

INNISANYINAVRINITUSUSMIINT I Mavea
LAANTIALNNTIIABINANITIATIEI n-hexane A28

wmadawnalasulnns i (L =30 wums r=>5

Tadtums V=020 025030 035 kag 0.40
Tadans/unil gaumaiiaci 100 sarwaidea) lana
ulasunnunsudsgudl 3 wududlesnsnisiva
vosuBaninduavdmalidmudulniuagany
nisvesgiufinanas 1l esanarsdaodsazgn
winslneutanliadeuilunedulliistu Fuh
Tildanndouilureduiidesauiiesnsinislva
yosufanunniu dwalinnuniswesgufinuay

AIUAZANILTUYBINNGIUY (M1599 5)

a3eil 5 6 tr o way g(X) ldnnnissasadle
A1 Vv 10u 0.20 0.25 0.30 0.35 way 0.40 fadans/

W9l
V (mL/min)  trR (min) o g(x)
0.20 12.566 0.065 6.137
0.25 10.053 0.040 9.896
0.30 8.377 0.028 14.027
0.35 7.181 0.021 18.627
0.40 6.283 0.017  23.169

4 ANEINAYDINISUSUD ASINITLNY

ada o

3
gamiiniisaufalasunlnunsy
NNSANYIHAVDINITUSUSRSINS Lraes
ADE UU LAEN1TVIADINANITTLASIEW
Chlorobiphenyl srematiauialasuiinas i (L =
30 WAT F =5 1883 V = 1 Tadans/uii y =
6 9 uaz 12 sarmudeaea/ui) lenaidulasuin
unsuFIgUR 4 wuduflesnsnisiinvesgungi
g uardsnaldasimudulnitazanuninewes

=

F1UNAanas 91n5UN 4 (n) 1l elwamsinisiiy

<3 Y

a o, = = =1 U 1 v
gl 6 asrdualea/uii a1siiegeayld
VANAFEUNIUABANY 25-45 UNT weLlDLIANERT)
maingauniiidu 9 uaz 12 eswduadua/uil A

UM 4 (0) uag () mudsu a1siiegeazlding
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waeuilureduiianasnde 20-35 uay 15-30 Wl
AudU Lesannideanssegslasumnudouas
nszdlilaianavesasiesnadindanuaaifiu
Fundouiilureduvldsidu 1naidiad oudily
ﬂaé’uﬂﬁﬂﬁaamLﬁa5mwmnﬁmaaqmmmﬁw’ﬁu

WINTukaramNalinuNIweIgIUinLAUAY

35

3

I
O

o

Tntensity
n

(\ /ﬁ

tR(mm)

b4
o

s in

45 50

=
P

Intensity
~ w
nwoinow i

= -
o=

= i

o

Intensity
= e W a
e in e Bow in o

e

40 50

=

tz (min)

Ul 4 msdraswufalasunlnunsuvesnay
a15UsznoU Chlorobiphenyl Tngldnaauil SPB-
Octyl(e=05=0305a=0260b=01=
0.561 uay € =-2313) L =30 s r = 1.25
Tagluns V = 1 988a05/u19 ¥ = 6 (n) 9 (V) waz

2 (m) peATYALTYE/ U

3.5 Wisuisulasunlnunsudi ldainnis
I1009LAZNISTNAADIDIY

M.K. Zanjani et al. (2006) [8] 1o & W uwn
NAIUITINITILATIZUAITA108 19 n-alkanes Iuifw
Tneldimalla headspace solvent microextraction
gas chromatography Tnsrwiseitlasunlnunsud
naAdedsnd i (Uil 5 (1) Wisuieuadi
Innvnaesniazanmssiaes Inaflansios e
aulastanun 8 @13 Iiun n-heptane n-octane n-
methylbenzene  n-nonane  n-undecane  n-
hexadecane n-tetradecane L& ¥ n-octadecane
(AR veE 36 061991NAUNTS LSER Wanasamsns
7l 6) Imaé”saﬂwﬁwgﬂ’imﬁwﬁﬁw Hewlett-Packard
5890 series Il A9&a 1Y DB-5 (5% phenyl + 95%
methylpolysiloxane) fused-silica capillary column
(A1Aafl LSER 403A0dut] e = 0s = 0.294 @ = 0.241
b=01(=0571c = -1.927) uaglenamsinaaslasin
unsu ﬁqgﬂﬁ 5 (1)

T. Sun et al. (2019) [9] AR AUNHAIIUT T8
NNILATITNE5A 29819 n-alkane Ineldinatin GC-
FID Agilent 7890A gas chromatograph AANY HP-5
(AR LSER vaspadut] e = 0's = 0.305 a = 0.260
b=01=0561c = -2.313) Inefasiedeiiaula
W 8 @13 1ur n-hexane n-heptane n-octane
n-methylbenzene n-nonane n-undecane n-
dodecane wag n-tridecane (g‘dﬁ 6 (n)) (ﬂlﬁmﬁl“uad
AN3F0E199NAUNT LSER Wanasan1s a7 7) waw

ekan1s91aedAsanlnunsuasgun 5 ()
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dlawssuifisunaiildannissiassiunisnaaes
S39fil@sunsanud nuindleSeeddu tr vadun
azd1379E197 91 N1591a0IRSIA UNARINANT
wmamﬁaﬁgwm (mi’mﬁ 6 wag 7) Asnudulng

wazdndIUVDT AMULTUVDINN TEFAINN1TINA0IRA

JalnaLAea uUNaN1SNAaDI939 Ll BUIAISINUTY

17397 191NN1SNARDILALAITINABIUIATILIIE

correlation plot ﬁﬂgﬂﬁl 7(n) way 7(v) wualaan
R% 1¥u 0.9532 uag 0.9896 ARy

ﬂﬁi’]\‘i‘ﬁ 6 ﬂlﬁﬂﬂﬁ LSER way tr PMNNTTAAENITNAaRIEWALln GC-FID Hewlett-Packard 5890

series || ApANY DB-5 (5% phenyl + 95% methylpolysiloxane) fused-silica capillary column L = 20 Luns

r = 0.26 fiadwns V = 5 Jaaans/ui To = 40 asrweadea (Junan 2 wiil) Tr= 120 aamwaided

waz ¥ = 8 e Ldealloa/unil vesansmednlaannsinszasdunsdluun [8]

o tr tr
R E 5 A B AINN151809 AINNNIINAaBDN
n-heptane 0.135 0.097 0 0.102  3.251 1.60 1.50
n-octane 0.141 0.099 0 0.103  3.781 2.12 2.40
n-nonane 0.148 0.104 0 0.106  4.243 2.10 3.10
n-undecane 0.152 0.114 0 0.105  5.303 2.84 3.60
n-tetradecane 0.199 0.144 0 0.106  6.744 5.14 5.10
n-hexadecane 0.217 0.175 0 0.092  8.174 8.72 6.80
n-octadecane 0.226 0.235 0 0.111  9.445 7.56 7.20
methylbenzene 0.708 0.596 0 0.223 3418 9.28 7.90

A15197 7 AR LSER wag tr 911N15818096AYN15VAA8IR8WATA GC-FID Agilent 7890A gas

chromatograph AeauY HP-5 L = 30 wuns i.d. = 0.25 faduns V = 0.6 fadans/uii To = 40 asrndea

Weoa (Junan 1 wnil) Tr= 160 semwal@ivd uaz ¥ = 10 ssddoadoa/uii [9]

v tr tr
FANIAIREN E s A 5 AINN151809 AINNNIINAaDY
n-hexane 0.134 0.100 0 0.098 2.763 2.60 2.74
n-heptane 0.135 0.097 0 0.102 3.251 3.70 3.55
n-octane 0.141 0.099 0 0.103  3.781 4.90 4.87
n-nonane 0.148 0.104 0 0.106  4.243 6.20 6.30
n-decane 0.148 0.109 0 0.105  4.805 7.80 7.52
n-undecane 0.152 0.114 0 0.105  5.303 8.80 8.50
n-dodecane 0.171 0.129 0 0.108  5.777 10.00 10.30
n-tridecane 0.187 0.146 0 0.109  6.293 11.00 11.8
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()
0.15 8
3
1
2 s 5 7
0.10] 8

S T

-0.01 - T T
0.00 4.00 8.00 12.00 16.00

0.2
(V)
6
0.15 oo 78
o1 ] |14 ’l
0.05 ] ‘ | ‘\
0 . ‘\ .-‘l‘.‘l“. _ .
0 4 8 12 16

$o S R M~

n-heptane
n-octane
methylbenzene
n-nonane
n-undecane
n-hexadecane
n-tetradecane
n-octadecane

3UN 5 1asuilvunsuainn1sinsgiansiiegng

n-alkane flasunsAsium [8] loun n-heptane n-

octane n-methylbenzene n-nonane n-

undecane n-hexadecane n-tetradecane Wag n-

octadecane NlANNAAD99349 (N) LALN1TINADY

@) Tnewaila GC-FID Hewlett-Packard 5890

series Il ARdNY DB-5 (5% phenyl + 95%

methylpolysiloxane) fused-silica capillary

column L = 20 wes i.d. = 0.26 faguns V=5

adans/u1i To = 40 asrBoadea (Duian 2

u¥) Tr= 120 aamalded uag ¥ = 8 83A1

\Fealded/u1i

F 2
()
n-alkanes 8

(v) 8

h‘.‘

0 4 8 12

31]17; 6 lasanlvunsaanmsiinTesiansiietne n-
alkane lgSumsaiun [91 l6uA n-hexane n-
heptane n-octane n-methylbenzene n-nonane n-
undecane n-dodecane W@z n-tridecane ﬁlﬁmﬂ
VAR (N) wazMsinaes () lnewatin GC-FID
Agilent 7890A gas chromatograph padad HP-5 L
=30 w5 1.d. = 0.25 fladwns V = 0.6 fladans/
19 To = 40 esrm@eadea (Junan 1 wi) Tr=

160 samwalded uaz ¥ = 10 osrGealdea/ui
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—

m

=T = I~ - -
1

Experimental 7,

T T

0 2 4 6 8 10
Simulated 7,

—
=

4

p—
[
.

)
[~ B —]
1 1

R?=0.9896

Experimental #,

S N B
1

0 5 10 15
Simulated #;

U 7 Correlation plot 5z tr filéfannms
vpaes (Experimental tR) Lag tr 7ilfanmsdaes
(Simulated tr) veanAdeTilssunmsanu [8] ()

waz [9] () &1 R?= 0.9532 waz 0.9896 HUA1GU

4. a3y

INNITANYINAVDINITUSUAIINY1ITD
ApaLY SATlvaImeaull onsINNTInaveLiaNT way
Sasmsiiingaumgll Idawasgdlsdoranlunis
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Abstract

This research focuses on the application of optimum search techniques in combination with reservoir
system simulation models to find appropriate rule curves for reservoirs. It uses the objective function of finding
the answer. The answer searched for is the average of the least water shortage, the frequency of water
shortages is minimal and the average of the least overflowing water. This research uses analysis of historical
inflows data each month that flows into the reservoir. Related to Huai Luang Reservoir, Khok Sa-at Subdistrict,
Mueang District, Udon Thani Province for the period from 1984 to 2023, including information on water
demand. and hydrological information This also includes physical information about the reservoir. These data
are used to find appropriate models for creating curve rules to control water flow in resenvoirs. In addition, a
series of 1,000 monthly inflows events into the reservoir are simulated to evaluate the effectiveness of the
rule curves generated from the model. This results in situations of water shortages and overflow. by specifying
the time period of the event average water volume and maximum water volume. This research found that
the rule curves of the reservoirs are similar and tend in the same direction. Although there are points with
slightly different values. Testing and comparing the rule curves obtained from the Genetic algorithm (GA) and
Wind Driven Optimization (WDO) models with the current rule curves. It was found that the rule curves
obtained from the model had slightly better performance, with GA giving the best results and being suitable
for normal water situations. The results indicate that the feasibility of using GA models to develop reservoir
rule curves is highly feasible. This can lead to a significant improvement in the efficiency of the reservoir rule

curves. and help to make water resource management in the future more efficient.

Keywords : Rule curve; Optimal value search; Genetic algorithm; Wind Driven Optimization; Water

management
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Abstract

This research aims to study the arsenic adsorption ability and kinetics of biochar made from
longan peel. The biochar made from longan peel was pyrolysed at 300 500 700 °C for 4 h and then
was dehydrated in a hot air oven at 105 °C for 24 h and was put in a desiccant jar for 24 h. For the
adsorption experiment, 50 ml arsenic solution was mixed with 10 ¢ of biochar and was shaken for
0.51246 12 and 24 h using speed of 200 rpm. The experimental results showed that the biochar
made from longan peel at pyrolysis temperature of 300 °C and 500 °C at 24 h had the maximum
adsorption value of 34.57% and 30.77%, respectively, and at pyrolysis temperature of 700 °C at 12
h had the maximum adsorption value of 98.71%. Furthermore, at pyrolysis temperature of 300 500
700 °C, the arsenic adsorption kinetics of biochar made from longal peel were consistent with the
Pseudo-second order equation and the arsenic adsorption quantities at the equilibrium point were

found to be equal to 98.04, 78.12 and 238.10 mg/g, respectively.

Keywords : Adsorption; Biochar; Heavy metal; Arsenic
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Abstract

This research focuses on the development and performance evaluation of a portable hybrid
power supply, which can be charged from both household electricity (AC) and solar power systems
(DC). The prototype is compact, portable, and capable of delivering electrical energy to both
alternating current (AC) appliances with pure sine wave output and various electronic devices such
as smartphones and laptops. The findings reveal that the hybrid power supply achieved an average
energy conversion efficiency of 78.70 + 1.79% when charged using household electricity and 77.92 +
2.05% when charged via a solar power system. Under the condition of daily energy consumption of
approximately 1 kilowatt-hour (kWh), the system can operate continuously for up to three days.
Regarding operating costs, the hybrid system proves to be more economical than conventional fuel-
based generators, particularly when integrated with solar panels. The cost of electricity production is
significantly reduced. Furthermore, a cost-benefit analysis indicates that the investment in this hybrid
power system is highly cost-effective, with a payback period of only 9.8 to 11.9 months, depending
on the proportion of charging from household electricity and solar power. In the case of using 100%
solar energy for charging, the system can reduce annual electricity costs by up to approximately 7,998

THB, compared to using a conventional gasoline generator.

Keywords : Mobile hybrid power station; solar cell; efficiency; break-even point; renewable energy
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Abstract

This study investigates the impact of solar radiation intensity and the geometrical parameters of a
roof solar collector with a single-air channel (RSC-SC) on natural ventilation performance through
numerical simulations. The mass flow rate of air was selected as the primary indicator of ventilation
effectiveness. SolidWorks Flow Simulation was calibrated using the classical vertical heated plate problem,
and three-dimensional airflow simulations were conducted for a model building sized 1x1x1 m, with
perfectly insulated walls, floor, and ceiling. Key parameters examined include solar radiation intensity, inlet
width, under-roof channel width, roof tilt angle, chimney height, and diffuser angle. The results revealed
that all variables significantly enhanced the mass flow rate. For example, a 25 cm chimney increased
airflow by 62% compared to no chimney; a 30-degree roof tilt improved airflow by 90% compared to a
15-degree tilt; increasing the under-roof channel width to 15 cm enhanced airflow by 47%,; and a 9-degree
diffuser angle increased airflow by 29%. Higher solar radiation intensity also corresponded to greater mass
flow rates. The validity of the simulation results was confirmed through comparisons with both calibrated
benchmark solutions and experimental data from previous studies. Consistent trends between simulations

and experiments underscore the reliability of the simulation approach adopted in this research.

Keywords : Roof solar collector with a single air channel; Natural ventilation; Expansion angle of the

air channel
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The Effects of Fabric Softener from Pineapple Bioextract on

Tenacity and Stains Removal on Textiles
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Abstract

The objectives of this research were to study the preparation methods of pineapple
bioextract and the fabric softener from pineapple bioextract. It also investigated the effects of the
fabric softener from pineapple bioextract on tenacity of fabrics, stains removal ability, and storage
stability. The results showed that pineapple bioextract without bad smell was obtained by fermenting
pineapple with White EM (White Effective Microorganisms) at room temperature for 23 days and could
be used to produce fabric softener. Silk fabric soaked in fabric softener from pineapple bioextract
had average tenacity more than those of soaking in commercial one both in warp and weft directions,
whereas cotton and polyester fabrics were lessen. Fabric softener from pineapple bioextract did not
significantly affect the tenacity of cotton, polyester, and silk fabrics at the .05 level. Additionally,

fabric softener from pineapple bioextract could remove milk and chocolate stains on silk fabric.

Keywords : Cotton; Silk; Polyester; Fabric softener; Pineapple
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Abstract

Agricultural residues have significant potential as feedstock for biomass power plants. However, they
have high variation of properties, compositions, and seasonal availability. Blending material becomes a
promising strategy for addressing these limitations and improving the energy efficiency of residues. This study
examines the properties and characteristics of five biomass materials including rice stubble (RB), rice straw
(RW), sugar cane leaves (SL), cassava leaves (CL), and cassava rhizome (CR). Material blending strategy is
examined based on seasonal availability in order to produce biomass pellet. RB, RW, and SL are categorized
as the primary materials, with the remaining materials serving as supplements. The results show that CL,
SL, and CR have the highest Higher Heating Value (HHV) of 19.29, 17.49, and 16.92 MJ/kg, respectively.
Meanwhile, RB and RW show lower HHV levels (14.20 MJ/kg and 14.31 MJ/kg, respectively), which are
below the heat standard of biomass pellet. To improve the energy property of pellets, the biomass blending
techniques were suggested. The two-type blending technique reveals that SL:RW at 80:20 ratio has the
maximum heat value of 16.08 MJ/kg. Three-type blending shows that SL:RW:RB in a 60:20:20 ratio has the
highest heat value (15.68 MJ/kg). The energy quality of pellet can be increased by blending with the higher
HHV materials as supplements, such as CL and CR. For example, the RW:CL (50:50) produced the greatest
HHV, 16.25 MJ/kg. The biomass blending approach can provide the solution to the seasonal variation of
materials proposed as an altermnative use of residues to produce fuels and reduce material shortages and
storage costs. Using agricultural wastes has a number of environmental benefits, including reducing

harvesting burning, providing a carbon-neutral fuel supply, and promoting the circular economy.

Keywords : Biomass; Agricultural residues; Biofuel pellet; Biomass pellet fuel
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U3ua Anaudi wagesAusenau (4] wenannuu
wadTngAvdintamanddrulvgiuivdniun
USUIRSHIN UaEANUMUIUUTNINAIWAN YinlAd

sunulusnunsdaiuuagnisvudaas [5]

v v
o v

Tun193deas el §37eldvinsdnwriiy
wisvgRavdnluiuiidminumansanu S 3 «le
fun 417 $08 wazdudUznda Fanuindil ui
wzUgnannfige TauveTandindef a1nnns
wzgnéfeddnaamitaduyiim uasaaiausAng
Wiy madnueuntid [6] wandliiduintan
wiEofmnenisinuns 5 sz léun sedednn vh
117 Tuges Tufiuduends uazmiiuduends (3U
1) mmia‘Lﬁmwé’Nmmm%’au%uqq (HHV) 7
wnzassen sl iudomas Inglutudsndden
HHV 117U 19.29 MJ/kg 509a331Ae Tudos way
Wi ud Uenas dA1 HHY 17.49 way 16.92 MJ/kg
(HHV) n3e @y @ sTannand daulug Snngld
Uselemiition wasgnuniisians (7] Tevhednnasd
nsilldvannvanedian daumeda fuiundes
flUdvsdnd daundon sluldldusslon
wudeivluges Tuifu wasmingu Alsilsgnin iy
Ustlowd axgnuaoeidliluiiuil uasshnawnsiud

v & A a4 A v =~ '
NaWNULNYT ‘VﬁaLﬂJE]C‘]ENﬂ"IiTJQﬂW%1U§@U§]@1ﬂ

Qa3vI" wWivdd
(Rice stubble : RB) (Rice straw : RW)

o M,

wodud kv

dudiuzndv
(Cassava leaves : CL) (Cassava rhizome : CR)

3UN 1 Tanmdeiananisinunsitldlunisding
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¥
] a

Womdstnmdadia (Biofuel Pellets) 50

Fnduludndein Wawndsdiuladauin (Biomass

@allp

Pellet Fuel) luidoinasiinananTanmieiimie
YBUFYIINNYATNTIN NTUUTFURENT TN
nanung gaaminssutildl wWu $1des wWiend:
Wst Fetralne (Judu Inorunszuiunsidia
ALY (Densification) Suguliidnwae iy
nouldng niowdn (Pellets) [6], [7] n156ALdin
Woindsdsuaransifiuaumuuun1maany
wazeuasuvesian duduusglovidenislday
MIINAY waznITVLES
LLmﬁmmiﬁﬁ'aﬂmﬁaﬁquﬂmimwﬂu
fuflimnnzgnudanafudsnmdndudomas
wuaddesiAanatsUsenis 1l 0991nAN
vanvatevesviaiy Ssdwmaroussianiannde
79 AnansAuazosdUsznaun1enIenIn Lo
Fanm TanaEnTimaEeny aunmianai
Tiiasiane wagaruUsiuduUiinaesTanny
gania i linsldTandmaisssiamedlunis
wﬁmL%al,wé‘ﬂﬁmmL?‘iawiamsﬂizauﬂmymi’amm
uAaY samﬁgﬁwmi’a@ﬁqﬂumwﬁanm
nuATsluefaladwuAnnsNauNa LT
wawlfifendndomdsieingUszasdanem fu
U Manandemdsdnatuidomastiluiioan
nsldidoidloada (8] nswauTanmdediaan
F1lwaid ssdniduauiud eanusunanisly
dufiu [5] MswauLnay 1130w fuduiiuiioan
nsldanuiuiazuaniizainnsidaiuiu [9] uag
nsnauldfautuTanumdoftanndunurliiedanis
Yauduainnisiwnizuan [10] egslsinig wuin
nuiTlusdnyudunismdnvendes wsediniy
worewlunisuaunaiuiani eanuuaian
mﬂmf'm']iﬂ”@umQmauﬂﬁmawﬁmmmawﬁaL‘wﬁa

FIUIRINNSHAUNA

AEANUNIMIETUATUANUNAINNAI VDS
fanvradnnnuazamn sadoadeladdiam
WUINNNTHAUNAUTAR Y198 (Biomass Blending)
fanzay Wensudnd adsnanud e
manuas lown 91 dee wardiudends lnsende
NITUIUNIDARULTIIA (Biomass Densification) Tu
EULLUUL%aLwﬁﬂé’ﬂLﬁm (Pellet) NFEUIUNTNANNAIU
Funauaznandndowdsada dwalirnauiou
LAZAILMLLL LN 191U R L 0 1 18
NANA AT oA Wi ATmAmu (Durability) 15 ose
mafiuindrses duedensvudarlduselovl

= 1%

llﬂmﬂ’]Wﬁ]’]QJﬂ’J’mmENﬂ’]i“UENINiWﬂ’] PBVUIALAE

q

JUnsanaiawe

L%

2. s2gUl598
2.1 YUNBUNI5IY

2.1.1 JULUUNISNANHEUATA TN
NTIFEANYINTLUIUNTHAUNE T AT D
NaneMsinua s dauaud@uans1aiy ey

Useans nnenundsnusasidumadaniunisliian

q

'
=

WA DTN NN YATHABANIY NISANYILUITIAR

aulavia 5 Ussuaneenidu 2 nay uUIuaTEn
whgmaoasdmeluiuidminmmansaa 111 Tng
wUanguUszLanTan i usantsnanig iy
“Janudn” leun neded (RB) wet RW) wazlu
§ou (SL) luvauedi Yandisinandmios dalHidueTan
wsn” o TuludUenas (CL) wasmiduduenes
(CR) Taom131971 11K uansdosaned Usznoy
InguszanaesianunausiazUsuinn

mMsAnenszuIunTINaNNEY wiseanidu 2
wwIna leun

1) ManauNauTaUssnn Tanran laun

Pow 9913 (RB) W1aw 17 (RW) waslua oy (SL)
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AT N1T9NLUUEIUNEN (Mixture design) WU
Simplex Lattice lagdl sUkuunsraskaIuignvan
aosguuuy 1oun nswandan 2 vila uaensueian
3 giad 1A iU MUuAdnIdIuNauianuaag
Usznnann 0, 20, 40, 60, 80, 100 % Iﬂﬂ‘lj’lﬂﬂﬁﬁﬂ U
fsdu 21 gansvnans Yanusiazeanisvnaesazgn
ﬁmﬁLﬂswﬁmmmm%’au%uqa (Higher Heating
Value: HHV) uazasd UsenaulagUssuias laun
ML aN35EIMY ASUBUANT Lazidn

2) MSHAUHAUIAN VA NI AU TAATY NS
FivpsnsAnuinaveansnaNa L a0 STl
AnuTeugs laun lududends (CL) uasiningdu
dunda (CR) ilpUFuUTIRaaNTAMINEILYDS
Fanavszsianiaaudn fiaAnmdeudindnnasi
Imaaamwumimammui’aaLﬁ%ﬂué’mwdamﬁwﬁu
iag 10% widasliu1nNndgnsndiuvesiannan
uaﬂmmfmﬁ%’alﬁﬁﬂmmimaﬁa@La%mmu 1 vila
wag 2 wliomdouitu Tuviedy 30 ganTnanes Jag
wiazyanseaesRzgnuiinTEimAIANTeu
a4 (HHV) uazasdUsznaulneyssanas éud anadu

AN33TLMY AISUBUA UaTLN

2.1.2 M5IATIzasAUTENaULATANENTRVDY
CGLRHE

n13TAszviedd UssnaulneUszuu
(Proximate Analysis) 4837 an, PEEIRVER
n15neRs Useneumeauaudinianienin lawn
USiaumudy (Moisture Content; MC) ana33
UIMT§1U ASTM D3173 Anandfniaad laun
USuruansseine (Volatile Matter; VM) 1438
UMY ASTM D3175 USurtuA1s uauaas
(Fixed Carbon; FC) m11351195574 ASTM D3172
wazUIUNauen (Ash) madBu1nsgIu ASTM D3174
[12] n153AsIgiA1IAINToug s (HHV) muds
11N IFIU ASTM D5865-13 [6], [13] Tneldia30q
Bomb Calorimeter Cal2K Ju e2K NARTI ST
wonsn sl

dmdunismesdusznevvendeolesieg T
Wy lawn twaglaa (Cellulose) Ladlizaglaa
(Hemicellulose) @nfiu (Lignin) wazta (Ash) ¥in
N5LAT1EAlAEA5N1S Detergent Analysis [6]

99AUTENBUAIY V09T1I8NTaR L Ude
famamsnuaslundded Ieuaninisd 1

M19199 1 93AUsENaUAINY LasAnauTRMI ALY ianRelan NSNS

JanwANNIaN15INEAT (dry basis)

29AUTENDU/AMENTR

RB RW SL CL CR
asAUsznaulaaUszana (%)
Moisture Content 8.57+0.13 7.70+0.09 6.97+0.11 7.29+0.18 7.22+0.18
Volatile Matter 66.99+0.98 67.14+0.44 75.69+1.05 72.13+0.49 73.74+0.53
Ash Content 12.70+0.45 11.32+0.07 4.31+0.05 6.87+0.28 3.77+0.36
Fixed Carbon 11.74+0.89 13.85+0.51 13.03+0.99 13.71+0.44 15.27+0.14
AuautAMTuall (%)
Hemicellulose 37.90+0.53 32.92+0.19 28.67+0.29 23.56+0.48 11.92+0.13
Cellulose 30.14+0.27 29.37+0.32 37.74+0.49 33.36+0.36 45.06+0.14
Lignin 21.90+0.34 27.78+0.56 26.69+0.32 39.01+0.55 38.38+0.27
Other 10.06+0.20 9.92+0.06 6.90+0.41 4.07+0.12 4.64+0.27
Arrudou (MJ/ke)
Higher Heat Value 14.20+0.32 14.31+0.37 16.92+0.16 19.29+0.37 17.49+0.17

Note. RB: Rice Stubble (maisd11); RW: Rice Straw (W19912); SL: Sugar cane Leaves (lugoe); CL: Cassava Leaves (lugiu); CR:

Cassava Rhizome (111d15T)
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2.1.3 nszvrumasadugiidemddanmuuudin

(Pellet)
NMIANYILANIITUNABNYANITNAR DY

nauna1udInIadi id1adusougsaalunsay

sUkuuNsWaNsay Wethlugnsyuiunssadugy

Y

o

Wondslnmuwuuida IneldinIeswwainniesn
vl Uy aLdn (Pelletizing Press) uu1aLd ue 1
Augna1aUsERN 12 Tadwns lneddisnsdndugy

Aanansluguin 2

v
=

nsdntugidomduuudn asntandii
NsAngesuITUIAUTEINN 3 HadlunT YinsEy
ANUBATNEINVRILA AT YANITNAAY Laeliiand
ArwiuUszanadosay 30 - 35 Joutanusun 6
Alansuaaa3ssdaruin 10 ussh (3U7 3) Tog
sewinensiiued ssazauauguniiunulaslied
Tugiae 75- 100°C ledndugdiludinuds vnde
ouwdsluilaan wazmnuanfuszesnatUsvain
24 73 leanguvninarauiu uasfuing

TanlunyusUaiievinsnaaeusely

duaaufi 1
wsguIagiadnlumsandusy Taslddagneu
Aszuaunsuagasdaaiklduunn 1- 3 Jaawas
\ UIHAUUS0S1EIURAKUD
2 + ]
gunaun 2
dosaqmudasidunislunisnaase
\ Tloslg3aqus:unau 6 Alansy
F ) ‘ H
dunaun 3
thFagRmmsdviEsusanudainiataiovnou
WauuazfmsiamanuiusagiEududis
nganFanxudu (Grein Moisture Meter)
+
#unauf 4
mmswupnududaalosmsawsaitalals:uia
dasa: 30 - 35 uarnmsaiuRauyagiuAdavral

3
= -

Jyuaaun 5
thiagnnsuwaudoluBlumuousdoRvussuna
30 - 45 i wadedhdaqllisluns:uaumsandusy
uvutduuda (Pellet)

UM 2 Jupeunsnseuianlunisendugy

3UN 3 1ATesdalliainds (Pelletizing press)

nsAnwlarnuenaun nveiadoinds

< ' v 2z & a aa a A
aondu 3 ngu lawn 1) Wawamdwlnunmg A
Tdfiseswan Wadaruuing waziduuranss 2)
Womndsnunwlid Asigeindeiilisesunn Juns
Tl uaz 3) Jagiilianunsadatuguidudale
TngazUseludSunnsosaranananainasnia

VBIUARLYANITNAGEY

2.1.4 N1INAFIUAMANUAUATAIUAINUYDY
Wamassadin

1) AruAnTAnInIBn e ToInas

1.1) UYL (Bulk density; ke/m?)
TLAIIERAIUNINTFIU ASTM E 873-82 TagLfin
L%@LwﬁwzQﬂmaqm?jusﬁ'szUzqqmﬂmaumﬂuuz
15 wWwufuns ¥in1sTuinUsuasuaruinin
WiomuImAIILLILTI [15]

2) AuAU (Durability) Usenausae

2.1) A1R1UNIULTINA (Compressive
Strength Test; Newton (N)) na@ausf188196 78
1394 Universal Testing Machine Uuiinua

2.2) AU 1UNIUNITTAE (Tumbling
Resistance Test; %) Lﬁumwﬂaaummmmgm

Pellet Fuels Institute (PFI) 1¥1s3981911%13n 500



RMUTP Research Journal Sciences and Technology, Vol. 19, No. 2 (2025) 93

nduldluniomeaeuiiidnvasidunaesdvaoy
YA 30 x 30 x 45 Wi Tanusilunmsyu
50 soU/unt 1uan 15 unit Fedmdndaedn
domasiinsanmidudiney Auiuvediduiai
FUNIUNITNE [6]

2.3) AINA TUNIUNITUANT AU (Drop
Shatter Test; %) vadeulnnidog 1 omas
Saudintmiin 100 nfuussTlugmaain wiudes
fannseiunnngs 2 wasasgiudiuug 3 ads
ﬁ’uﬁﬂsﬁaaﬂaﬁmﬂfﬂmaﬁaqﬁmamwhjme'i"gu uay
ATUIMLUDS LT UM AITUA TUNTUNITUANS U
(11913314 ASTM 3083) [15]

K &

2.4) msqm%uuﬁ‘uaqmmﬂﬁyal,wﬁa (Water
Absorption Test; %) ﬁwﬁaaaﬁmmﬂuﬁwqmwgﬁ 27
°C sedfutings 25 fadiuns iunan 30 Jundi tufin
doinudinsvageu Lﬁaﬂ"wu’smma%uﬁuﬁmi@m
Futh [6], [13]

3) AENUANINGU (Energy Properties)
ﬂ’]i%ﬂaaUﬂWmm%’au@ (Higher Heat Value;
MJ/kg) ‘Ua\‘iL"deaLwﬁﬂﬁwLﬂ%m Bomb Calorimeter
1A% 09MLBNNIAT Cal2K Ju e2K nAnTi Ussina

won3nle” (WmsgIu ASTM D865-13 [6], [13]

3. Nan1sANEILazaAUIIUNE

3.1 asAUTENAULATAMANTAYEITAALED
favnansinenas
arUsnaukazAaEuTRvesTan Tty
Yadudrdglunisfiansundenianuindnilu
Jeonds 21nnanisdinsigyidennsnad 1 wans
am‘ﬂﬁzﬂauLLammamﬁﬁﬁuaﬁaqmﬁ'aﬁqua
nsinuasilslumsdneia 5 Yssan Téud nod
411 (RB) ¥t (RW) Tudae (SL) Tusfudugnds
(CL) wazimddudrvena (CR) wud1 Tudu
dUgnds (CL) farmnufougafian 19.29+0.37

MJ/kg 5098911 laun tnitdud1Uguas (CR)

17.49+0.17 MJ/kg wazlue @ (SL) 16.92+0.16

o A

MJ/kg muddiu ilesannidunguianiifiusunaans

o 1

sewe ATusuAs Anfiu uavigagladludadiud
g9 uwazdivsunand e Fadunuaudfnddguas
dwasioA1nuiouiiavesian dunededn (RB)

o A

wazsetn (RW) iunduianiifisanuieusiniy
A9 14.20£0.32 MJ/kg Uag 14.31+0.37 M/kg
addy Sednunzdduestannduilfofuium
Wig9 [7], [11] egslsfinny wuiaraueuves
’Jfa@gmﬁaﬁamaﬂmwmﬁu’a 5 Usziamileniigand
wazlndiAsaiuTandunadiliduingAvlulsdudi
Famalutiagiu Iiun Tulsl (17.7 MI/ke), unau
(14.6 MJ/kg) wazdrunansynd 193 ulal: wnavu
(50:50) (15.8 MJ/ kg) [6] ¥NAANTAUAIUNIATFIU
190.2772-2560 ieinassnidadasdaausoulsl
Toandn 14.5 MJ/kg [15] Fsaziiuin aedednn (RB)
Lazn19919 (RW) danaufousnnitinmud
TR L AT A Fedumnazilurdndudowmas
dawdin azdedinisuiulsnaaudinimdssusie

nskaunauTanesulutunaunsfnysiely

3.2 NITUIUNSHAUNEUIANYIN

3.2.1 MINENNEUTNRUSTANTEUEN

N3ANYINITUITARUsELannanain
Uinmunandalufiuiivanus lnsudsnszuauns
maumawuﬂa;ui’a@wa"ﬂﬁy’a 3 ¥iln w9017 (RW) mads
117 (RB) warludes (SL) senilu 2 sUuuu leun
MISNANNEWIEALUY 2 ¥in waziuy 3 ¥ia N
msfnwnuduNaNlimA L Seugeian Taun
ludee (SL): w1999 (RW) Tudnsrdau 80:20
(16.08+0.25 MJ/kg) wazluses (SL) : noHs917 (RB)
(80:20) TlHAAuSou 16.06+0.20 Mi/ke luvess
Adunauszninamodsdn (RB) : 19912 (RW)
§m31d2u 60:40 IWA1AuTouAT an og 7
14.58+0.10 MJ/kg (U7 4 uae 5)

Y
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Yonand nuinnsiiiudadruvasdudos
(SL) Tunndrunauazdnalinininusauveaian
waugad o iitedndy Tasiawe Tanfidarenu
Loumetnimed a9 (RB) waz W1sdna (RW) Tumauy
finsNALNATTEIIUS I UNeF 1) (RB) waziing
$17 (RW) lalfinasionisidsunlasvessaudou
oghaliifodndty (3UT 4 uag 5) FallmaeYaniisaes

Usennilasrusenaunaaienaeny

pZZIR8 EEEIRW ===
17 +eeem- p==RBRW = RB:SL e RW:SL

av (M)/kg)

mANUSDU

80:20 60:40 40:60 20:80
sasrdcunaudouda (wt%)

JUN 4 Ananudeudugs (HHY) annsuauna

o

auuy 2 vila

1 mrReRW:sL(20:20:60) £ RBAW:SL(20:40:40) [C] RB:RW:SL(20:60:20)

E [ RB:RW:SL(40:20:40) [3) RB:RW:SL(40:40:20) ) RB:RW:SL(60:20:20) T

=

Mmnaxnudougv (Mi/kg)

s S

; t

1

1

1

R A R T
1 1

1 1

1 1

|

sasidounaudouda (wt%)

311171 5 mmm%awf?uqa (HHV) 21 skauneanu
Tanuwuu 3 vila
mmmmgmmﬁmﬁmsﬁqmamﬂﬁuLG?JyaLwﬁa
Funaudadinvesusvmelne (en. 2772-2560)
Femmuarinudeurendomaslisini 14.5
MJ/kg [15] agWuI1 PN 21 YANIINAADY Y

YANIINARDINTAIAIINT UGN WNUIIATTIY

UL 19 YANITNARDY LardldIUIU 2 YANIS
NAABINTAIAIIUTOUAINTUNUNNINTFIY FD

#8999 (RB) wazn19913 (RW)

3.2.2 MINANRAIUTWIaUTTAN TR AT UL
USuusanauantintanasau

Funavssantagaiu Aotaqmiofians
nanunsfiiusinamandndesluiui Téud Tusfy
d1gvas (CL) wagwmindiudenas (CR) wsi wui
\utanifannudeugs m1s3dedslddnumanes
nsuaukauTansaend iU Taaudniidaiaanm
Soumae nedain (RB) wazvhsd (RW)

nsfnwinuinswaunauluiudlends
(CL) siameiunedItn? Tudnsndiunee) damal
AIANSDURNTY 4.7% - 13.5% laedamdndily
A1ANTougeiign Ao nedatn (RB): lusty
dgnds (CL) 50:50 Bsloimauienfufunisua
Tusfuduends (CL) Aurhedn RwW) Tuvaziing
Haudaguasueg 1 unindudiugnas dewalvirininy
Yougsuasmodauazrnadruiuiu 4% - 12% uay
3% - 13% mud U dauandlugud 6 uag 7

20

RB ==cL
19 F--- ss§cr == RB:CL
=@—RB:CR —=@—RB:(CL,CR)

{MJ/kg)

o
-
@

Anusaugo
-
(3]

100:0 90:10 80:20 70:30 60:40 50:50

dasidunaniuda (wtk)

JUN 6 AnAuTauTuge (HHY) InmsHausa U,

walssnianasuiunedstn (RB)

NsAnwlanAaeINISHANNATLIANET U

A09RAL9287U (CL, CR) Tn8NaNISANE AR
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§w%waﬁummﬂﬁwi’aaLa%‘uﬁ”laamgmmu WU
wualtuguifeafunsdiinfanadufisadodion
Imamﬂ%ﬁ’ama%mﬁuqaawﬁﬂ (CL,CR) NaNKN@1UAY
Tamadauazretilugnardan 50:50 anansouiia
Araufougvosianligedu 14% way 13%
AUEIAU wazdA1AIIUTOUGIEA 16.18+0.25
MJ/kg W82 16.24+0.25 MJ/kg @a19U fauandly
gﬂ‘ﬁl 6 Wag 7

20

[ZZZ)RW E=cL
19 +--- =SCcRr = RW:CL
18 =@—RW:CR —@—RW:(CL.CR)
R LT ECCHEESEEREEES = B
=~
3 17
2
&
¥ 16
(o]
)
2 15
[o}
&
‘T

100:0 90:10 80:20 70:30 60:40 50:50

sasdounaudouda (wit%)
JUN 7 A1muSeoutugs (HHY) 9100 swasunay

Funausznndanasunied (RW)

3.3 NISHAALTBINAYD LA (Pellet) 910

NSHANHETUIEAVRBNININTNEAT

& a v <
3.3.1 AUNTNUDILYDINAIDALAUA

[ d

N38ATUTULTRLNAINNTNAUNAIU TER T

q

' v & a v & da Y a )
HIANUIN 1@Lm@LWﬁﬂaﬂLNﬂWﬂﬂmﬂ7W1ﬂaLﬂENﬂ‘LJ

o =

wutanfigydevioliaunsodntuguldlusnsan
fndAsslusazyanismeass Tnenudeinasi
faunind dauduing wagludsosunn oy
Usgum 86% Tan il fiquainlad dsesuan
Uswann 6% uaznuuTinataniliaunsotuguld
UsEnas 7-9% uenaIni wudn nsnauHaumi
Fud1Uegnds (CR) Aunadatnd (RB) wazn1a417
(RwW) mmamhaLﬁuﬁmmﬁmwﬁmmmwﬁﬁ an

o

USunautendsnannilid wazannisgadedan

q

v v

FENINNTLUIUNMTEATUTUDOINEY 1aea1nmi
fudendafiviunaudniuduesdusenauiigs e

a a

& a = a g A = o v o g
aﬂuunJua'ﬁau‘WiEJKI‘WﬁLllE]{LUWSU FINUINLUU

@

Tan Usraiun1usssuyiftunssuiunisdada

\Fowwaa [6]

3.3.2 %umuasgﬂs”mmmL%@Lwaaé'mﬁﬂ
°ZJ“LJ’]®LL88§“LJ§"N°ZJENL%EJLwadﬁmﬁmﬂugﬂﬁﬁd

Hadelunmsiinsandadenidemaaiiothuldngn

WA Lnen1uuInsgIuNa adueig nannssy

FeomasTnaudssadavadine (en. 2772-2560)

o

Funnun 1 uay 2 dvueliidemasosiliduru
Audnans Faust 61 - 2541 faBiuns ANUEINLAY
Faud 3.15 - 40.0 fiafluns Arwenangalites
n31 3.15 dadiuns Aue13gegalaiiu 45.0
fadns wagdanuenaiiAunit 40.0 Saduns Ll
Audevay 1 (ermtn) (15 L%amﬁqmﬂmmmms
naaes Midusugudnans ogsendng 11.7 - 11.9
fiadiuns Lads 11.8 faAlAT LATULIAAINENIVDS
windewmdaadsegd 3.79 - 5.06 fadiuns ng
Jowmdsiiiianuenuriaadsgeiiande iy
dsnds (CR) uasdowdsiifienweiniotioniign
fo nodednn (RB) : T (L) (20:80) Faidaunds
Soudan ndnldannis@nwimuinaenadaety

s udemdsianauiwadinvesUssmelng

3.3.3 auautAveud owdedadaninnig
wauwmu"i'aqmﬁaﬁamqmimwm

1) AAnudeuveadiomddnin

Anaudeureutomasiedadenanlunis
fasanfadenidoma i eldlunsuaandsu
Ls?i”aL‘waﬂ‘ﬁ'ﬁﬂ"1mm%@quzﬂhEJLﬁJJUis%%'%mWM
aszuaumsnlug leamdsnuding Tnevlusy
wsguREnfuTgramns T domasiiunauds

daudinvastszindlne (Won. 2772-2560) TuAMAMN



96 2158153YINTITUAL I UNT. WEUAT A1Y1INeImIansuazialulad Ui 19 avui 2 (2568)
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AT 2 AURUILUUNNNAU (Energy Density) Lagn1snAdoUAINAIVUTDUTOINGS

AUAIVUVD LY DINAS

v AUALIUUNNG ” ” >
YANIINAADY  OATIEIUNEN (Wt%) o ANUAUMY AUAIUVTU AMUAIUVTUY
WA (MJ)/m?) v o , o ¥
M3UAE (%)  NSWANIIU (%) NI3QATUU(%)
CL (100%) 12,060 90.34+0.65 99.13+0.21 91.06+0.31
. SL (100%) 10,423 95.86+0.48 99.86+0.04 95.89+0.62
a0
' CR (100%) 10,391 98.44+0.25 99.95+0.01 92.13+0.31
Usztnnien
RB (100%) 9,512. 96.62+0.20 99.83+0.09 88.49+0.99
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RB:SL (20:80) 10,708 96.08+0.06 99.78+0.19 89.03+1.16
NINANKNEAY
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a0
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Uszanuan
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NMsVAdBUAINLFIUNUNNSTREve U T oAU
Womassauiaanuituiamnuduniunisied
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ANMUAIUNIUNISTARHULNUI UBn. 2772-2560
[15] armunliidomdsdunasadnozdalan
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Wownds uaznsfunsenalunuiuey Tnonanis
NARDUNUT AIUATUNIULTINAVDILT DLNE 3
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A131971 3 AeALURAUE UV ILLSINA (Compressive Resistance) Taadaindsdniin

n155UU59nA (Newton)

ONIEIUNEY
YANTINAFDY

' (wt%) WUIR uuIUaU
RB (100%) 7.32+0.30 12.52+0.50

RW (100%) 5.49+0.29 9.55+0.15

”aﬂﬂizmwﬁ'm SL (100%) 3.63+0.55 4.41+0.39
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Using the Convolution Neural Network (YOLOV8) with Cartesian
Robot for Automatic Disease Detection and Watering
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Abstract

Currently, smart farm has influence to more agriculture. Due to production costs have
decreased and productivity has increased. However, the study found that diseases occurring in
plants still require human observation. A convolutional neural network (YOLOV8) with a cartesian
robot for automatic disease detection and watering is proposed in this research. Which species of
cactus are used as experimental model in this research. When the soil moisture falls below the
target level, the robot is moved to the target location to watering the plants and collect images for
disease detection using artificial intelligence. In case a disease is detected, the robot displays an
alert on the LINE application and moves the injector to target position to spray disease eradication.
During the research process, the robot moves to each target location and collects images of cactuses.
After that, artificial intelligcence is used for disease detection and measuring the usage time.
Subsequently, the disease detection results from the before and after images are validated. The
results indicated that the average prediction time was approximately 0.57 seconds and the accuracy

was 90 percentage.

Keywords : Al; Cactus; Cartesian Robot; Convolution; Neural Networks
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Abstract

This study aims to investigate the carbonization process to improve the thermal efficiency of
sawdust fuel briquettes using a cold screw compaction technique. The briquettes were produced using a
single-phase electric motor (3 HP) operating at a screw speed of 210 RPM. Molasses was used as a
binder, mixed with water in two proportions (60:40 and 70:30), and combined with biomass at various
ratios: 100:0, 95:5, 90:10, 85:15, and 80:20. The physical properties evaluated included heating value,
amount of heat , and thermal efficiency. The experimental results revealed that the carbonization
process significantly increased the calorific value of the briquettes due to the higher carbon content,
albeit with a reduction in overall yield. Among the tested conditions, the briquettes produced with an
80:20 biomass-to-binder ratio and subjected to carbonization exhibited the highest performance, yielding
an energy content of 22.46 kJ, a calorific value of 19.80 MJ/kg, and a thermal efficiency of 72.44%. These
findings suggest that carbonization can effectively enhance the fuel properties of sawdust briquettes,

with the 80:20 ratio offering an optimal balance between energy performance and material utilization.

Keywords : Carbonization, Biomass, Screw, Thermal efficiency
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Development of Crispy Wolffia Snack
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Abstract

The development of crispy wolffia snack, which is a small aquatic plant found in local water.
It has high nutritional and protein. This research to study the development of crispy wolffia snack,
evaluate sensory qualities, study the physical chemistry and proximate of products. The results of
study found that formula B. Then the ratio of wolffia studied at 3 levels: 20, 25 and 30 percent,
respectively. Sensory evaluation by 9-point hedonic scale. Panelists with the 20 percent increase of
wolffia, with the product was appropriate because the highest average sensory rating scale. The
wolffia snack well, puffed up, brightly ereen, smell and taste good, thin and crispy. When the physical
test of the product was performed, it was found that the lightness (L*) and yellowness (b*) decreased,
while the greenness (a*) increased; the moisture and a,, increased, because wolffia in product. The
chemical compositions of the product from air fryer including moisture, fat, protein, ash, fiber and

carbohydrate were 1.01, 0.21, 3.79, 3.36, 9.24 and 91.39 %, respectively.

Keywords : Wolffia; Water meal; Snack; Air fryer
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Effect of Pretreatment using Microwave and Puffing Technique

on the Quality of Dried Carrots
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Abstract

Puffing is a technique used to enhance the crispness and textural quality of dried carrots.
Nevertheless, high temperature puffing accelerates non-enzymatic browning reactions. A pretreatment
method that is appropriate is necessary to mitigate this issue. The objective of this work was therefore
to study the effects of microwave blanching time (1, 2, and 3 minutes), puffing temperature (140, 150,
and 160 °C), and puffing time (1, 2, and 3 minutes) on carrot qualities such as colour, and textural
property. The optimisation using response surface methodology was used for a trade-off between colour
and textural properties. To obtain a good quality product should be operated at the microwave
blanching for 2 minutes, a puffing temperature of 147.5 °C, and a puffing time of 1.75 minutes. Due to

these parameters, the color difference value was 14.45 and the textural hardness was 8.29 N.

Keywords : Drying; Puffing Technique; Carrots
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Effects of Chicken Breast Replacement with Cricket Powder on
Physical, Chemical, and Sensory Quality of Sticky Rice Patty
Burger dyed with Butterfly Pea Flower (Clitoria ternatea L.)
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Faculty of Science and Agriculture Technology Rajamangala University of Technology Lanna Lampang
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Abstract

This study aimed to develop burger patties made from cricket powder as an alternative protein
source to replace chicken breast in butterfly pea flower sticky rice burgers, which use naturally dyed
sticky rice with butterfly pea flower extract instead of bread. The experiment employed RD 6 sticky
rice that had been dyed with 2% extract from butterfly pea flowers. It was steamed, shaped into
burger buns, and paired with patties that replaced chicken breast with cricket powder at three
different levels: 30%, 60%, and 90% of the weight of chicken breast. It was found that replacing
chicken breast with 60% cricket powder yielded the best results. This patty had a protein content of
17.12%, a moisture content of 38.14%, a water activity (aw) of 0.90, a hardness of 19.27 Newtons,
and an energy content of 274.34 kilocalories per 150 grams. It contained 0.36 micrograms of
anthocyanins per gram, 11.11 milligrams of phenolic compounds (based on gallic acid) per 100
milliliters, and showed 37.56% antioxidant activity in DPPH tests and 5.31% in ABTS tests. Sensory
quality evaluation using a 9-point hedonic scale showed high consumer preference (scores of 8.50 -
8.67). The product, packaged in 150-gram PET/PE bags and sold at 35 baht each, received 94%
consumer acceptance and 88% purchase intent. This study demonstrates the potential to develop a

new food product with nutritional value that is popular among consumers.

Keywords : Cricket powder; Sticky rice burger; Butterfly pea extract; Anthocyanins; Alternative protein
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AN 1 ANWAEYBINITUTENULNAALUBSINDS

Imtleadondnendydunaunuiiloanlnee

KT Uarussylugeusenu 2 YU (PET/PE)

2.3 NMTIATIERAUNTNVDILNARLUBSINDS
Framieadaudnandydunawnuiiloanta

AIUNIVINIA

2.3.1 N15AATITHNINIBAN
IAsziAdvesuesinesUmtedoud
AONDRYTY wazunaRnawnioonlidendaie
(§nen 3 87) SEUU CIE L* a* uay b* doiedesing
(Colorimeter) i'u Ultar Scan PRO Q‘I‘V’fa Hunter
Lab Usewaansgosni Tdunasnndauas D65
TagA1AuaI19 (L*) a1 0-100 1oy 0 uneds

o o a1 ' A o

nndLdy, 100 e Tngildeeu A1d a* AoTng

duns (+) TngAden () uarend b* Ae Tngdmdes
(+) TngnRu () WerSeuigUdveNRANALNY

a 1

\WeenlnferRwEauiagns

v v
= @ d

FLASIENANUULLL DA UNFVDILNA R

v
a

naunuLl oenliaenid wsn daoiasesiade
dusla (Texture analyzer) 5 4 TA-XT Plus e
stable Micro System, USA 7alagldTusunsu
Texture profile Analysis (TPA) Taa 1A2131u4 9
(Hardness) A1n1sin1g@n (Cohesiveness) wWagAn
AMAUNUYNUNSIA 7 (Chewiness) ¥NSMAGDU
faz 5 1 deaia Cylinder p/36 aeusang 20
AU ANALSINeUNAFBU 1 JadLunse a3 und
AILSINEINTNAABY 5 NadlunsAeIud uay

AMULSITENINNSNAADU 1 TadLUATHDI U

[22] (A1 10 1) MANRAEVOULTINAGIAATTLA
W BLUS S UL U NWEUL L DFUE AV DILNARANA LN U

\Weanlnmendwiauiazgns

2.3.2 MFAATIIAAY

1. Aewnosueniiin (a,) Faeirsesinn
Joumasuoniin $U GBX: FA-st/1 UsginerlSauria
thiegrsunaiiuesineddruvieidoudaen
SatunaunuidoonlidionsdmIaudargns
vssqliesninasadunvuzldinedns uazi
freg1aadluredlddiogns Undaseu nadusu
i3 0amyu Liee LA sonsEiaATonnuaSe

a A v

srflidpaiioy nduantuiindniild (Fauau
5 41) 1l oS e uLiBUAIBLADS LEATIR (a,)
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2. USinaimnuiy fhenisdaiegnaunei
wodtnestmismaunuiosnlidaemnss wise
5 nsu IeiiuﬂizﬂaqaqﬁLﬁsmﬁamas%’qﬁmﬁﬂﬁ
w2 lvevlugdeuaudeu §sfe Memmert
Useinreleasiiu ﬁqmmﬁ 105 aeAlwaldod U1y
6 Falus nsztaimidnmd (wasnswesiminiids
aondapnsofuliiiudesay 0.1) thlufuam

USHNUANNTY (31U3u 5 91) [23] fAeduns

Y3unaunnudu (%) = dwminneuey —dwinndeeu x 100

Wnineege (5 ASu)

2.3.3 msusziuamnInneUseamauds
Thuwpmuesinesfendnendytunauny
iloonlnfensdmin YssiiunuammeUszam
duianeIsiAzLuLAINYIU 9 SR (9- point
Hedonic Scale) lufudnwauzusing & nduves
HsevEn savAReTINTAVIU LN uazgund iile
fudafionuyy wazauveulnesiu [24]

Aziuy 1-9 Tag 1 vanedia liveunniign way 9
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wuneis vauundiqa lasgnaasuaznaaoy
Aleg1aiiag 1 Aleg1e sendnenisnaaaulig
naaeuAnindsin deunsvnaeuiiegnaialy
T naaeunaly $1uau 50 au do1gegluts
20-45 1 [25]
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2.4 N13TATILVAIA UAINYDIUNAR

(3

Wasnast1nuilendaudnend yvu

VlﬂLWluLﬁE]E]ﬂ‘lﬁﬁ'JEJNQ%\iﬂgﬂ

Yrunaf twesinestiinded oud
nensydunaunuilsenlienwiniesas 60
(75 B) A WuNTAALEDN TLATIZRA QAW
Fastoluil

1. AAs1eiUsinamnuiy [23]

2. AagivuSunau [23]

3. a1z s unalusiu daeuns e
A5eRlUsAuRUUSHLUTA S%e Gerhardt KBSS
Useinalwasuil

4. AipszitSinadluiiu feededinszi
Tounuudalul’d § %o Gerhardt $306 AK
UseineAlwasuil

5. Siaszindule da81A3 0931A51E%
wuuSalusTA v Gerhardt FT12 Uszmaeasudl

6. NMsAuINUSIuAsulewnse

7. NMIATUIUUTUIUNSIY

8. TiAsgunUsunualsusenauiluedan
m"ymmm 1ae7 5 Folin-Ciocalteu colorimetric
assays [26]

9. Aasgnvsuaoulnleeniu [27]

10. FiAsviA1gns nsdueyy adase
(Antioxidant activity) 1ae35 DPPH ldwannns
Awnsieiifivuiveuyadasy DPPH way ABTS

(28], [29]

2.5 NMIMIUNUNITNAADIUAZNITIATIZH

NS0
Fa0g19nanS el unaf lwosineddn
wileadendnondatunaunuii senlasens
Ssn ATUAMAINNIINIEAINAT IANUNT
y9aa3kuu Complete Randomized Design, (CRD)
[30] wagMsUszidunuAMIsUsTERmMaNRE 119
LHUN1INAABILUU Randomized Complete Block
Design, (RCBD) ¥N1inaaad 3 1 yALade was
W3 UL BUAIILULANA 19U8IA RS A28 3
Duncan’s Multiple Range Test (DMRT) fiseu

AMuLdesiuSeray 95 (P<0.05)

3. Namsﬁnmuazaﬁﬂiﬂﬂwa
nan1sTaA1dvounaf et ines
wileadeudnendyduii sedvansadadovay 2
(15197 2) WU31 ArAILERNS (LF) Wi 24.58
Fatnogluraaisii Uadfsdnunsdiduadives
Ay suldunavrnueulnlayeriuvila
ternatin ﬁﬁa@lumaﬂé’m%’u (Clitoria ternatea L)
Faliandihanhculuannsfdunandavaseu
[27], [31] #1 a* 1Aeil -3.98 uay b* \Aefi -8.88
Fuandnuaslnudifoinaz iy denndssiu
F1891UVBY Kungsuwan,, et al. [32] fiwuinans
annaneendgydulidanmiolisigsulua1iiey
§anan Snwnizdmaniusdasfinluannuan s
wedines i ly windufanuinaulalungs
wAnfusimadenviongy "plant-based” Fairfu
Andusssund uwaglddaniivedaaonsie 1ng
1UVBY Yang et al. [33] ag Choo et al. [34]
Susudned L* o waz b* Wuaulundnsaueiad
weulnlwendudylidmadoseniseaniunis

o d

Uszamduna mndanaligesanfnaiilodulans
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HANTTILASIEI AT VO IUNAR lWoTLINe S
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ANNAT9g T am (72.09) vaueTiges C 4 adnns
WﬂLmuﬁaaﬂidﬁwm%yw?miuwﬁuqmm den
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3 s nd snalWnE as ei 81 uT unnuUs e
Wity Fedenndaeiunuidaues Osimani et al
[35] waw Sogari et al. [36] fisnwuduslusiuan
wadiunliilvananduridudy Wewniide
fanansdluduiuazwaniuluiiuuas anudud
uAs () Fauuansnaiunsada Taognsdidng
Iavialiien a* gend1 uansiaiadunasiudauntu
Tuwauzd Aranududmdes (b)) daanasetis
FoLau MUUSIIAHE WEATRLT Y azoudwa
YesmsnaunuRelvualngs §watdenndoeiu
U3 T8v09 Zielifska et al. [37] 719 31015140
waslundndngiemsanusaUasuudasain
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989 ZieliNska et al. [37] ey Bawa et al. [38] ﬁ% 1

A IEHILNAIEINNTOANA ALY ULaEAT a, U

nAnA Yl b o 19l dd Ay nanwuzlaTEs g
TUsAunazidulof unnsnaiy dwduean a, fog
Tutng 0.88-095 1 Sefieedlunamivaendioves
wanS AU nuastiulunwurdnain 3aendi
WIEALA DNNSYEABNITRTYUIRAUNTIUALNS
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a* -3.98+0.62
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A151971 3 HANITILASIZIANAVDILNARNALNY

Woanlneergdanse

gATUNAR and
wasines L* a* b*
damdlen

gmsmunN 72.09+0.69°  2.53:0.21°  18.01x0.23°
RS A 45174095 4.88+0.11°  13.99+0.42°
M B 35354073 5.00£0.16° 11.82+0.61°
s C 3717340300 5.25¢030°  10.47+0.65°

N a, b, ¢ wag d TuwnAsdinuuaneneiuegig

TrfedAeyneada (P<0.05)

A159% 4 Han19ILATIERUSIIUANLT ULay A

v
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10LMBSUBATIIR (a,) VBINARAUIILNAR LUBS NS

Inmtlidoudnendyiuasuilonnlnmenasa
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ans A 39.211.13°  0.910.00°
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nUEMe: a war b lunwidsdlanuuansiesiueg 19l

v o W

HadAgyn19adia (P<0.05)
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(Cohesiveness) LAy A 1A IUNUNIUNITLA 87
(Chewiness) iinuuansiueg1alitudfgy lne
493 A BsfinamaununsssieluTinadesiian
fiAeunumunsAeigeiian (7.09 N) agvieu
fannuaunavedlassadraniglundndue 4
a'amam'a’dszavmiaiﬂﬁlﬁyamaasiﬁim wadl
Snwavid odudasdananlasusnsnasin
parUsznavveslusiului imsafiaunsaadng
Tassadrnaasrudulusfuaind eenliuay
Frnnfeqla f luu1aseAuYDINISNAWAY [39],
[40] TngA1ANNLT AL AIANUNUNIUANTAY
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v
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e

v
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Snwauzding & ndu sand eduda (anm)
warANYeUlAeIIN NUi1dns B lasuaziuu
ALY ULRABYBINAMENYAILTINIAdE UgTign
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AzuuuigalunAndn vz ivaaeu Taglame

a =

Tusnundunagdnuaueusng elAazuuuiads
Mnignsduedsiifoddmeadia (P<0.05)
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onlasensdaialusyduiivangan (g3 B) Hu
fvensulimsuszamdndia uazenatieifiuyaci
Laguimslalaglianainuisnelavesuilan
ndufiu gasfiiviinamsdminguiuly (@ns O
denalindunardvosndndneiddnuusilidud
gouiU 19U nAulamzYeIIavIoATITuIUAN
595U%1R FanTeUTIBIUYB Megido et al. [42]
Anuituuasd fUsunngalundndusionsan
aruuuaugaumnlinisauaunauanie
Y1 AY VUBIAEITY 1409 Nam et al.
[43] way Kyriakopoulou et al. [44] @ uayuin
nslfuuaslusziudiunarsasasnuile
FuiauagsanAfialild wasiduseduiduilaa
Walvgensuls Tnlanznguitfiuunldundadu

WINNITUDIMNTGS

M50 5 mamsevinanlsduiavesinaiiussinesiimvilsadeudnendydunaunuilosnlnmendain

X ¢ ¢
Q@liLLWﬂﬁLUaﬁtﬂai

AladunE

raniien Hardness (N) Cohesiveness (N) Chewiness (N)

gnsAIuA 18.012+5.63° 0.39+0.08% 4.33+1.40°
qns A 23.80+3.87° 0.46+0.14° 7.09+2.23°
qn5 B 19.24+1.35 0.44+0.12% 4.99+1.54°
gns C 13.53+3.02° 0.32+0.09° 2.48+0.07°

Ry

e a, b uar ¢ Tunuasdianuwsndnsiuegeiiteddynieada (P<0.05)
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NaknuLleanlnfIuNIRWmS A

a
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o

AuANYEIUTEEMAURE

gasunanluasinesdnunien

gAIAUAN gns A gn3 B gns C
anwarUng 7.83+0.38" 7.83+0.38 " 8.67+0.78 5.67+0.76°
a 7.00+0.00° 7.83+0.38" 8.67+0.48° 5.67+0.76"
nau 7.33+0.48° 8.00+0.00° 8.50+0.78° 5.67+1.12°
Y 7.83+0.38" 8.33+0.76° 8.67+0.48° 5.67+0.76°
AN 6.33+0.48" 8.17+0.91° 8.50+0.78° 4.83+0.91°
AN UlAE T 7.33+0.48° 7.83+0.38" 8.67+0.48° 5.17+0.38"

MWL a, b, ¢ wag d Tuwnueuliamnuwsnsaiuegsiituddgyneada (P<0.05)
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nediunieadendnonsaytunaunuiisenld
é’qam%m‘%mqm B WU A1Auadie (LX) 7
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&kl wuInANAuLD (Hardness) agjﬁ 19.23 N,
ANT9LN1EAA (Cohesiveness) 0.44 LagAIAINL
NUNIUNITLA 87 (Chewiness) 4.99 N L&A
Tassadreiiaunsadaniziulas wasfidnuay
witloanen Tduraudaauiuly [45] YSinaulusau
U09gn3 B Wisguandesay 12.68 W 17.12 10y
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fuUinalusiugs wuietundauiidistudy
252.90 AlawAass 91nuiu 226.75 Alawnass
USnaanutueyifosay 38.14 wazAewnos
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a
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Tmnzdmsuguilaaiinueluiuviordmes
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4820 T sunazidunaainnislddrundeny
Taaaunaneulaseasie dmsudTuam
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woulnlaefiu 0.36 pg/s LLazqw’émﬁﬁﬂua%a
dasz DPPH Seway 37.56 uag ABTS Jeuag 5.31
wansliiuianauaudfdunisiueuyadasele
Mnanseengrsmsiniwlunenduytu (48] dwa
Toinanfarigns B dnduemsiiiegunimuasu
wanAueUsAuadoniituguamislasuinis

ANUUaaniy wazAnUdusIsuIR

a

A5 7 Naﬂ?i%mi’]%ﬁﬂmﬂ’]w%?ﬂﬂ?ﬂﬂ’]wLF’]lI

o

YoNaALUesnesUnividoudnandgydu

nounuileaniniiensdminsasay 60 (g0 B)

f19819 wwaRLUasinas
AMNTNTINNIBATN v A
AUAN F1amilen
AFIATIEE
L* 72.09+0.69 35.35+0.73
a* 2.53+0.21 5.00+0.16
b* 18.01+0.23 11.82+0.61
AL (N.) 18.012+5.63 19.23+1.35
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#9819 WNARLUDIINBS
AMNINTINNIBATN v A
AUAN Framiien
ANISNNZAR 0.39+0.08 0.44+0.12
ANAUNUNIUNITLAY? 4.33+1.40 4.99+1.55

(N.)

ANAINNIALAT

Usinamrwdy (Govay)  43.96+158  38.14+0.89
Ysuaud Gevaz) 1.04+0.02 1.08+0.41
Ysunalusiu (Gevaz) 12.6840.25  17.12+0.29
Usinadlusiu (Bovaz) 1.35+0.03 1.46+0.00
Usinaudele (Govas) 0.15+0.01 0.72+0.05
Ysunaeslulanse 40.97+1.19  42.82+0.80
(Goway)
waau (Alaupas3) 226.75 252.90
asusznauiluedn - 11.11+0.38
Wavm (MeGAE/100 ml)
woulnlweniiu (ug/g) - 0.36+1.12
qisdueyyadasy
(Goway)
DPPH - 37.56+1.96
ABTS ; 5.31+1.29
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Abstract

This research focuses on the development of a rice grain sorting machine intended to remove
contamination from rice after the milling process in small rice mills in rural areas. The machine
operates on the concepts of centrifugal force and size sorting and utilises a series of nested sieves
inside a circular tank. The sorting mechanism contains Sieve A, which separates impurities larger than
rice grains; Sieve B, which sorts whole rice grains; Sieve C, which differentiates broken rice grains; and
Sieve D, which collects broken rice and weed seeds that are smaller than broken rice grains. The
study examined three factors: 1) pouring angle of the separation tank at 2°, 3°, and 4° 2) tank
rotational speeds at 15, 20, and 25 rpm; and 3) rice types, including jasmine and glutinous rice. Each
experimental condition was replicated three times. Results showed that at a 2° angle, rice flows
slowly, allowing more sorting time; at 15 rpm, low impact force reduces grain breakage, and jasmine
rice sorts better than glutinous rice due to shape and size differences. Optimal conditions are a 2°
pouring angle and 15 rpm rotational speed, providing separation efficiency of 95.5% for jasmine rice

and 94.0% for glutinous rice, respectively.

Keywords : Rice; Contaminations; Sorting Machine; Centrifugal Force; Separation Efficiency
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Abstract

This study aimed to investigate the effects of boiling time, and concentrations of alkali and enzyme
solution on the yield, length, and linear density of Insee 2 sweet corn husk fibers. The experiment included
three factors: two alkali solution concentration levels (2.5 and 5.0 /L), four boiling time levels (30, 60, 90,
and 120 min), and two enzyme solution concentration levels (0.2% and 0.4% of fiber weight). A 2 x 4 x 2
factorial experiment was conducted using a completely randomized design (CRD). Data were analyzed
using means, standard deviations, three-way analysis of variance, and mean comparisons using the least
significant difference (LSD) method. The fiber bundles extracted from dried corn husks produced average
fiber yields of 24.18%-86.67%, fiber lengths of 125.13-140.98 mm, and fiber linear density of 31.19-64.32
tex. Analysis of variance revealed that the alkali solution concentration and boiling time significantly
affected the yield, length, and linear density of the fibers (p < .05). The enzyme solution concentration
significantly affected the yield and linear density of the fibers (p < .05) but did not affect the fiber length
(p > .05). The interaction between alkali solution concentration and boiling time significantly affected fiber
yield (p < .05) but had no effect on fiber length and linear density (p > .05). Additionally, the yield, length,
and linear density of the fibers were not significantly affected by the interactions between alkali solution
concentration and enzyme solution concentration, boiling time and enzyme solution concentration, and

the three-way interaction among all factors (p > .05).

Keywords : Corn Husk Fibers; Alkali Solutions; Enzyme Solutions; Fiber Length; Fiber Linear Density
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aunsagaduinldunnd i eued smnslu
fowandndes Sntsnsuud ouvendesiuas
wueiiedeglussduiivensuld (6] uonand édl
nstduledentnlnauwdnduianuszneu
(Composite Material) Tnetuguifuusivlouassade
§Mond 158 (Epoxy Resin) Widudgidule wuin
Faguszneviididulondend nlnafauudwss
wnnnivianiivhandfendistuiiesed1adien [7)
audAvoudulefisududmiunszuiums
wandsme liud Anue vue Anvasiaue way
auudauss fadu nsdnwnisusnidulewden
Inlnauiugduns 2 lnsldssezaisy Ay
Wautuvesansazateananazaisazaioioulusii
uandnefy FedamadaUTna AN LazYLn
vouduly FedlpnudiAgyaenisiauILazRoyen
nstduselevididulearniddond1ilnalv
marnuaeund u ldifissdieuyadliunan

q

widefneniainuas uwidaduwumdunslétag
wdefaanfiveiadu 9 Wetmuidulesssumai
wanzaudmsunsHanameazkansueTduling
fudundelueunansaly
2. 52 U8U35798
2.1 LLNUNITNNADY

mMsiTeiittedonsnaass 3 Jads Ao A
WUTUYDIETAYAUANY 2 SEAU AB 2.5 uag 5.0 n5U
AOANT STUEIAAL 4 AU AB 30 60 90 Lay 120
U7 LagAnudLduYesEnsazatuoulyl 2 SaU Ao
Yavaz 0.2 wae 0.4 vesmindulours ndmeass
WUU 2x 4 x 2 uAneisea Tuwaunsnaaessuudy
auuuﬁaj (Completely Randomized Design: CRD) 53

V198U 16 veasd yMN1seasd 3 97

2.2 7a9 sasilauazaunsal

2.2.1 msnssunazudndniuaand1alng
Wasndlnadildfe wWienvesilndralng
WURUgaUNT 2 3nAudITedalnawazd1ivig
wiraw1d (l9aassm) gnaedinves dandn
uATINTENT lngasneanaininlaeliieniuden
Fuuenuazdondulu mautaduian 3 fu (72
F1lu9) ouwrts wavdaimdnounsestaimdnues
Wasnd1lnaadl ugninildendlnalagld
Sasrdauudondlnasioun 1:50 figangdos
Wuan 30 Tu 1dudenmauniariululiilden
Flwaaes wWasuimn 4 3 fu elidulaven
Mnsuidendvilwatuani uarldiogadiui
\Jeuguean (Weak Fibrous Parts) indolflaniz
daudt 1 0unguidulenun (Long Thick Strands)
dwsuldmaans 9ndu Senguidulemudae
AL01M ANNLIAY DULIKY ﬁqsluﬁj@jmmm%uuas%’q

Wwmidn (U7 1)

JUN 1 ngudulevunvasdfendnlnafiouuiae

2.2.2 d154A%
ansedlluniswend@ulerudantd1ilng
laun lanenlansenlas (Sodium Hydroxide;

NaOH) viiondin Wiuninidnas 0.1 nsu wanlae
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Ajax Finechem Pty Limited UsginAoodLnslae
LLazLau"Lsuu‘Lsaaq‘Laa (Cellulase Enzyme) A"
Aanssuvestoulesl (Enzyme Activity) Uszaimu
31,000 "U8ROATU NARLAY Tokyo Chemical

Industry Limited Uizmmﬁﬂu

2.2.3 \n7asfiouazgunsal

13 silouazgUnsalii ldlunisuonidule
Wasndnlwausznaudie insemedaun1sdn Atlas
Launder-O-Meter 3u LEF w3 oedau Logic Art JU
LA-650 Infra-Red Dryer 1A5 044 s nind 4 va
Denver Instrument 54 SI-234 g ningean 230
A5 ANAazLBEA 0.1 JadnTu K1U17UNS Lag

UNTRILATON?

2.3 nmsueniduleidandilnn
wisungudulodendnlnediuiu 72 9a

ustazagmdiiwiin 30 nfu uvadu 24 g0 dmsums

wonidulesgansagatedne uag 48 gn dmsunis

wend@ulengasaraeaasiualsazanesaulay

2.3.1 msuenidulefieansazalenig

1. W3 8NENTALAEANANUTNTY 2.5 LAy
50 nsusedins laelddndiungudulese
ansavany 1:20

a

2. sunguduleluansazansnnsiigung i

100°C s¥eziIan 30 60 90 way 120 w1l

3. NSoenN@ UlgDBNANNANTAYAYA 19

o
£% £ '

ntudadulodeinazeinunseiainlaladd
wazdlAn pH 6-7

4. dndulamnudslugninuindeuuni
sunseiadulodidminasd
2.3.2 msuenidulefeansazanannesaunu
drsazaetoulosl

1. uoniduledeansazanesmuduneuly
U9 2.3.1

2. w3euansavarseuledanudutuiooay
0.2 uaz 0.4 vostvindulowds Ineldensidau
Wulosoansazane 1:20

3. winidnidulelumsavaneiouleifgumnd
50°C syeglian 60 Wi

4. nspuwsniduleeonanansazatstoulal
ndudraduledrethazoinaunsetainlald 18
wazdlAn pH 6-7

5. dndulomnuislugninwind audnf

unsenaduletiuminas?

2.4 managdaurdule

1. mymuTunandule (Sewaz) AN
gns Dhwinidule (n3) + dwidnidendalne
(N54)] x 100

2. aneduly NAEeUnINLIRTEIY ASTM
Designation: D 5103-01 Standard Test Method for
Length and Length Distribution of Manufactured
Staple Fibers (Single-fiber Test)

3. vuwiaduly NagaURILLIRTIU ASTM
Designation: D 1577-01 Standard Test Methods

for Linear Density of Textile Fibers

2.5 Mmsuazvidaya

1. 3nTeitayausunm ANNET wasIwIn
dilewdendnlnalagldanades (Mean: X) woz
ehul,ﬁsmwummgm (Standard Deviation: SD)

2. neasvanufgiulagldnisinsiginy
WUTUTIBUUTUNANNNIS (Three-Way Analysis
of Variance) wazl3sulfioua11ad 8518871075
Least Significant Difference (LSD) # 5@ UA31Y

FeshuSeraz 95 (p < .05)

3. nan1sAnEILazanUsIuNa

duledant i lnauenalgalsaralenng

waraNsaralen1esIutuansaratgwauleyl tagld
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SrgEIARULarANITUTUR19 Y TdnwuzJud

Wiaeslus1aseu NuRaliSou dulanaudis

nseane wazduledinanengduiuey (3UN 2)

sUN 2 idulgrfendnlnafiuenmeansazanenig
5.0 N3usiedns srgIaEu 120 W19l

safuansazaneeuleisevas 0.4

3.1 Bsunandulewddandnalnn
nansenwSinandulowdendrinadinen
PIYANTATANLAN WATENTaTaNuANNSINAUATATATY
wuleyd Ineldssogiadunaganuadud ua ety
(3197 1) w3t ngudvlewdondrlnaudsls

USunandulendeseuay 24.18-86.67 nMswanidule

Fapansazatenng 7idlssesnandunazaududy
fnaiu Wiusnandulendesevay 33.33-86.67 Ine
A5 @1588a19A 19ANUTUTY 2.5 NTUADART
spoziadu 30 Ui IuTnandulesnniige uay
N5 @1588a190 19AMUTUTY 5.0 NTUA DA AT
spnandi 120 it Whdnanduletestig
grnsunisueniduleowdont1ilnan e
ansazanpansduasazaretouley Aidszezia
AULAEAMUTNTUR9AY WuI1 TAUTH g ule
wAudonay 24.18-64.73 Tnanisldarsazaanig
ANNLTUTY 2.5 NSUABANT SINAVAITAZAY
wulyiisasay 0.4 szuziaa1ny 30 w1 TuSune
dulosnnitgn wagnsldansazateansanuitudy
5.0 nSuredns Taufvansazaeeulwisesay 0.2
syognadiu 120 unit liSinandulerdesiian
dloRsanusuandulodendalnnd
LUNAILATATAEAIY WATANTAZANEA19I NN
ansazangiouley] azwiuin nisldeulasiie 2 sedu
Tidsumandulowdendalnadosninnisly
A17A¥A18A 1NN 1UAEINNTLLLIATAY

(ALade 69.10 ua 49.40 AUAIFU)

A15197 1 AedsUSunanduledandlne ke naiga1Tarangn1e WasaNsaTaIAIsINniuaANsaYane

wulesl Ingldsyernanfuwaz AU TNTuseiy

. s Y anududuvas R Y
AMUdutuvas . Yswnandule . . Ysuandule
, PYLLIANU o _ fA193858719M1939UNY 2YTLIANU o _
#158287°8A19 (509@%) (X £ SD) . (399a%) (X £ SD)
ansazangraulal
2.5 nSunedns 30 U9l 86.67 + 15.28 2.5 nSusodns 30 W1l 61.99 + 3.87
60 W17 83.33 + 5.77 wuley Sovay 0.2 60 W 61.97 £ 0.73
90 W1l 80.00 + 0.00 90 w1l 59.37 + 0.69
120 w1t 76.67 £ 11.55 120 Wit 56.10 + 0.98
2.5 nSusodns 30 W1l 64.73 + 0.04
wuley Sevay 0.4 60 W 61.52 + 1.33
90 W17l 59.68 + 0.19
120 wdt 56.60 + 0.06
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. . . Y Anduduvas . .
Anududues . Usunandule . . Ysunandule
s 2YSLIANU o _ #19828718901933UNY TYTLIANU o _
#1582a18A19 (508@2) (X £ SD) . (398@2) (X £ SD)
ansavaneaulasl
5.0 NSuABANS 30 W9l 73.33 + 5.77 5.0 NSUABANS 30 W1l 53.77 + 1.58
60 W17l 66.67 + 5.77 uley Seeay 0.2 60 Wl 47.82 +0.17
90 W1l 52.78 + 4.81 90 W17l 37.26 + 0.06
120 Wil 33.33 + 5.77 120 W1l 24.18 + 0.64
5.0 NSUABANS 30 W1l 52.98 + 0.52
oulwl Soway 0.4 60 W1l 47.80 + 0.53
90 W17l 37.26 + 0.06
120 w1l 24.64 + 0.28
371 69.10 + 18.44 59U 49.40 + 13.10

HANITILATITRAINRUTUTIUTBIARdY
Usunandulowdendnlng wuil ANduTuYes
a1vazaune dnaseusunalduleegeduudfy
n9aif (p = .000) lnensldansazarunisaaiy
Wuu 2.5 nSudedns Iiusuianduleannninnisly
A158¥a8ANNANUINTY 5.0 NSURedns (Sesas
67.38 ua 45.98 M) (U 3) Fady A
Wuduvesansavanesn ity dwmaliusunandy
Toiiléianas szansaniu isfivaglad innfiuuay
Guled 1 fsmnetudilegnidnesniuiniu
donndasiuauiseaes N. D. Yilmaz [8] iwuin
msldansavanesneidanudududingulunisuen
Gulowdendilne dewaliSunandulofildanas
wazaenAdestuuIseves L Nortoualee [7] 9
WU MsRUnetaleasazaelafedlansen
TosAfAnudududugu azilildusuande
(%Yield) anas vii e991nleioulansonlysii
Ufnserdvaniu viliwuseseninedniudu
m'ﬂuimmmgﬂﬁwmammﬁu danalusunanie

amnal

67.38

7
60.00
50.00 45.98

30.00

Viinauduly (Sawaz)

2.5 nfusodns 5.0 nfureding

anududuvosaiiazaiodna

JUN 3 navesnnututuvesaTAzaNgaNsie

Usunanduledandilng

szezianny dnansusuiaiduloeyned
HodAgyn9add (p = .000) Tnensldszeziiaidu
30 60 90 way 120 unil Iusunandulowdsdovas
65.58 61,52 54.39 uag 45.25 AuEIAY (3UA 4)
HANTIATITRALLANAIBIA AN U N5l
szuranny 30 W1 Wdsuaduleninninnisly
SEeLlIa1Ay 90 way 120 u1il nsldsTerIaIay
60 w9l Trusunandulaunnninnisldssesiaay

90 WAy 120 UMY karNITIETEEZLIA1RY 90 WU
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Trdsunanduleannninnislasseriiansy 120 w1dl
ety msiiussesnafudmaliuunanduleils
anas Wosansvevnaiudurinliidulounnd
wazisiudonsiineduleegugaanidulounnty
danaliusunauduluanas nan1sneaedigennass
fUsUATe09 K. Kanchanakarn et al [9] fiwuq
srozirartun1ulinsui e unnsnety Tuase
Usinauduleiild Tnendleszosnanduiiniy Usuna
Eileildasiiumnndu wsenulinadilasadnei
wie MuwdY wazmdlenniuddendilne nsld
szeznaduosenad sliiisanediazaaisdniu
waziefiiwaglaafi danwidulely vinliladule
ponuntey Welfiuszosinandy arsdanizmant

Aoy 9 gnaateuIndu Mlvanunsauenidule

panulauINTU
70.00 65.58
61.52
60.00 54.39
50.00 45.25

40.00

Yiwrudule (Fauaz)

30 wiit 60 W 90w 120 Wi

TLULINY

JUT 4 navesszaziadusioUTIaudulaUFen

SRR

AT ureIE1Tavaeteulysl dnane
Ysunanduleegradiduddgyniseda (p = .000) loy
msldasaraneanaiesegraneilaglildiouley
msidansavansieulvdanududusosay 0.2 Lay
0.4 THusuanduloedsdosas 69.10 50.31 was
50.65 MUEIAU (JUA 5) Han15iLATIziAIY
wansawesrdsnudn msldasazataaiaiios

agnfelaladltiouley Trusurandulauinnin

Ashasazangeulasinnuiudusesay 0.2 wag
0.4 Nefinsldansaraneeules dewaliuSunandu
leanas Paorainannsieaglaadiuedugily

nagadtuuengnieululwagiadosaae

80.00
69.10

70.00

60.00
50.31 50.65

0.00

30.00

Vsuondule (Savaz)
ro P
= 5 2
-3 =3 P=1
3 8

=
=
S

=
=
=3

Lildiouled fouay 0.2 fouay 0.4

anudutuvesasazaioulyd

JUN 5 navesnnuiduduvesansazangoulalse

Usunanduledandnilng

Ufduiusseninmnududuvesansazane

' 1Y

19fUsTeELa19 Y dnanausunaiduloagnedl

hO)

v
o o a

HydAyneadia (p = .000) gl

1) M5lea15aranen1eANmINdu 2.5 n5u
AOaNT SraviiaInyd 30 60 90 Lay 120 w1yl i
Usunanduloadodouay 71.13 68.94 66.35 waz
63.12 AUAINU HANITILATITNAIULANG19VD S
Anadenuin msldarsazarsansmnududy 2.5
NSUARARNS SYarLIa1nd 30 w1 Tusunaudule
UINNITLELIAAY 120 W (g‘d‘ﬁ“ 6)

2) n5lra1Tazanga1eANILNdy 5.0 NSy
AOAMNT SEevlIa1nd 30 60 90 Lay 120 w1yl I
Usunanduloadsdavas 60.03 54.09 42.43 uay
27.38 MIUAHU HANTTILATIZTIAIIULANG19UD S
Anadenuin nsldansazatonieanududuy 5.0
NSUADANT SE8LLIaRN 30 way 60 Uil TuSunu
dulounnnansseziandy 90 way 120 Wil way

MslgszazIaIdy 90 uni Iusunanduleuinnin

'
a

JrE¥LIa1AN 120 W (FUT 6)
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=30 Ui 60 U 90 wi 120 Ui

80.00

71.13
70.00 68.94 \

66.35 60.03
s0.0 63,12

54,09

50.00
42.43

wnaudule (Sawaz)
&
3
>
3

30.00 27.38

o=

J

20.00

10.00

2.5 nfusioing 5.0 niudedng

3UM 6 navesufduiusszninenududuyes

asavanennanusrerIany seUsuiandule

Waandilne

nansnaest ilaenndaeuIuATeves S.
Tosawat [10] Ainui1 mausniduleanliidandoms
Tasazanenfifirud i uwazsseznadud oy
llgusinanduledosnmanisldansazaresnadiil
AU LT U LAZ ST EZIAG LN L B991nAY
didunesszesnaduiiveslifiemedmiunsviily
dilounnda Jeorad umsenulsdgndanuuds
NTEANMINABIYANUTLTUAUTZELLIANALLNNIN

U dunusseninemnududuvesansazaiy
afuaNu Lt uvssasaratseulyl Ufdunus
FENINITEHLLIANN UAUAUL LT UVDIAITAYANY
ouleyl wazuduiussening 3 Jade ludnase
Ysunanduleogsidedidgnisada (p = 210 813

WA 965 Muaeu)

3.2 anugnduladaandnilng
NAN1SANYIAINNE1IVRILAUleLUA BN

FINATNBYNAIYFITALANUAN LALAITALANYAN

saufvansazatgeuled Ingldssegiandunay
AUt ATy (115797 2) wuan @ulewden
F17lnafinnue1eds 125.13-140.98 fadluns
Sadudulodunuuen (Long Staple Fibers)
nausinisulsUssLanduleduues B. C. Goswami
et al. [11]

S o '

fuunIndulefinuen s 50
fladwns (2 §2) Fuly Faduduleduniuuen ns
wondulosisansazatonis fiflssuznaifuLay
A udusneiu wudn @uledanuenade
130.50-139.69 dadiuns lagn1sldaisazalenig
ANULTNTUY 2.5 NSURDARS STeraI@l 90 Wil e
diloenaiign wazszaznandy 120 wiit idule
dgnsunsuenidulodont1ilnan e
ansazanpanssiuasazaretouled Aidszezia
AULaEAMNTUTUR9AY U1 Lduledannued
\ade 125.13-140.98 fiadwns lnsnisldasazany
ANNANNTUTY 2.5 NSUADANT SINAUEITazaNY
wulwdsevay 0.2 szaziiainy 60 w1 ladule
g1fign uagnisldansazarsansaududu 5.0
nsuUABdns TruAvaIsarateteulyisesay 0.2
svevady 120 Wit Iiduleduiian
dlefiasananuenduleidentnlnad
LUNAIEEITALAIEANY LAYENTAYAIYAISINAY
ansazaneieulesl aviiuin nsldtoulssiva 2 sy
dulotdentiluaianuenlndidssiunisly
A19A¥A1EA 1T 1A BN NTLHLLIAY

(Aade 135.52 uay 134.99 audeu)
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A15197 2 ARATANNEBEULEERNUIINATILENAEATATANEANLAYEITATANYANTIUAUANSATANY

wulesl Ingldseozanduwas AU TNTusnaiy

anududuves 3 a1 udule mwwulwiumu ) a1 uduly
, ITYITLI[AINU _ §1388A1UNNIIUNY TYTLIANU _

#138287°8A19 (uu.) (X £ SD) . (uu.) (X £ SD)

ansazangeulyd

2.5 nfureans 30 Ul 135.46 +4.96 2.5 nSureans 30 udl 13533 +4.74

60 Ul 137.52 + 553 wulwd Sovaz 0.2 60 Ul 140.98 +0.79

90 Ul 139.69 + 1.54 90 ¥l 137.50 +9.84

120 u¥l 130.50 +3.41 120 u¥l 132.19 +1.74

2.5 nfureans 30 u¥l 137.83 +3.89

wulwyl Sevaz 0.4 60 w1 140.38 +4.58

90 u¥l 134.55 +7.23

120 u¥l 137.37 +0.16

5.0 Nfusodns 30 Ul 13833 +7.24 5.0 NSuAOANT 30 Ul 133.28 +2.46

60 Ul 133.13 +5.34 wulwyl Sevaz 0.2 60 U9l 136.44 +3.63

90 Ul 137.16 +3.95 90 u¥l 138.40 +9.28

120 un¥l 132.40 +3.65 120 Wl 125.13 £0.58

5.0 nSuredng 30 W1l 131.37 +3.18

wulwl Sevaz 0.4 60 U1 128.39 +5.73

90 ¥l 137.83 +1.12

120 w1 132.84 £2.91

373 135.52 + 5.00 373 134.99 + 5.52

183

HAN1TILATIERANRUTUTIUTBIA1REY
AnNeEulelldont1ilng WU ANITLTUYDS
ansazarunnd dnadennusduleegsiitedAgy
Nt (p = .034) lngn1slvansazatga1sny
Wutu 2.5 nfusedns Imdulefifianueniuinni
A5 ANTALANYAANNTUTY 5.0 NSUABART

(136.61 wag 133.73 Taduns n1uaInu) (gﬂ‘ﬁ' 7)

sraza1ny dnanonueniduleogedl
Hed1An9ada (p = .024) lnensldszoziiandu
30 60 90 war 120 wit Idulefidaueniieds
13527 136.14 137.52 hay 131.74 TadLunT
ANERU (3UT1 8) NAN1TIATITAANNIANATIYDS
Aadenuin nsldszesiandu 60 way 90 wift 1¢r

dulenilnnueniuInnInsEeeiandy 120 Ui
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150.00

140.00 136.61

—_— P

130.00

A7 (Hafwng)

120.00

110.00

100.00
2.5 nfuradng 5.0 n¥usiodns

arudiuduvesarsazateia

3UN 7 wavespuiduduvesansazangnenIny
gnduleiudentilng
150.00

140,00 L3527 13614 137.52

.—_—_"’Nl.?ﬂ

)

130.00

fiafiuns

120.00

AU (

110.00
100.00

30 Wl 60 UMW 90 Wi 120 wi#

FTsAAY

JUN 8 navessrazIadNsoAteTIduly

Waandilne

MnHaMITeRiiui nsifiuadudy
YDIANTATAUANUALTLHLLIANNY FINA AN
vouduleanas i esrnd erruiduduaes
arsavareaniadu UfAselelaslada
(Hydrolysis) vaswusylnalagan (Glycosidic) Tu
waglaaazAniitu vilileluanavessaglaagn
Fadutudnas dwaliidulofamsaansiuasdl
ANEIIanas [12] Yenant AU uduYes
miazmam’wﬁ'qqawﬁﬂﬁtﬁmmiﬁ’mm'ausum
Taseadrndule Tnoanizedred slunisdudu
LAY

ANuNduvesEsazansLaulyl Uduius
SEWINANUTUTUVDIF1TATANYANAUTTEELIAN

AL ANULUUTUYDIANTALANYANAUAILVUT VDS

arsavanvoulel wagssuzatduiuaududy
Yesasazaeoulyl Saudaufdunussening 3
Yade LiduaneaueriduleagrslidudiAgnig
add (p = .913 .243 357 .364 Uay .519 muadIsu)

3.3 vunduledandnalnng
nan1sanwvuInveuduloildandnilug
fuendansazalune wazasazalen1asaniv
arsavargiouled lneldssesiiandunazaiiy
Wudumaiu (m51ef 3) wu @ulowdend e
flawniades 31.19-64.32 wing sadudulonenu
AuLnae n1sIwunauIad uled1eniunlny
azLdunUes J. G. Cook [13] nsuenidulen e
A15aza18019 755z u a1 LAY AT LTy
e duleflvunsiade 34.46-64.32 wWing Taens
ldansazaien19AU T uTY 25 NSUA DA RS

SreLIafy 30 il bedulevunalugnan way

v 9

a

A5G AN5aLA1UAANNTUTY 5.0 NSUABARST
spogadu 90 Wit Iidulevunadniian
dnsunsueniduletudendilnnnlsaisazaie
fAssaufvasasarsouley AdssezaduLaz
aududusnety W duleflvunaeds 31.19-
46.81 Wing lnensldansazareansanududu 2.5
NSURRANS aunvasavateleulaylsouay 0.2
sypzna1dy 90 uidt Iidulevurnlngian was
NS ANTaLAYAANUTUTY 5.0 NSUABART
wivasavaneleuledsesay 0.4 srazIany 90
unit Ifidlevunadniian
dleRsanvuadulowdendnlnadiven
AIYAITATANEA NS LATEITALAIUA 19T IUAU
ansazansieulusl avwiudn msldoulusiv 2 sy
Tivuadulawdendlnadnninnisldansazans
Araiiesetafsufeunnsreginaidy (Aedy

46.56 wag 39.56 HINAIAU)
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NaN1SILATIERANLUTUTIUVDIA LAY Tnensleansaralen1euNTy 2.5 nSufaans
uaLduly WU ANUITNTUYRIAITAZAIYAN & IaduleRdaualugniinslannududu 5.0 nsu

N o o a
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Abstract

The objective of this study is to compare the forecasting performance of four time series
models for predicting the number of breast cancer patients. The models considered include the
Grey Model GM(1,1), the Discrete Grey Model DGM(1,1), the Fourier Grey Model FGM(1,1), and the
Fourier Discrete Grey Model FDGM(1,1). The FGM(1,1) and FDGM(1,1) models were enhanced using
Fourier series to improve forecasting accuracy. Annual data from the National Cancer Institute were
used for the analysis. Model performance was evaluated using the Mean Absolute Percentage Error
(MAPE). The results show that the FDGM(1,1) model achieved the highest accuracy, with a MAPE
value of 15.25%, whereas the GM(1,1), DGM(1,1), and FGM(1,1) models yielded MAPE values of
17.78%, 17.41%, and 15.49%, respectively. According to the National Statistical Office’s criteria, a
MAPE between 10% and 20% indicates a reasonably accurate forecasting model. Therefore, it can
be concluded that, for this study, the FDGM(1,1) model is the most appropriate choice for

forecasting the number of breast cancer patients.

Keywords : Grey models; Fourier series; FDGM(1,1) model
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