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Abstract

This research aimed to develop glycerin soap products containing marl, a raw material abundantly
produced in Lopburi province, and butterfly pea flower extract (Clitoria ternatea L.).
The physical and chemical properties of seven different soap formulations were studied and
compared. The results of the study indicated that the soap has no foreign substances. The color
values expressed as L*, a* and b* of the marl soap ranged from 62.99+0.40 to 69.50+0.29,
0.26+£0.04 to 1.41+0.13, and 8.05+0.23 to 11.73+0.51, respectively. For the soap containing
marl and butterfly pea extract, the L*, a*, and b* values ranged from 44.78+1.19 to 55.34+1.51,
-11.7540.01 to -7.78+0.52, and 1.12+0.28 to 2.9340.60, respectively. The color values for
the soap containing marl, butterfly pea, and turmeric extracts, the L*, a*, and b* values were
40.90+0.28, 6.65+0.09, and 27.27+0.44, respectively. All soap formulas exhibited bubble
volume values ranging from 72.67+1.53 to 75.00+2.18 mL, bubble durability from 68.50+1.32
to 71.67£2.52 mL, erosion percentage from 15.52+1.78 to 16.57+1.75, and pH values between
9.70 to 9.86. The antioxidant activity of the soap, compared to the ascorbic acid standard,
ranged from 2.16+0.11 to 4.65+0.36 AAE/gram of soap. Soap with added butterfly pea extract
and turmeric demonstrated higher antioxidant activity than the control soap. The satisfaction
assessment results for the soap products and packaging among a sample of 20 people were very
satisfactory. Therefore, the developed soap can be used as a prototype product for the community.

Keywords: Soap; Marl; Butterfly Pea; Extract; Antioxidant
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20 Au Ussiumstsadin Wi & ndu USnames ds:ansamwmszisieanusn msliszmedion
donamoulasldayaiodie [20] - [21] ANNEIBNNDOIUTIVAMT uazANNEzAINlUMINANIDOY
vsseima Tneldnasinasinzuuussauanafionels foil

5amun = ssAuanufiowelanniign
4 pzuun = szAuANINRonelan
3 AUy = ssAuAnusnelatunais
2 Asuul = szAuAnuiowelatioy
1pzuun = srAvAnafionelatiesign

WNANIINARBILLATOAUTIBNA

1. mamsienziasulanaeslasmansiafia
aydldnnmaiaymusdiunadlumssd 1 fansasdogil 2 syaimaiuiusenes
aghaiedazdifongy ayifiimsAnAugenes @sadanendiu uaznosiuezlfnadnuanmoiu
idlonsrafifiafiouantsendemem  uazmnmssesuaziufinnwmendesaneilolulasalay
Adooee 10 5 (FUA 3) wodayne 7 gas LifdouUanuaouildlddmdsznevoessy duiuly
MUNUNUINTPIUNRAAUNYUYTY NUNDUNALTBIU UKD, 665/2553 [19]

—
Ml M2 M3

' - - -
M4 M5 M6 M7

JUN 2 ANBARYLARTGAT

M2 M5 M7

J s T \ 14 ¥ ace o as L}
JUN 3 ansarayIInMsmenlenassameslelulasdladiuseis 10 tn
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2. WAMFIAATIAAE

nnmyinmdsessy wuhmdees 2* dodumanuaiedmetsniig 33.00£0.79 fia
69504029 syfifiMsAnAuFonesteliRnuaTunsie Ut aReiim L issnntudeiimaiiy
Audowannniu ayiianuaisnnigaie gassy M3 uasayiinaAnAugenas 1 050 ua:
gsninnendaii waznoniiu (M4 - M7) 2:dif L* anaodedieuduayifimsifiufusenss 1 asu
(M2) duM o wesayfimegsznig -11.75:0.01 @y 6.65+0.09 syAudenasiANmIsinnendmiu
Usmaiinnduazilnufidennadu (M4 - M6) uazayfiiAuioAugenas ssainnendmwiy uas
wozim (M7) siliiauiiinuiung waze o* Tfeds:ning 4.94+0.35 f0 27.27+0.44 suisimsiinAusenas
athotAgIRa lnufmasouniwdouAudgonoomndy uazA1 b* anaodeolpussanno Ty
fusygns M7 fmsinnonindoinudvdendy uazdim b* anandaynnges lusasiisygaaiua
(M1) fifn L* a* uas b* Wi 33.0040.79, 0.35+0.05 ua: 4.94+0.35 musdu (3197 2)

MIWN 2 WAMIUATERATYBINY

el ASTOINY

¢ N L*x+S.D. a*£S.D. b*£S.D.
M1 33.00£0.79 -0.35%£0.05 -4.94%0.35
M2 62.99%0.40 0.26x0.04 8.05+0.23
M3 69.50+0.29 1.41+£0.13 11.73£0.51
M4 55.34+1.51 -7.7810.52 2.93+0.60
Mb5 46.63+1.03 -10.45x£0.47 0.34£0.60
M6 44.78+1.19 -11.75+0.01 -1.12+0.28
M7 40.90+0.28 6.6510.09 27.27+0.44

TayaLEAIAIDALES.D. (n = 3)

3. WaMTAATEIITIIAIRILATAINATILTOIHEY
HaMTIATALINATRIURANNAIUTRIBIaYT 7 grs dATlndAesiu Taeysmng
WoulMIznNg 72.67+1.53 D 75.0042.18 {aaan3 UazmMANNAINUBDINDIBET:WIN 68.50+1.32 fiv
71.67+2.52 findans deeglunmding uaziinnudonnfosiunuddedu ¢ Wi Senuldonaniue
AjdunzmLEENILUhumMaATILRE M UTINAIeY 68.33 - 80.67 TAAANT UAZATNAINL
Pe0NBINA 64.67 - 75.00 NadANs [22] uazaeUIENANAUNTYEIINIALUNNDULANYTIIaIn
wlundeunansiiu fmuTnases 66.33 - 76.67 uazanuaAsmuzasios 62.33 - 70.67 [20]

MIWN 3 WaN9IATRNTNIATHEY ANNAMUTEINeY MIannTou wazA pH

, Usumses ANUAINUYDINDI mMsannIau
gRINY o aa n an v pH=S.D.
(Uanans)ES.D. (Uaaamns)£S.D. (998R2)%S.D.
M1 72.67+£1.53 68.50+1.32 15.52+1.78 9.70+0.06
M2 73.33+£2.31 69.83+£1.76 15.66+1.14 9.86+0.02
M3 74.17+1.15 70.33+£2.02 15.87+1.69 9.7340.01
M4 74.50+1.32 70.67+£1.04 15.99+0.86 9.76+0.03
M5 74.67+£1.53 70.83%1.26 16.10+1.01 9.86+0.11
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MIWN 3 WaMIIATIZRUTNIATHEY ANATMUTDIWeY MIENNToU uazA pH (A9)

. Ysumsnes ANUAINUIBIND mMsFnnIau
GIZERN] o . o pH£S.D.
(UaNans)ES.D. aaans)£S.D. (99882)S.D.
M6 75.00+2.18 71.67+£2.52 16.57+1.75 9.8540.02
M7 74.50+£1.32 70.50+1.80 15.85+1.39 9.83+0.13

TOYNUEAIANDRYES.D. (n = 3)

4. WEMAIUATIERARNNTOU

A3euazmsinniousosayngasicmsde 155241.78 fa 16.57+1.75 Aomsai 3
FolndAssiunenunanianaymsainlundenuazayssainmluniounansiuiamnsinnsou
Souaz 23.09 - 24.90 dslfwsayndweIuriinlauwAsiuivoideil [20]

5. WANIAATINAINIA-A1I

AINTA-AM w3e pH zesayifimsiAnAusenss ssainnendmiu urznopiudia pH
520 9.730.01 G 9.8620.11 lupaudiuandgaiu (M1) fif pH uniu 9.70£0.06 Astusmngns
agluinaimnasIuNanAuAguTL Uy, 94/2552 uazdanAresiuuITeayfaudy 4 df pH
32939 8 - 10 [20], [23], [25] - [26]

6. NAMTIATIERYNEMUDULRBAIBOIN]

NNMIANBINEMUBLYRdFs rRsRyNNgAIFIEIEATIeY (DPPH) wazw3suifisuiu
N91MNINIFIUNIALEEABIDNNUIINAITNI 2.1620.11 A9 4.65£0.36 AAE/&Y 1 N3N a9
AATARaNM INARn 1A A laaldn15IATRANLLYTUSIU (ANOVA Analysis) Hoi3auiey
FunaneoonNARszAuANI TR eER: 95 UAZIATIZRALUANAOAIETS Duncan’s Test (SPSS
Statistics 25, IBM, sn3geui3n) wuhatgns M4 - M5 fgnamueuyadaszunnmoiueseiiiodiay
(p<0.05) Tneayisignamuouyadss:gofigie graay M7 deimsifunsausenas sssinnendaiu
uwazpiin fgndMmueuyadns: 4.65£0.36 AAE/a1 1 n3u 580R01AD aygAs M6, M5 ua: M4
ﬁqwéﬁmaumém“whﬁu 3.6130.16, 3.05£0.12 uaz 2.61+0.14 AAE/aY 1 a5u musiy Tupmsi
gasay M1 - M3 gnbaueuyadss: floufign fimazndng 2.16+0.11 fig 2.2140.17 AAE/s) 1 n3u
uaziy 3 amquamuaumam%mmﬂmaﬂuamauuﬂmﬂm (p>0.05) ﬂ\.‘l‘J“IJ‘Vl 4 FetumsiANsNIain
ﬂaﬂamﬂumﬂ‘ﬂuavwﬂﬁlﬂﬂumqwﬁmuaumam Juu (M4 - M6) qmﬁmuaumam qygns M5
Fofimafumsainnendwiu 2 Jedans ummﬂqummuauuaam qygns M7 ?IﬂLﬂJJE\HiE\Iﬂﬂ
nonddl 2 Naans ua: woBi 0.05 n3u ﬂﬂuumimuwamuwﬂmqwﬁmuaumam YRIAYGIT
dedisuiumaAnmssianenddueanie osnngnimuenyadasanannemsainnenayiu
fonnlumemsuounlaeiiu [13] wazlusiufuinsnesAfiuuend [18]

7. WamsUssiiunnunInelanananAnNNULUIIAAUNEY

matszdiuanuiionelarenAnd R LAz U IR IR 3 AT TTIuHEeiu
A sunfnAusenese e (M2) aufinAusonasuRzasaiAnendyiu (M5) uazaUfinAusenag
gsainnendii waziin (M7) usimuuuussadnidunseofimion Aguil 5 namsuszdiu
NNRUIzENiININ 20 AN NUNACUBUANNNINS lFTRIEYaLI NI 4.55+0.51 Tis 4.75£0.44 ALY
AzuuuANTionelandueysining 4.20+0.62 A 4.30£0.47 Azuuu AzuuuANufionelaUTmames
9830 4504051 @9 4.55£0.60 Azuun AzuuuaNuionelavszinsammsezaodoanlsn
4.65+049 A 4.70+047 Azuuy unzAzuuumMsliszmefeoiinuaie 4.90£031 donzuuuanufionels
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nenAnAmRynInuneglussAuionelanin (Ma1sh 4) duwamsdsziivanuiowelanaussginngy
AAZUUNANNTNINElIABAIINNIBNINDDIUITIAUN NI 4.32£0.48 §9 4.55£0.51 AZUUY URZ
AZULLUANINEZAIN UM TNANIDOIUTTINUNDEY TN 10 4.75+0.44 §i9 4.80+0.41 agluszaviowalan

6.0 -

..
U

A
S S

ayln
w
S

AAE/
N
o

—
S

0.0
M1 M2 M3 M4 M5 M6 M7

Ay

tJ 1 ‘;ﬁl a T 1 1 al s L) s aa U A
JUN 4 MgndmueuyadssesNy 1y~ ugniANNLANMIBRENBdAMIEaRTRIMWES (n = 3)

JUN 5 ANLDDVIIIAUTEY

MIWN 4 AZUUBNIND lIADHAAAUAEUAABLUUUI TN N

p - M2 Mb5 M7
Uszmumsissiuu
AZLLUUES.D. ASLUUES.D.  ASLUUES.D.
a 4.55+0.51 4.6510.49 4.75+0.44
ﬂﬁ'u 4.20+0.62 4.30+0.47 4.25+0.55
UFnmnon 4.50£0.51 4.55%0.60 4.55%+0.51
UszAnsmwmseinoioanusn 4.65+0.49 4.70+0.47 4.65£0.59
msluszamaAag 4.90+0.31 4.90+0.31 4.90+0.31
ANEIBINDDIVIIINUN 4.32+0.48 4.50£0.51 4.55%0.51
ANNEAINTUNININIZOIVIIVNUN 4.80£0.41 4.79+0.42 4.75+0.44

DaYAUEAIARRLES.D. (n = 20)
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Abstract

This research aimed to investigate the effect of fermentation and using pullulanase and
retrogradation time on resistant starch (RS) content and properties of legume flour. The legume
flours (mung bean, red kidney bean and soybean) were naturally fermented for 1 day and
the fermented legume flours were debranched by hydrolyze the «-1,6-Glycosidic Linkages
by pullulanase (40 U/g) at 50 °C for 12 24 36 and 48 hours. The optimal incubation time
with high degree of pullulanase hydrolysis was 24 hours. The fermented debranched flours
were then induced at 4 °C for 1 3 5 7 and 14 days. The results showed that the optimum
retrogradation time was 14 days with high RS content. The modified resistant starch was
analyzed its granule structure by Scanning Electron Microscope (SEM) and showed that
there was not found the granule starch with an irregular shape. The crystalline structure of the
modified resistant starch by X-Ray diffractometer (XRD) showed that all 3 kinds of legumes
were A-type patterns. It was found from this study that the process used to modify the starch
can increase the RS content with the different granule structure and crystalline structure,
resulting in a variety of resistant starch that could be applied as food ingredients in healthy foods.

Keywords: Resistant Starch; Legume Flour; Pullulanase; Retrogradation
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Abstract

This research studied the stability of soil slopes under seismic loads at Navaminda Kasatriyadhiraj
Royal Thai Air Force Academy, Mittraphap Subdistrict, Muak Lek District, Saraburi Province.
The objective of this research is to examine the Factor of Safety (F.S.) for slope stability and
the displacement behavior of soil layers in both horizontal and vertical directions at a horizontal
distance of 2 meters from the slope. This study investigated the stability at three slope inclination
levels: 1:1, 1:2, and 1:3 of soil type C (0.0465 g) and type D (0.0656 g) which supported
the weight of a 6-story residential building. These slopes were subjected to the impact of
seismic loads in terms of the spectral response acceleration, which was calculated by the
equivalent static force method according to the Department of Public Works and Town &
Country Planning standards (DPT 1301/1302-61). The soil parameters from the Boring Log
reports were utilized in the analysis using the two-dimensional finite element method. The soil
profile was modeled employing the Mohr-Coulomb approach, comprising clay layers
(Undrained model), sand layers (Drained model), and hard soil layers, which were assumed
to be tightly bonded and capable of transmitting energy to each other. The results indicated
that soil type C has a higher F.S. than soil type D, with the F.S. fluctuating according to the
slope inclination ratios of 1:1, 1:2, and 1:3, respectively. In terms of displacement in both
directions, soil type D exhibited greater movement than soil type C, with displacement varying
according to the slope inclination ratios of 1:3, 1:2, and 1:1, respectively.

Keywords: Seismic Load; DPT1301/1302-61; Finite Element; Slope; Stability
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2. MFNATEALEDLTAINTOIRIAAY
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UM 3 ANUFNAUFITNINNUIBLIIRDUAUNIIBLTIAIDIN [11]

Tne Mohr and Coulomb uuzihANMusuRus sz Nibewssoudunneussasnnszinule
001 I8ANlUFUTDINNM TR UATILEAIZO UM SIUATBINIRAY AN (5) - (6) [13] - [15]

T=c+otang (5)

r = mbeousadounynitAniemmdoidousasiu (Shear Strength of Soil)
o = MIPLTIRIIALUSUIULI Y (Normal Stress)

¢ = mMsgAmMeAuDaonAU (Cohesion)

¢ = yuFaamumelusecinAu (Internal Friction Angle)
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r=c'+o0'tang’ (6)
e
7 = MPLIIRIINUS AN NAULSIILLS oY = o —u
o' = Ws9AUL (Pore Water Pressure)
¢ = msgamzAuUsTanSHaeulniY (Effective Cohesion)
¢ = yndeamumeluls:@nsuavondniu

4. msmummA Factor of Safety (F.S.)
35 Phi-c Reduction unanmsnliwema ES. zosislWlunedwun Inelinanms
AANOUAIIAUDBIAILUS tand WA ¢ RIIUATNILATINI1AAMSNUAATENMST (7) [3]

_ Available Strength

FS.=
Strength at Failure

7)

sAdeilenduuuuiines Mohr-Coulomb Model dwisudnasiuA?dtR (Yield Surface)
uazimuangAnssuesAududny: Elastic-Plastic doiufiritRazgnimunlnenmautAvesi
(Soil Parameter) ldiily duezliuagivanuaioauazmiousdla 9 Amuiegmeluseuion
2IUATINRA FeazfingAnssuiudaain (Elastic) Tnaauysal [3]

5. fuAnluuuuiiaes

PNMIETINTUAN o emsthuinende 6 du silvssnsasgUamnaiiwes [16] - [19]
Milumsidedomaed 1 Fowudh 5:/n 0 -2 m uduAumiioanunne f5:iu 2 -6 m dudunne
WAAISZAD 6 -8 m uduAuuiondeiiu RelmmunsAuilFauli 2 m AU 4

MIWN 1 AMWAmeINAMIzasIatuAun lalunuuaians

Depth . . . y SPT(N) c
No. —— Soil Classification 0
from to (t/m) (t/m3)
1 4 0 Fill Material 1.80 - 2 22.0
20 2 Very Stiff Sandy Clay 1.75 13 6 _
3 2 4 Dense to Very Dense Sand 2.00 35 - 343
4 4 Very Dense Sand 2.10 70 - 39.0
5 6 10 Hard Soil 2.20 - - 42.7
Tnei
y Ao wihoimidnzesiu (/md)
SPT(N) e swauaseiduldlumsnenliiugy 30 cm
c o AwseBawileizeciu (Ym’)
7 Ao yusamumeluvaciu (auFn)
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Deformed mesh ul (at true scale) Deformed mesh [ul (at true scale)
Maximum vaue = 7.247°10-3 m (Element 268 at Node 3715) Maximum value = 5.832*10°3 m (Element 519 at Node 3897)

Ehﬁélgfuuen"sé@ _‘;-1_(:;g T [5i612024 PLAXIS znlsa.E’ETjrf_Ex:_LZ_C 5 [sier2024
Saraburi_1-1.0.0465 3 fo—) cowecresion [Saraburi_1-2_0.0465g 3
(n) anTIEINANNTY 1:1 (7) OATITIUANNTY 1:2

B bt

It

&

H
i1

Deformed mesh |ul (at true scale)
Maximum valve = 5.422°10°3 m (Element 752 at Node 3212)

ER pLaxis 20 SaF_;"BTm_Exc_m_c [s/6r2024
o= comecredion [Saraburi_1-3_0.0465g z:

(A) BAFEIWANNTY 1:3
JUN 4 wuudaeedusugn

NANINARDILRZINTOL

mnmasuTmdeyadlidmiunuids sunsousnonaladoi Ae

1. mAnusmeuauedswnasuTlismsuAudsan C duiuuded 0.0465 g uzAulssm D
FuAnUARD 0.0656 ¢

2. ABIAnEissmnvasanAuliisarnaunuudnn melanannisaunageoussniely
Tuunno  aunaesTueLANlUTULLIAY  FUARTDILIITOITULLIAITINNA  UR:ANARDO LU
veuduuInennnA felusunsy PLAXIS 2D [20]

3. fummmandeusesainiu 735 Mohr and Coulomb iiierilutszunanalulysunsy
PLAXIS 2D

4. mmniiwesililuwuusimestuin liud wisedminzesiu (Vm) swamaseituls
TumanenliAugy 30 cm Mussdamilirzesiu (Vm®) uazymdoamumneluzosiu (0ae1)

5. mmuamannsuANaondtluszeza (Short-Term) 1-3 T (Hlefimsnosioomsuiissa)
Laisng1 1.3 wazszezend (Long-Term) Bifnd1 1.5 meldiunnsgiunsunonats ns:nsanNmay
ez FHWA-NHI [21] - [22]

lethieyanomuamiaszifeTlsunsy PLAXIS 2D sansauanskalidoneluil

1. nyaloanaEIuANNTY 1:1

snasIuANuReAdsesEissMNRIAANASRTIEINANNTY 111 BesAulsuan C
fifwnAu 2.11 uazAndssan D f 2.06 dofuss 2 Uszaan GAmnnnd 1 dstuainfuiidnsidiu
A 1:1 frsaeadeamsasmumuiminussynuunmusazussuiuAnlmla fosui 5
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MILAFOUAIDDITUALIUNANIILUITIVUAUIAINDNTIFIUAMIUNTU 1:1 DosAULIzAN C
TUAULDY (0.0465 g) AWMU 6.01 ua: -5.10 mm. luduzesAiudszaan D duAula@ (0.0656 g)
AANMAD 6.55 uaz -5.16 mm. AsgUn 6 lnedanvuzmadogluaziundoninmadogy Avgun 7

@ m am e o ko om M@ mm w0 No 40 Mo 6@ e am o 4w m um ke Aw wm w0 2w M0 6w w0 em w0 [

—

Total displacements |u] (scaled up 0.200*10°3 times)
Maximom value = 5548 m (Element 537 atNode 4935)

bl

.

r

i
&

£
!
gt
) |
TP T
& 8 88 &8 88 &8 k8 kB8 k8 kB2

sPEERLERERLILEE

Total displacements u, (scaled up 200 times)
Maximum value = 7.947+10-3 m (Blement 263 at Node 4208)
Miimum value = -0.04405*10-3 m (Element 335 atNode 142)

A rLaxs o/ Saraburi_Exc_11_C [5/612024 . raburi_Exc_1-1_C [5rer2024
Fo=] cowecresien [Saraburi_1-1.0.04659 s | b |"s'§rabun 1-1_0.0465g [los |

(M E.S.=2.11 Audszan C tupuudo 0.0465 ¢ () E.S. =2.06 aulsaan D duaudai 0.0656 g

40w 4w e o wo m Mo w0 2 uw om  wo  wo 2@

AR
[

£
I

H
1

r

s
il
¥
\g I§

Maximum value = 5548 m (Element 537 at Node 4935) Maximum value = 4811 m (Element 536 at Node 5220)

‘ Total displacements |u| (scaled up 0.200%10°3 times) ‘ Total displacements |u| (scaled up 0.500%10-3 times)

.] PLAXIS 2D Saraburi_Exc_1-1_C 511312024 EW piaxis 511372024
COMNECTE6ion | Saraburi_1-1_0.0465g 206 [infra Group Co. Ltd foo) conerras

(A MILARBUAINAINTY 1:1 (1) MIARBUAINANINTY 1:1
AuUszan C duAnudo 0.0465 g Autszian D guAndnm 0.0656 g
JUN 5 annsiuaNulaenitzasEleIMWRIAAUNENIIRINANNTY 1:1

a® o am s oo wm m M0 AW 2w ww o w0 am S0 o,

bbb
T

»
H
H
|

L

P %
ozl
P
(ol
§EEEEEEEEEEEEEREEGE S

1
&

ESEEEEEEESEEEEEE YR

s
H

Total displacements u, (scaled up 200 times)
Maximm vale = 8.504+10°3 m (Element 263 at Node 4208)
Miimum vlue = 0.03936*10-3 m (Element 335 at Node 142)

Total displacements u, (scaled up 200 times)
Maximum value = 7.947+10°3 m (Element 263 atNode 4208)

Minimum vaue = -0.04405*10°3 m (Element 335 at Node 142)

. PLAXIS 7|Saraburt Exc_1-1.C _— [sier2024 .] PLAXIS' 2D Sarabun Exc_1-1.D - 51612024
CONNECT Ediion ‘safﬂbl‘" 1-1_0.0465g [106 ‘ o) comectesion [Saraburi_1-1 0.0656g ‘106 lh.

(M) uwITI 6.01 mm. (2) WWIIIW 6.55 mm.
AuUszan C duAnuds 0.0465 g Autszian D guAndnm 0.0656 g
JUN 6 MR UMZEITUANIUNANIILLITIULALIAINENTIEINANNTY 1:1
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B e T T e e T st
(M) UWIAI -5.10 mm. (9) UWIAY 5.16 mm.
Aulszan C JuAnuds 0.0465 g Aulszan D duAulan 0.0656 g
JUN 6 MIARpUMBITUANTUNANIILLITIULRZLNIAINENEINANNTY 1:1 (AD)
|Saraburi_Exc_1-1_C 5/13/2024 E [Saraburi_Exc_1-1_ I
R }"s';&?uri_1-1_o.oaesg [1o6 [infra Group Co. Ltd ‘ et [Saraburi 1E-1 (:J:SSDE_Q [T06 [infra Group Co.,Ltd S
(M) AuUszan C TuAnwds 0.0465 g (v) Audaztan D guAndnf 0.0656 g

JUN 7 ansarmaisjluassiuntsninan e JunansaIuaug 1:1

2. DATIFIUANNTY 1:2
DNFINIUANNUNDAABDDILHDTAMNAIAAUNDATIRINANNTY 1:2 pasAudszaan C

fifwnA 2.62 uazAudsnan D fA 2.54 JoAudio 2 Usaan GAannnd 1 Aeiuainauiiensidiu
AN 1:2 ﬁmmﬂaaﬂﬁﬂmmiaﬁmmuﬁmﬁﬂussvgﬂLmﬂmuua:uiaLwiuﬁuvl,mlﬁ ﬁagﬂﬁ 8
mynaeumzasiuRnluimmouNuLasLRsfions ALY 12 sesiulsaan C
TuRnudo (0.0465 ) HAWMAY 4.98 uaz 4.57 mm. lugimzesiudsanan D TuAudad (0.0656 g)
fiAMAU 5.49 uaz 4.61 mm. AagUf 9 Tneddnua:madosy wazmunisifiamadosy fagud 10

\g ’E ’§ V§ \g

Es s s e85 s fEEEEEe
4
H
r ‘
M
M
prEEe it
HE

Bubunfuf

[

H
|
H

H
1

]
&

-
lul ) Total displacements |u| (scaled up 0.200*10-3 times)
Hadm ke = 140910 m (Gt 628 ok 552) ot e = 6963 m (Bement 24t ode 5569
EPA F1axis: 2p|Saraburi_Exc_1-2.C [si6/2024 EP puaxis 2n/Saraburi_Exc_1-2_0 51612024
A S el e
L) comnecresion |Saraburi_1-2_0.0465g [206 [ Eo—) comeercoin [Saraburi_1-2_0.0656 206 |

(M) E.S. =2.62 Audszan C duanuds 0.0465 g (9) F.S.=254 Aaudszan D FuRnUni 0.0656 g
gﬂ‘ffl 8 dNINFIUANNURBAABLOIEDIEITMWRIAAUNTAIIRIUANNTY 1:2
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(M) MIARNDUAINANNTY 1:2
Audszian C duAuwde 0.0465 g

J s 1 s = = ﬂl s T s T
JUN 8 annEINANNURAATRIETETNMWRIAAUNENIIRINANNTY 1:2 (A0)

oy in gn i, e sbl gem, pnh R S M ke en b B2 g
i -
w
-
w
.
o .
“Total displacements |u| (scaled up 0.100%10°3 times)
Maximum value = 14.09*10% m (Element 828 at Node 5820)
EP pLaxis: 2p/Sarabur_Exc_1-2_C 51312024
== : o
o) comvecteiin |Saraburi_1-2_0.046: Infra Group Co.Ltd
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Total displacements |u| (scaled up 0.200%10°3 times)
Maximum value = 6963 m (Element 824 at Node 5565)

= | o 5
PLAXIS' _Exc_1-2_D 511372024
Eo—) comvecresion |Saraburi_1-2_0.06: 206 |infra Group Co.,Ltd

(9) MIARNOUAINANNTU 1:2
Autlszian D guAndnm 0.0656 g

EoB b B

=

H
L
$EEETEESEUEEsEUEEEEEs

H
|

Maximum value = 6.933°103 m (Element 348 at Node 4708)
Minimum value = -0.04101°10° m (Blement 367 at Node 160)

Total displacements u, (scaled up 200 times)
Maximum value = 6.403*10°3 m (Element 348 at Node 4708)
‘ Minimum value = -0.04682* 103 m (Element 696 at Node 268)
| )
A rLaxs: raburi_Exc_1-2.C rs:/a/zou
CONNECTEdin | Saraburi_1-2_0.0465g \ws |W'
(M) wUITIU 4.98 mm.
.
a ar a (=3
AuLszAn C duAnwe 0.0465 g
e e e e e e e e
2
e >
K z
.
a
e
‘Total displacements u, (scaled up 200 times) -
Maximum value = 0.2625*10°3 m (Element 859 at Node 9004)
’ Minimum value = -4.973*10°3 m (Element 368 at Node 67)

- pEm—
PLAXIS® raburi_Exc_1-2_C [si6/2024
o) comecresion |Saraburi_1-2_0.0465g [fos |

() u,mﬁ'ﬂ -4.57 mm.
Audszian C duAnude 0.0465 g

’ Total dispiacements u (s<aied up 300 times)

=R FLaxis 20 Saraburi_Exc_1-2_D [5/6/2024

L@ CONNECTEdiion |Saraburi_1-2_0.0656¢

[fos |

(2) 1113970 5.49 mm.
Autszian D guAndnm 0.0656 g

L TR e, 5 e, B 5 %5 o0 B [ BR e
.: o
w =
I I i
i
w [ -
Total displacements u, (scaled up 200 times)
Maximum value = 0.2683*10°3 m (Element 859 at Node 9004)
Minimum value = -5.226*10-3 m (Element 368 at Node 67)
= [araburi 5
EB pLaxis 2p[Saraburi Exe_1-2. D 51612024
o) comecresion [Saraburi_1-2_0.0656g [fos |

(9) WwIRg -4.61 mm.
Autszan D guAulnm 0.0656 g

JUN 9 MIPRBUAIDBITUANTUNAMILLITIVUAZUUIAINDNIIRINANINTY 1:2
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Total displacements |u] (scaled up 0.500+10°3 times)
Maximum value = 2004 m (Blement 1131 at Node 6871)

Maximum value = 1380 m (Element 1141 at Node 6874)

’ Total displacements [u] (scaled up 1.0010°3 times)

EPA ©Laxis: 20|Saraburi_Exc_1-3_C [Sier2024 EW p1axis 20/Saraburi_Exc_1-3_D 51612024
o= connecrediion o) 2 inad
= [Saraburi_1-3_0.0656g 205 |

Fo—) conecreiion [Saraburi_1-3_0.04659 [os |

() ES. =3.05 Autsznan C dumuud 0.0465 g () FS.=294 fulszian D FuAnUNR 0.0656 g
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Tul (scaled up 1.

Maximum value = 2004 m (Element 1131 at Node 6871) Maximum value = 1380 m (Blement 1141 at Node 6874)

‘ Tota displacements 1u] (scled up 0500+10° tmes)

raburi_Exc_1-3_D 511312024

EPA pLaxis: 2p/Sareburi_Exe_1-3_C 511372024 ] PLAXIS 2 i_Exc_1-3_
o] connect editior
205 Infra Group Co.,Ltd o Sarabun 1-3_0.0656g 205 ln1ra Group Co.,Ltd
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Total displacements u, (scaled up 200 times)

Maximum value = 6:451+10°3 m (Element 704 at Node 5012)

Total displacements u, (scaled up 200 times)
Minimum value = -0.04181°10° m (Element 518 at Node 123)

Maximum value = 5,909*10°3 m (Element 704 at Node 5012)
Minimum value = 0.05074* 103 m (Blement 986 at Node 284)
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Total displacements u, (scaled up 200 times) Total displacements uy (scaled up 200 times) ’
Maximum value = 0.2354*10°3 m (Element 1247 at Node 12239) Maximum value = 0.2429*10°3 m (Element 1247 at Node 12240)
Minimum value = -4.921*10°3 m (Element 521 at Node 38) Minimum value = -5.176*10-3 m (Element 521 at Node 38)
P e
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MIWN 2 MOATIFHIUANNURDANDLAZNITIARNDUAI LULUITIVLRZUUIAINANNTY 3 52AD

Horizontal Displacement Vertical Displacement
Factor of Safety
Phase (mm) (mm)
Zone C Zone D Zone C Zone D Zone C Zone D
Excavation Slope 1:1 2.11 2.06 6.01 6.55 -5.10 -5.16
Excavation Slope 1:2 2.62 2.54 4.98 5.49 -4.57 -4.61
Excavation Slope 1:3 3.05 2.94 4.64 5.17 -4.41 -4.46
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Abstract

This research article aimed to study the clearance of the second finishing roller set of the 4-roll
raw rubber sheet rolling machine affecting the period of rolling para rubber sheets and 4-roll
raw rubber sheet rolling machine efficiency as well as electrical energy consumption to rolling
para rubber sheets. The experiments were carried out with the following roller clearance
settings for each press roller set: the first smooth roller set will be set to a clearance of 4.5 mm,
the second smooth roller set to 3.0 mm, the first finishing roller set to 2.0 mm, and the second
finishing roller set will be to three levels: 1.0, 0.5, and 0.1 mm. respectively. The result found
that the 4-roll raw rubber sheet rolling machine can significantly reduce the overall raw
rubber sheet rolling time, decreasing rolling time by 82.40 %. The comparisons of the
production rate per hour represented the 4-roll raw rubber sheet rolling machine performs
a higher rubber rolling rate than the traditional rolling machine, with an average rolling
rate of 361.08 sheets per hour. Furthermore, electrical energy consumption was reduced
by 58.126 %. Adjusting the clearance of the second finishing roller set to 0.1 mm provides
the average thickness of rubber sheets after rolling as 2.14 mm. which is the standard size,
and obtains the highest rolling efficiency of 88.24 %.

Keywords: Para Rubber Sheet Rolling Machine; Wrought Press Roller; Para Rubber; Rubber Sheet
N
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unANNHAEIRIIAUN T IINMIARMANLALNTA SS400 dadumanTassaeildiuaounsnay
BNAIDEIIEY NIUABNSI SIUEZNIY IUgAEIAITNEINENA Wual JIdedsladnmnisdnman
IN3A SS400 AIBLATE0AR Thermatech 3u TM1634 Taadudsfifarsaniisoil 1) usaduan 2) szosi
sshidnduey ua: 3) dnsndilumsangnimuaiiumudsilflumsinmil Fusmamaanune
ANEN uazANuRil 50 50 ua: 5 mm muaRy leevnmstuiinmnszudliih uazmnuney
Aadn (Ra) oonuuumsnAroalagld Orthogonal Array fME3smnd MamsimnemmNzaLign
nsdimTiontioR (Smaller-the-Better) aulih lumsinman SS400 meAIagsnwaas e Thermatech
1 TM1634 Tneldmusonu 5 bar A1928:M19909%IAR 35 mm ANSIIUMSAR 150 mm/s 2:14
nazualni Ay 20.98 A ludiusesAiANuneIUAINIEENAGATAWIAY 9.76 pm Taelde
WIIAUAN 5 bar A28 IIBBINIAR 40 mm ALTIIUNSARA 250 mm/s
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Abstract

This article described the cutting process for SS400 steel which is a majority structural steel for
using in construction work such as building construction bridge construction and automotive
industry. This paper focuses on the cutting steel of SS400 using Thermatech model TM 1634
and the variable considering in this paper consisted of 1) Air pressure 2) the gap distance
between the couple of cutting head and 3) cutting speed. The dimension of the test object is
50 x 50 x 50 mm in term of width length and thickness respectively. In addition, the current
and average of roughness of surface (Ra) are determined. For the experimental method, this paper
using Orthogonal Array algorithm based on Taguchi method. The experimental results,
the deserving values forecasting in term of smaller-the-better can be shown that the cutting
steel of SS400 by using Thermatech plasma cutting machine model TM 1634 with 5 bar pressure
and 35 mm gap distance and 150 mm/s cutting speed is delivered the current is 20.98 A.
Moreover, the average of roughness of surface (Ra) is 9.76 with 5 bar air pressure and 40 mm
gap distance and 250 mm/s cutting speed.

Keywords: Plasma Cutting Machine; Surface Roughness; Taguchi; SS400 Steel
N

wiinmiled (Mild Steel) wSamannimmsueusn garansuieldlumemsmannnilanzuaasiindu q
madivmgn swsathlldnuladlunn 9 o snsafveendudy Aneeniuuwulaf dounld
Tumsnessie AnE:nL gRSIMATINEILENA aaEMNTINSe NuUnouulRNT FudiunIeodng
wazomin 9 W Fslunsuaumsanlancusy feidunszuumsieaglumsiumanan noimuiuUSina
UWAZANIMNDBITUNY MIFRMEATasRANaISN (Plasma Arc Cutting) hAsemhlina Tz
mazsnsaAnlAetiTInG) Sanmuiuggs SAldnedn dedeuiumsAnmeismson anHan
i [1] Wnmsanmiedeninansmuremsinnsevesifanaaiilumsaniudiuman
msveus Tnededeiaulefe nszualn Amwduuds wazanudilumsan nunidedoiifinase
mssnzesRANEIENe gAY Ao UsinansudlWinililumsantuonu  fodumsanvesiadia
wansshazuUsFumuUsnansuslihlilumsantunuludoUSnansuslv 40 - 50 ampere uas [2]
lafnmmanuneIuAIgasmsAnmanARULNRNNYda SKD 11 meaainlwi Tneliismsesnuuy
MINARBILLLMN TN IATIAMAILLSATHRADAIANIMEUAY FMINARBIRATLILMIBLELAIN
dnlnsanaundncouin 0.25 mm MmsAaaw 3 Uads Ae wuseoaulvih masmusldth uas
ANusIlumMsteumianun maszualith AnanemanuneivitesisiesAny dmsuussaulnvh
wazanuslumsiounn lidonasennuneivin wenanii [3] doldmmsasansesiiduddnlan:
MBS UUNAINEY EIATIRAMTaT eI N8I AIANIUILLALANUAIRINAIEI SN TE0ALUL
manAsaouuuINg TnevmsAnniedeifinarennuammniouia AnasImsan nazusln Aamu
LRZAINYAUT NANDIAALALIANZIAINALILANAIIAUAD 2 4 WA 6 mm WAIINNITNARBIND I
hdunpuanesiifonaromANNIUILINATGARD ANMSIR 300 mm/min ATNELR 80 psi nszualnihd
40 A uRzAMNINT 6 mm HesnnimenuRRnaInzIANNEIIWBEEAT 0.50 mm uaziladurevsuas
fdonaremANuATININNTIgAAD TaduAu59N 400 mm/min ANANR 70 psi nazualnd 35 A
UWAZATIMUIN 2 mm InSIMANNRANAINATINAIININNGAT 0.24 mm
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MNMITUTITeyanaeIduzes [4] - [8] MHwniidelnfadiufimsfnsmmeanszualin
uAzAANAMEUAITIWINzANlLMSAR MBA3eoAANAIE 8o Thermatech §u TM1634 Tnevhms
Anwiladenonun 3 Muls Ao MUIIAU MIzBBRIRRALTLL uazAAMSIAR Wams
ganuuLuRzUUUgens:vumsAnlanzuinluismsgasmnssuligeaulyuewan

AFMTANLUNTIVE

1. Fanuaziaavionliluside
MMIenLUUMIARTANGUALIATA SS400 WA 120 x 240 cm %Wl 5 mm ilazna
50 x 50 mm A93UT 1 FBLA3BsARNAIEIIEYe Thermatech §u TM1634 dniiluiadesdniisaosu
MIAARIBTVULATULRI NS AaASaeiiowin 220 x 160 cm fianuansalumsanduouls
AR 160 x 340 cm favlna 1 220V, Single Phase, 50 Hz §13150AA 10N LA UA I8 UUAR
WA lARAIMM 3 - 16 mm

50mm

SS400 SS400 SS400 SS400

SS400 SS400 SS400 SS400

JUN 1T MIvenuUUMIARIanNUHY 1N3A SS400

2. fudsmdlumsnaasy

Tumsiseiasimsanmlnemauamulsaod 1) musoAuan 3 3360 Ao 45 5 uas 6 bar
2) MIEZ0NIAN 3 J2AU Ao 30 35 uas 40 mm uaz 3) ANUSIUMSAR 3 STAD A 150 200
uaz 250 mm/s IMIANTAEMSAILANMLUSIANIUNTZUIUMS UAmMEATIIN:ANDIMINARD]
WelilAnaansnAngamesmnd flosfeismasenuuumanasesuuunind Wumaiiafisnsa
mmanswananansuluusszsziviadosesiudsvanls  Geesdeanmlieuazszazarlumsin
ManAaedla FITBLENN159A9UUY Orthogonal Array (OA) 9:vilasnuIsamdnsnaneuniuls
ffnaeiadulfegufius@nsmm fomsiei 1

M3wn 1 madsuazszauidaselunsnnans

. . sTAUYeILRY
AILLUInan
1 2 3
ALLITIAUAN (A) 45 5.0 6.0
ANS=80T099IAA (B) 30 35 40
ANULsIluMsSAR (C) 150 200 250
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3. MIVVARVUMNINANBILUUINYD

MIBONUULMINARDIUUUMGT (Taguchi DOE) ihumalinnlionuuumsnasaoioUiulgs
AMINTBINIZUIUM SURNANA T lunumemuinssunuan denaiiailinuaunmmnoes
FUVIAINIINAUMNA 2 UUU AB MIAIVANANMWANIZNIBBALULUNINAREY (Offine Quality
Control) 1M IAILANAMAMIDIAINTINNINUATIANTUIUTUADUNITIIOUNY N1TBONUDY UAZ
MINAUINAAA T 1 3INTID UABUMTEOALUUTIUY (System Design) n1509ALULUNITIHADT
(Parameter Design) wazmseenuULTIsiinszuIumssensUld (Tolerance Design) s?im,ﬂugﬂuummﬂ
wmafiamnd lumenduiumsmuANAMMNIZUA DT uABUAIToBALUD (Online Quality Control)
umsmuauammwasianssunuaiAntulusuneumMINanTINTIn sz UIuM s IAienTI9teU
AARAN MathluySuaiieudlalut memensainnufesmssesgnimuazihlludlelignses

inosiienlddmsvisnmannife OA WuswuwmIndeasiudeimualusduuad
uazpaAull 35mImgiAe mslddnaduuuy Signal-to-Noise (SN) 9:mduiuzasiulsiiie A
Andeflilumsinseswans:unesilads Noise musnwMzBOsENTIOUzDOIAIUUT UazazIMT IR
AwosasAn SN zesdiumulsluieyaresnaneusuasuaziiveliiilndAmAsnaneuauesnad
dhvnefdesmsfian

thyanezesnseenuuumMInAaLuunnd lunssuiumswin Ao

31 ielwlie SN AAfgn ooy

1) Jaymwiin Larger the Better tlumasuya ons1din SN thunefie Agegaues

nanauuaziuminzadleuansneazBaamRmzRtn AnuAadamuas mldanaunsi (1)

SN, =—1010g(1i%] (1)

ni;3 v

2) Jeumwiin Smaller the Better tunsauyn 9n3189u SN gosA Nty 9
dmsunanauduguguatiuA N s LanITeeBuANIZAIAAIINIHBIINAAIUDY
mlAangunsn (2)

1 n
SN. =—10log| — 2 2
; g(ﬂ;y,] @)

3) Uaymulin Target the Best umssuns ons1diu SN TuAuihmmne fAemangs
uaztiumnuinzsudemiiiumihninsfumnnaaNUReNAAMUULLR:MU M LAanaumsh 3)

SN, = IOIOg(f—jj 3)

32 devhwemimmnzandgalunged mad mldannaunsa @)
Y piimar =M+ Z i [(mi,j )min - m] (4)
[9] fimsdszanaldismadlunszuiumsnadanaseverglitiounay 5052 Taafn

AINIALAB INANGA D IATIININUIINSLEITNseenuuunIsnAaasuuum)idunvensula
ann [10] GonwudnIdoeomd lnsumsveusvuazgnldetounsnaislugasmnssudiy
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ARNIINANDY

mnmseanuuumInaasslaemslimseanuuy OA e:lAduiumnaassiiiosiign Aa 8 mInAaod
o953 Imiuma1 Standard Orthogonal Array wud1 L8 swnsammuaiedeliies 2 szavilede
Fidedndenlimsennuuy L9 iflesiiemanaaesil 3 fudsvan ua: 3 szavilede defidiuou
msnARpITINA 9 MmanaAResnAAMAmRlANAMIfIIA maiudoyamaszudlni uazin
Anunenuia Tnermanaaes 3 Ase Tnelimmulsuazszauiadelumsnnaecmu fomsof 1 ua:
ymsintunulisesAniunuAsgUn 2

A1BICl1 A1B2C2 A1B3C3

[t
A2B1C2 A2B2C3

A3BI1C3 A3B2C1 A3B3C2

JUN2 souARTUIIY

MIWN 2 aATIEIU SN asAasualia1nnsnAaouniin Smaller the Better

AU A B C Triall Trial2 Trial3 Mean SN
1 1 1 1 17.20 17.44 17.34 17.33 -24.77
2 1 2 2 20.39 20.37 20.35 20.37 -26.18
3 1 3 3 26.39 24.04 25.04 25.16 -28.02
4 2 1 2 17.62 16.48 16.52 1687  -24.55
5 2 2 3 21.49 19.84 20.84 20.72 -26.33
6 2 3 1 27.57 24.21 2521 25.66 -28.20
7 3 1 3 18.05 17.02 17.52 17.53 -24.88
8 3 2 1 21.06 20.46 20.66 20.73 -26.33
9 3 3 2 25.33 24.47 24.85 24.88 -27.92

{ieMsATiARas ANOM (The Analysis of Mean) waﬂmm uslwvh Tmrmm SN
UARZNIINARDITIA Smaller-the-Better ﬂﬂﬂ”l’i”lﬂ‘lll 2 WU AseAuaN? 5 bar WIRAMIININTUIL
30 mm 1dAuS9ARA 200 mm/s fA1 SN ‘LlE]E]‘VIf\]ﬂ

ISSN 3027-6756 (Online) 55
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)




. RMUTI Journal Vol. 17, No. 3 (September - December 2024)
NZ- > c257116

RMUTI Journal

MSN 3 OATIEIN SN DBIAIANNREIUAINAISNARDYZNA Smaller the Better

A A B C Triall Trial2 Trial3 Mean SN
1 1 1 1 6.80 6.82 6.79 6.80 -16.65
2 1 2 2 7.81 8.20 8.00 8.00 -18.07
3 1 3 3 3.20 3.10 3.36 3.22 -14.36
4 2 1 2 7.53 7.50 7.52 7.52 -17.52
5 2 2 3 7.92 7.94 7.95 7.94 -17.99
6 2 3 1 13.25 13.36 13.34 13.32 -22.49
7 3 1 3 14.41 14.28 14.49 14.39 -23.16
8 3 2 1 9.92 9.91 9.76 9.86 -19.88
9 3 3 2 8.73 8.90 8.70 8.78 -18.87

WaNINSIATIZNAIRAS ANOM 29u9A1nszudluny TneniA1 SN uaAazn1snAaedtin
Smaller-the-Better A9AS19N 3 WU AUIIAURNT 4.5 bar ARKIINATUIU 40 mm 1HANUSIAAT
250 mm/s #iA1 SN Hesign

MIWN 4 INSNaveswAazszAUaduaInm SN apsns=udlWnwidn Smaller the Better

Level A B C
1 -26.32 -24.73 -26.43
2 -26.36 -26.28 -26.22
3 -26.38 -28.05 -26.41
A 0.05 3.31 0.22
Rank 3 1 2

NNMNMIAMAUBNENAIZAUTIIBIIAM SN asmATualn Asms199 4 wun mauls B
fAin MazuznspasmAndmInnign JoasUlan macasiszesnaniionsnamniganemnszudlWvhingn

MIWN 5 DINSTNRVDILARZI=AUTII8917A SN DBIAIANNKBEIUNITHA Smaller the Better

Level A B C
1 -16.36 -19.11 -19.67
2 -19.33 -18.65 -18.15
3 -20.64 -18.57 -18.50
A 4.28 0.54 1.52
Rank 1 2 3

nnmsdnaAuanswaszAviadunnd SN soomANIMNUAT Aam R 5 wuh Ml A
fia Musoruauiammaian JeagUlan mussdulnihiandnanniiganemanuneuiifign

ilefinsananguil 3 uaz 4 vimadenszAviladeiidunsdimiionfiod (Smaller-the-Better)
3zl A2 B2 C1

mARaTEEN A2 s1zANRAY SN uazARABTRIHAENSRBUALEIDDY A2 fATlndiAY
A1 Mean anfign
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wnWaNtdon B2 191zA@As SN UazAIRANI0INaaNEnaUNUBded B2 dalnatAes

A1 Mean 3ANgA
wananEen C1 wazA@ds SN dalnatAssA Mean Nign uazADRUIBIHAANSAOUNUDI

pe9 C1 AMunngn

Main Effects Plot for SN ratios
Data Means

Fusodu (bar) A13zzN0Te0AA (mm) pnu3alumsin (mm/s)

-25.07
-25.5
-26.0 A2

-26.57

Mean of SN ratios
1

-27.01

-27.5

45 50 6.0 30 35 40 150 200 250

Signal-to-noise: Smaller is better

JUN 3 ndwavesunacssAvvaduaaziady 91nA1 SN BaIAINIUE

Main Effects Plot for Means

Data Means
Fus0AY (bar) FszEzoBeIAA (mm) Anu§lumsiin (mm/s)

26

25

24
@ 23
154
S
p=3)
s A2
g 21+---@= e et '“@W“-“
2 Cl
=

20

19

18

174

45 5.0 6.0 30 35 40 150 200 250

JUn 4 dndswavesuAazszAvzBcuAazilady MnANARBABUENDN (Y) 209AINIZLE

Weol1sanngn 5 ua: 6 madenszaviledundunsaiiilontion (Smaller-the-Better)

a:ln A2 B3 C3
MANATNEDN A2 N91:AIRAE SN UAAIRALTDINNRNSABUNUBITBY A2 JA1lnALABIAT

Mean 31nngn
winnantdon B3 1w31zA@As SN pag B2 uaz B3 dmlnatfsoiy uAAImassoInaans

naUdNBIYad B3 dAmn Juiden B3
wAnan@an C3 1W31zAaf SN UazANRNUT0INARNSADDAUDITeY C3 AATlnaLALg

A1 Mean 11n9gA
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Main Effects Plot for SN ratios
Data Means

s (bar) F3zUzIN0TBU A (mm) ANUEIUMIRn (mm/s)

Mean of SN ratios

214

45 50 6.0 30 35 40 150 200 250

Signal-to-noise: Smaller is better

JUN 5 dndwavesunasTAuzaduaaziady 91nA1 SN 2aIAIANUNEIURD

Main Effects Plot for Means
Data Means

FILs9AY (bar) FSEENOTBYIAA (Mm) pu3alumsiin (mm/s)

Mean of Means

45 5.0 6.0 30 35 40 150 200 250

JUN 6 BndwaresuARzszAvzasuAaziady 1INAAREARUEULDY (Y) 289A1ANNNEIURT

MIWN 6 MAmzENgAINMswstesmnsudlvih ssAviledeniunsaiialosdon
(Smaller-the-Better) waumnszualnvhazla A2 B2 C1 inluviwnsminmanzaungalanoaunisn (5)

LRZHNNITN (6)

e 21.09+20.61+21.24
3

=20.98 ®)

Zn:[(mu)mm —m|= (42— m)+(B2-m)+(Cl-m)
7 =0.11+(~0.37)+0.26
-0

(6)

MU Y, 0 = 20.98 + 0 = 20.98
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M0 6 ANNZENNEAINNMIINUIBToIAINIzuaWHh

Level A B C
1 20.95 17.24 21.24
2 21.09 20.61 20.71
3 21.05 25.23 21.14
(m, ) —m 0.1 -0.37 0.26

NMINN 7 MANTEUTGAINMIINNeBsmANuenuil . ssaudedeiilunsaiiimiostn
(Smaller-the-Better) paumANuneunI9zla A2 B3 C3 ihluvinamimnzaungn lanuaumsn (7)
uazaNMIsn (8)

9.59+9.10+9.18
m =

3 =9.29 @)
Slon, ) —m]=(42-m)+ (B3-m)+(C3-m)
= ~03+028+(-0.11) ®
=047

RN Y, s = 9.29+0.47=9.76

MIWN 7 ANANZENNGAINMTTINUIEDDIAMANINNRE VA

Level A B C
1 6.68 9.57 9.99
9.59 8.60 8.10
3 11.01 9.10 9.18
(m, ) —m 0.3 0.28 -0.11
fyUnan1InAaey

anmsfnmmansimnzaslumsanmanmionnsn SS400 Mein3ooRANaIF 8% Thermatech
qu TM1634 mefamndlumsssnuuumsnassslneldmseenuuy Orthogonal Array melamuisnan
3 fuds Fousnevlufme Ausoiuan Mszasisresiidaiuny wazmANSTluMIAnTuy
Tevhmsndunufsianum 5 mm Wldawn 50 x 50 mm wud fudsirilimmslinszuslni
MTEARD AWLTIFLN 5 bar adATa9AZuL 30 mm HA1un5adni 200 mm/s Tins:usliihlumsen
16.87 A FwtsiilimaAnunenuAIignfe AusoAuil 45 bar FIAAMIGNATLIUL 40 mm
nnu5aRnd 250 mm/s AMANUNEIURIR 5.22 pm

HAMTAATIEFARAS ANOM Tnaidenldnsdimiiontion (Smaller-the-Better) masrnszualnivh
TnemA SN IFWsofuan 5 bar MIAAMNEWNYN 30 mm MANmSIAAT 200 mm/s TMmiosiian
uazA1 SN BAIAATNREIUAT WUNIAUIOAUR 4.5 bar IAAYNNATUIY 40 mm lHAnmSIAnT
250 mm/s fmtosiign otinazosdnsnaeILARzAILUTINIAMAUNUT ASEzi0BasRIRRA
fiansnamnnfigademnszudliin uazmussduaniansnamnfianfomANuREIUA7
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ammsemivanzauigansdiniesdod (Smaller-the-Better) a3uladn lumsiawmdn
SS400 MBLAIDIAANAIELN B0 Thermatech §u TM1634 TnsldAusofiuay 5 bar Aszeziiones
en 35 mm ANuFIlumMIan 150 mm/s aldnszualvino 20.98 A TudiusesmanuneIuid
funzauigadanay 976 um Taglimuseiu 5 bar MazezozooiIfn 40 mm ANSTlumsnn
250 mm/s

TumsAnmasaiRosgUlFhmsiamanmiionnsn SS400 MenasAAwaE BWe Thermatech
Ju TM1634 s:uziavasiiAntunuiinanemnazualiin uazAussAuauinanoiIANNREIUA7
JeswsahldiduwwimslumsesnuuuuazUsuisenssurumsanlanzurululssnugaainnssu
doazdwanamlinelumundonulnih uazrruaumanameuaila

ARAnIsuszmMA

HIduaTauAnl  1ATINITHAILIANENMNDI915IAIUITTINTUAsNTITUNOLI gAML INIT IS
WINGRENTAGUATUIN NEuEuLIY uecueTauAn d1TIgnsMnIINAall AMINEIMEnS
uazmalulad aIneReNTAgUATgN NInANBRATITRAIBIlBLARI N TuMIIIdeTuAsol
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MuideiiinguszasdiioAnmnanesianUgnaemsaipiAvlauaznananaesfunziitlundn
MOLLNUNINARBILUY Completely Randomized Design (CRD) anuau 9 E'iﬂ‘l/lﬂaaﬂ UM 4 %1 ﬁﬂﬁ
1) Ausmdunse:yala dn9aim 1:22 2) AUTINUUNIR:ReunIyala dnsaiu 1:1:2 3) AuTIu
vunae:unauAv:yaln dns1am 1:1:2 4) AUTIUUUNTIUNRUAL: oUW :YalA BnaIIu 1:1:1:2
5) Ausaudunie:yagns 9n98IU 1:1 6) AUIIMUUNIIL:YININIIVLYRENT dA31EIU 1:1:1
7) AUTIUUUNTIBUNRUALYAENT OnI1EU 1:1:1 8) AUTIUUUNTIBUNRUAL:YUNINTILYNENS
s 1:1:1:1 9) Ausulunieguuznidoyalaunaviviogns 16-16-16 dnsdm 1:2:1:1:0.25
NRaMIANINUT Gomasesd 2 Imsesadvlasesazilungn Mupnugs ANNATIMIIN
Fwily AnunTeuazanuenvadly nafigafe 10.13 WuAmAS 21.17 WURIAT 6.67 [WUAWLAT
14.00 0 uaz 8.83 wufwns MudAY ualinananfmulmingAfusmeIn 33.84 A3u wazhutingn
31.85 N3 wnfiga Aoy JanUaniifdiunanresAusulunsegenznigala ludnssiu 1:1:2
firnumnzanfiumsdgnaziluvdnainniian
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Abstract

The objective of this research was to study the effects of growing media on the growth and yield
of curly kale. The experiment was designed using a Completely Randomized Design (CRD)
with 9 treatments and 4 replications as follows: 1) Sandy loam soil: cow manure at a ratio of
1:2, 2) Sandy loam soil: coconut coir: cow manure at a ratio of 1:1:2, 3) Sandy loam soil: raw
rice husk: cow manure at a ratio of 1:1:2, 4) Sandy loam soil: raw rice husk: coconut coir:
cow manure at a ratio of 1:1:1:2, 5) Sandy loam soil: pig manure at a ratio of 1:1, 6) Sandy
loam soil: coconut coir: pig manure at a ratio of 1:1:1, 7) Sandy loam soil: raw rice husk: pig
manure at a ratio of 1:1:1, 8) Sandy loam soil: raw rice husk: coconut coir: pig manure at a
ratio of 1:1:1:1, 9) Sandy loam soil: coconut coir: cow manure: raw rice husk: 16-16-16
fertilizer at a ratio of 1:2:1:1:0.25. The results demonstrated that Treatment 2 yielded the
highest growth of curly kale, as indicated by plant height, canopy width, number of leaves,
and leaf width and length, measuring 10.13 cm, 21.17 cm, 6.67 leaves, 14.00 cm, and 8.83 cm,
respectively. Additionally, it produced the highest fresh weight of the entire plant with roots at
33.84 grams, along with a root weight of 31.85 grams. Therefore, the growing media comprising
a mixture of sandy loam soil, coconut coir, and cow manure in a ratio of 1:1:2 was determined
to be the most suitable for cultivating curly kale.

Keywords: Substrate Media; Curl Leaf Kale; Coconut Coir; Cow Manure
UM

fnan (Kale) wiarnazinlunin iufigns:gaifsaiudndmonusenlad uaznennzma AulneEuidn
Tude pztiluvin fdnwaeddenin snvnzvevluavindes monnazhmlemodulddn Geaihm
yewnsUszanin  viesuduie  TiamAdmiul2  wazuwssmmmesiiniduys:loaidensaaua
aunansme Tunszusden wWaNaonszanuaziy doduifionetonnlumolsnd uazgnomuam
\us13fiuiodn@iBeamoaa (Queen of Greens) lAsumssansuiniiu Super Food v3aawnsidnmams
Tnunmsgouazvaanaty Woifeuiudnsannau q luSmaivniu [1] ecebluntinezugnlinaen
mnfithetofemeus:iaufigauauysal Az lundnaansavgaldnsluudasgauazlunszas
maasuivlauaznananosnziluninauogiudedenmels:ms  wdsamwindeslumsugniis
msenliianUgniinaetannremsiesuiulauaznananvesaznlungnimalgnlunsza Mty
firflunszonn Mnfmgndiaseuaegemzmelunszaoiniy JaaUgnihulfesianugansy sl
fiomens Asufuuaafisone fianmsiude wazdnhldd [2] Aniudanugninhailifensiiands
Tumssamanudy emadewlda 3] uazismemsliuiimnseatmaeiadivls Tnedanugn
AiAMAMALRZINZEY A AUMILLLTIN (Bulk Density) wisaneliaulimseiiegls Aasim
ANUIULIUTINSZNM 15 - 1.6 niudognuAfeufmas Tenyzsiuge hosneh demeimd
uwazuANutulad fanadlunsadntios Usznm pH 6.5 -7.0 uﬂsmmmaam UnAnna sy 1n
wiay wazdndafi dudaaimlaneluiesiu wassmgn i nReuthesaon danunmu
mqmﬂﬂmuamnuaaﬂiumm 4 ey ummﬂmmuaLLazvl,mnmgm [2], [4]
myieiRsniuAnmrssesiagugndemasuiuTnesn:iilunin e iaagnimnzay
wazfidszinsamamsumatgnlunszmanieluiuiisiin
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AFMIANIUNTIVE

1. MIWUNUMITNAREY  IUNUNIINARBIULUY  Completely Randomized Design (CRD)
$1mIu 9 FonAmes 1 8z 4 91 9az 5 0 Wud 1) Ausudunaieyala srsidiu 12 Taeusmng
2) AuTmUunIe:geNznyala anndin 1:1:2 Taedsuins 3) Ausdunae:unsuAu:yale
andIn 1:12 Tnediuing 4) AuTmUunaeunauAugeu:nsyala onsdu 1:1:12 Iaedsuns
5 Auulunneyagns onau 1:1 lnedsinng 6) AuTIuUun e eun1yagns ansam 1:1:1
ned3nns 7) Ausudunaeunauavgagns andu 11 leedSnng 8) Ausiulunie:unaviu:
POUNI1LYRTNT ang1dn 1:1:1:1 TaedSuns 9) Ansmdunsiegeuznideyala:unavfu:
Jogns 16-16-16 dn9au 1:2:1:1:0.25 laed3ung

2. MIUNUAMIAUAIAE

1. mawend  diaqmzneauaaneiliindueaihldnsuam:  18l0Eunaoman
pasiaAzuazimanazitlungn (Curly Kale) aolunqunszusmiznguas 1 WAALAINAUAIY
Famwzng 4 ihnszuzmnzndluiisy smitliy Jua: 2 A% dh - By wasezhlunEnazsenndsan
neRAAR 3 -5 u Wedlony 15 Ju Fevhmstedgaadlunszans

2. tumeumstegn wanARnAMTEAUgnTwIeNlImuusumMIAREs Wuthngomzt
1 i winsenianugnlidngs smiliy 18lianzgasonaegamzenavhiunauzesmamznan
ihelgndiadunaiiionasy 15 Ju aavsonlauliuiuweuszna heiiedgnuslunonaouds
5202910 40 X 40 wufmns Wihiuas: 2 ase 1 - iu

3. mytuindoya

1. thifindeyamsaiaivln ANUGIRREZDIM (DUAWAT) AMNNTINSONN (DUAWAT)
Swaludesu (ludesm) Anuniouazanuemissedly (@ufuns)

2. tufinfioys thuinaamusmen (WSudedu) dmdnaarem (nSuremy) Tuiufvde
WANARA

4. MPIATINTOYN

ifayailAN AT IMANNUUTUTIUNIGAR  Analysis of Variance (ANOVA) msuay
manAmouLaUSBUTsUANULANMIS I RsLAR: maaaolnglilE  Least Significant Difference
(LSD) fiszAuaAsdesu 95 %

NARNSIVLLRZNITOANUI 1IN

1. mumaasadula Anugesesaziluntnlugiseny 7 - 28 u wasinevgn nnugoais
Btz 6.58 - 10.13 wwuAmas (M3 1) Tnefonaaoai 2 Ausiudunnogauniiyala
azinlunBndnnugoadsinniign Ae 10.13 wufwas ldupnsadudomaaesi 3 4 5 uaz 9
wAkANFREafITEAMINARA (p<0.01) AummARoaf 7 8 6 ua: 1 defimAnugaadniu 9.75
9.54 8.33 URZ 6.58 LYUAAT ANRIAY

AMunNonsavNzesAzilungn lutiseny 7 - 28 Tundvinega fnnuaemasviuede
BE3:1310 10.25 - 21.17 weufuns (Ma1ef 2) Taedonaaosi 2 Ausiuduniegeuzniiiyaln
pzlunBndanunemsenumasnniian fe 21.17 wufwes lbuanmoiudmaaesi 3 4 5 6
uaz 7 wAuanAsaEaiissAmeaaa (p<0.01) Aufonanasd 9 8 uaz 1 Fedimanugoaiedy
12.00 10.75 waz 10.25 LUAMAT MATIAY
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Juulugesazinlungn luisery 7 - 28 Junduenedgn lailanuuanmemesda (p>0.05)
N9wmluwleegszniig 10.25 - 14.00 Tu (mM9199 3)

MmN 1 Anugezasauazthlunanndgnluisadaniunndisny

: 218 (W)
NRUNARDY

’ 7 14 21 28
AuTINUNIIL:yalA 3.88 4.21¢ 5.5¢ 6.58°
AUTIUVUNTIB: BN YA LA 5.130 7.09% 8.54*  10.13
AuTINUNIIB:LNaUAL:YALA 4.96° 5.42¢ 7.08¢ 8.75%
AUTIMUUNII:UNRUAL: YNNI 1A LA 4.460 5.0 7.04%  8.75®
AUTIUVUNIIL:YRENT 6.47% 7.25¢ 7.75¢ 8.67:
AUTIUVUNI Y YUNNI1LYRENT 5.79° 6.31¢ 8.25¢ 8.83¢
AUTIMUUNTIB:UNNUAD:YRFNS 4.96" 5.67¢ 6.75¢% 9.75¢
AUTIUVUNII:UNNUAL: YUNZNI1LLRENT 4.17° 5.33¢ 6.76¢ 9.54¢
AuTINUNIIB: BN Ya lAunauAL:dand 3.920 4.21% 6.54" 7.75%
F-test 3% ok S+t B
CV (%) 31.99 8.91 5.82 5.79

NN ns VLmJmmu,mﬂmanuamauuﬂmﬂmmaﬂﬂmm ﬂ‘ummmauu 95 % (p>0.05)
= fianuuanmoiuegeiies Agmesdnnssauanudeiu 99 % (p<0.01)
Aasfimavdeasnssmieuiuluuuinsldiinnuuenmeiumesds Wew3eudia
Amaelneds LSD hiszAuanudesu 95 %

MIWN 2 ANUNINIINNAzINlunBnnUgnluianlgniunnaanuy

: 218 ()
NRUNARDY

) 7 14 21 28
AuTINUNIE:YalA 5.92: 7.67%® 9.90° 10.25¢
AUTIUVUNTIB:DBNNI YA LA 815  12.00%  19.75* 2117
AuTIUVUNIIL:UNAUAL:YALA 6.67 8.92%  14.59®  16.17%
AUTINUUNTI:UNNUAD: YOI NI 11YALA 8.25%  10.17*  12.50%  13.84%¢
AUTINVUNIIL:YRENT 9.50 12.42% 1517 16.42%¢
AUTIUVUNI IO YUNNI1IYRENT 10.50? 14.34 16.76®  19.42®
ANTUUUNIBUNNVAL:YAENT 6.90 8.92: 1250 13.58%
AUTIUVUNTI:UNNUAL: DUNZNI1LYRENT 5.00° 6.67° 9.58° 10.75¢
AuTINUNIIB:gENNI:Ya lAunauAD:Jund 6.090  8.25® 10.75°  12.00%
Fotost - - - -
CV (%) 28.91 28.24 23.81 2221

NN ns lufinuuanmoiuegeiiasdymesannssAuANuEesiu 95 % (p>0.05)
= fianuuanmoiueteinesAgmesannssauanudeiu 99 % (p<0.01)
Aaafimauimeasnesmieuduluwwasldiinnuuanasiunesds  Wew3euiioy
Amaelngds LSD hiszAuanudesu 95 %
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mywn 3 dulusesaunzinlundnnugnluisnugniunnmeiu

: 218 ()
NRUNARDY

) 7 14 21 28
AuTINUNIIL:yalA 4.83 6.25 9.40 10.50
AUTINVUNTIB: BN YA LA 7.59 8.50 13.08 14.00
AuTINUNIIB:LNaUAL:YALA 6.17 7.75 10.92 12.33
AUTIVUUNII:UNRUAL: YNNI 1A LA 6.25 6.92 8.00 10.25
AUTIUVUNIIL:YRENT 6.92 8.83 10.58 12.33
AUTINUUNTI:YENNIILYATNT 7.50 7.75 9.25 10.92
AUTIUVUNII:UNAVAL:YRENT 6.33 7.08 8.92 10.84
AUTIUVUNIIUNNUAD:YUNZNI1LNRENT 5.92 6.17 11.34 11.75
AUTINUUNTIB: BN NS 0a lA: uNA DAL oLAdl 6.50 8.00 12.08 13.67
F-test ns ns ns ns
CV (%) 26.81 28.14 27.44 26.29

1
aaa

NNEWIA:  ns LUAANNUANMNUREINNEEAMIEIANIZAUANNTRNU 95 % (p>0.05)

Aanunluazthluntnludgivery 7 - 21 Junasthedgn Ludianuunnmoiumesan (p>0.05)
widlenzilundneny 28 Jundsiedgnwud danuusndisiuetuitsdAmosdn (p<0.01)
Tnefionasesd 2 Ausiudunnegouniygala Wanuaholuwiemaiign Ao 6.67 wufmng
TupmsAFomasesd 8 AusiuluneunauAvgouzniigagns Wanuaholuedsiesiignis
3.50 LUALAT (3107 4)

mywn 4 anunnluasihlundnnugnluisnUgniuanmonu

: 218 ()
NRUNARDY

’ 7 14 21 28
AuTINUNIIL:yalA 2.17 2.54 2.96 3.750
AUTIUVUNTIB:ZBNNI YA LA 2.42 4.38 4.92 6.67*
AuTINUNIIB:LNaUAL:YALA 2.50 3.36 4.63 5.17¢
AUTIMUUNII:UNRUAL: YNNI 1A LA 2.74 3.88 4.20 5.09®
AUTIUVUNIIL:YRENT 3.00 4.50 4.09 5.09%
AUTINUUNTI:YENNIILYAFNT 3.08 5.17 4.88 5.75%
AUTIUVUNII:UNAUAL:YRENT 2.17 3.08 3.75 4.75%
AUTIUVUNIIUNNUAD: YUNZNI1LNRENT 217 2.54 3.29 3.50°
AuTINVUNIIB:gENNIYa lAunauAD:Jatnd 2.00 2.63 2.88 3.75°
F-test ns ns ns woH
CV (%) 19.01 32.39 26.21 21.40

NN ns lufinuuanmoineguiiasdymesannssAuANuEesu 95 % (p>0.05)
= fianuuanmoiuegeines Agmesannssauanudeiu 99 % (p<0.01)
Aaafimauimeasnesnieuduluwwnsldiinnuuanasiunesdsn  Wew3eudiioy
Amaelngds LSD fiszAuanuidesu 95 %
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ANuelupzlundnlugisery 7 - 28 Junasinedgn dAnuuansiuetodtedAn
mesdf (p<0.01) Tneidlonzinluniney 28 Tundsinetgn wuhdmasasd 2 Ausiuunae:
gunzniaela Wanverlumienniign Ao 8.83 wufuns Tusasimanesd 8 AusIuune:
wnavAugenyasns Wanueluwietesiignfe 4.29 wuAmns (M3 5)

MmN 5 ANueluazhlungnnugnluisngniunnaonuy

: 218 ()
NANVNARDY

) 7 14 21 28
AuTINUNIIL:yalA 1.90 2.46° 3.96° 5.000
AUTIUVUNIIB:gENNI YA LA 2.13 3.67% 7.76¢ 8.83
AuTINUNIIB:UNaUAL:YALA 2.08 3.21% 4.84% 6.34¢b
AUTIUUNTI:UNNVAD: YNNI 11:YALA 2.59 3.96% 5.29% 625
AUTIUUNIB: TN 2.92 4.38% 5.58®  6.59%
AUTIUVUNI IO YUNNI1LYRENT 292 5.33¢ 7.00% 8.00*
AUTWUUNIB:UNNVAL:YAENT 1.92 3.17% 4.71* 5.92:¢
AUTIUVUNII:UNNUAD: DUNZNI1LNRENT 1.75 2.63° 4.34b 4.29°
AUTINUUNTIB: BN NS 0a LA uNa DAL oLAdl 1.92 2.88:® 3.71° 4.42¢
F-test ns o ok o
CV (%) 25.78 30.32 26.75 21.88

NN ns VLJJJJF]’N&JLL[?‘IﬂG‘nﬂﬂuﬂﬂ’hmutlﬂ1ﬂﬂl1/lmﬂﬂﬂ°ﬂi ﬂummmauu 95 % (p>0.05)
> JJmmLmﬂmaﬂuamouuamﬂmmﬂﬂﬂmm FuAnudesiu 99 % (p<0.01)
AaasRmiumemenssmiourulunuinsliinnuunameiumesan e souiioy

AM@RAslAgds LSD NIzAuANuidenu 95 %

PARNAMINARBIMIAMUNISTUALIATRAz I lunEn  nuNAMIETuAUIALANAISAY
(M3 12 4 uaz 5) Taowud1 fonasesd 2 JaaUgnAusutunnegeusniyala dowalinzi
lundnfimswiuAviaafan  osnnazsilundaldsumsemsiiieomennyala duduianon
ilanndninvilaafinduemamdndeisnadausninmiveunslulasiou (C:N ratio) aia
Aotiuyaladofimstesamadiuazaes 9 Uanusessmemslifizilldvs:Temilfnaensze:
mswsaivln silifeimsgedumsomslieduiivsiniam  sumafisenndninsszuei
uazemAR 21, [5] snilanendislimumeiiiuiou siuge dnilimssaesonhanniuantiosas
ﬂummimmuuma smesldnndy dnanuamnsalumsduivesiu ilmhiduls:Ton
mawmwumﬂﬂu uwazmsindunssingasluAudoilisidosholufu 5 UM InsueueN ALy
FoAtu wasilWsuunnuesisamnsauwinszelufulfogen o [6] dotennsesiuHamsnAE
a0 [7] wuhmsdgnaziiluianugniiddiunanzedlulindn munznindu wnavw waszlonen
sliinzihimsiesadulauaslinandmnniign wufoiunamsnasesses [8] iAnswazosianUgn
fmnzanremaaiaivlauazdnemmmsnaninauwiiluiuidoingianun Jaatan naenza;
guuzniyay onndiu 111 Anawiudimsesadulamuanugesiiu suulva anwenlna
Suududelna Suusurene wazisanlugeiian
2. uwaran maiuiearnazlunin (deeny 28 Tundsinelgn) doiminaadusman
wuhfanuwAnmoiueaiiedfneadn (p<0.01) (MR 6) TasFomasesi 2 AusIudunae:
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gunzniala fhminaasusmsnniegeign e 33.83 asu lusasiRmasesii 8 AusIulunTe:
wnaUALEN N IYaans  SumdnaaruNnmasdesiian Ae 6.19 nsu dawhmingu
wuhdmmanesil 2 Ausuvunnegenniaela bmindadedunisgefian fe 31.58 n3u
Tupnuziifonaaosdl 8 AusIutuNTILuAAUALENNSNRENT SumindarerumAntioefian
fo 515 asu lesnnmslatedunidnldacluluAuansadisusougelaseasiovesaulifi
dreinanusnsalumguihoesin  dundeingluAnuaSmnunnemsluiy  lededunsd
gndessals snemsfigmaiiuiezgnlantseseenmegisin q weiduds:Tenineds vl
aAmsgauiusnensswinanmszzing wennitedunidasedluduliuuilifisaansonald
s sldetoiis:Ansmwanndu [9] seansesiunuidenes [10] Anenuisiauazdnies
Jedunsdromasyiivla wandn  unznanBULNUMOsEETIgNSluMsHaRAzwY T maldyala
uazleninufonnGeuiienn 45 fu/ls dunlinlinandmihmingneesnzigeiign uonanil
dolinanauunumoAssgiagnslumandnazigofian senasesiunuideses [7] o
mawipivlasesdnazihiiivgnluisndgniifidunausaslulimdanuuni gy wnaumua:
{lupen MiwanemaaswAvTauaznandn laud anuge sy anuaheluihminanmuua:
ihninfuwissesinazhgenimstgnluianUgnaiindy  wennnidfisenuses (111 5w
mslineunirnanmuiznin dnnsdm 11 duisaan Tnademasuiulavesmsudinnign
Tnevlanugonsorin Swoulvaems AWETIN WURNANENIIAEN LLa”ﬁﬂuiu%ﬂﬁLﬁﬂlﬁaﬂﬁﬁﬂﬂ
iosanTaugnuazilsrondilifusiuge dovildmasmerenhaniuantiosns  AusansapAduLh
uaz ﬁmmm'ﬂﬂmﬂﬂu inANuEnsalumsguiheesAu ilihiduds: Tesdrefifiunniuuas
mafinduniedng  acluAudoinliidestsludn  srvumsnyudsuemeluAudedduua:
wlissuusneesity sunsaunnszeluiuld (6] Ardsiimswsarulalanaeiu

MI0N 6 minAuTINgIN ihninauvesazinlundniUgnluianlgniunnmenuy

T INEAAUTINGIA tinaAnu

: (n3) (n5w)
AuTINUNIIL:YaLA 10.39° 9.28°
AUTIUVUNI B GBNNI YRR 33.84° 31.58°
AuTIUNIB:UNaUAD:YalA 18.64° 16.87°
AUTIUVUNII:UNNUAD: BBNZNI YA LA 12.13° 10.63°
AUTIUUNIB: NGNS 10.40° 8.64°
AUTIUUN B DBNZNI1D:UAGNT 13.71° 12.23
AUTIUVUNIIUNAVAL:YRENT 8.12° 12.97°
AUTIUVUNIIY:UNNUAL:YUNNI1LNRENT 6.19° 5.15
AuTINUUNIIB:gEN NI :Ya lAunauAy:Jutnd 8.15b 6.33°
F-test o o
CV (%) 40.80 47.71

NABLAR: 1S 1JJ3Jmmu,mﬂmoﬂuamuuuumﬂmmaaﬂﬂm ﬂ‘ummmauu 95 % (p>0.05)
o ummmﬂmnﬂuamauuamﬂmmaﬂamm FUANULTRNL 99 % (p<0.01)
AaasnmaumemeasTnieuruluwunsluiinnuuanamedumesan  WewSeuieu

AM@aslAeIs LSD NIzAuANNDaNU 95 %
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wanmsAnmaEnsaasUlana Jandganmun: ﬁMﬁiﬂﬂ1SLﬁ]§§ULﬁUIﬂﬂﬂﬂ§l’uﬂ ilundnunign Ao
AN INUUNIIL:gouz ‘wsn ala ansrdu 1 1:2 Luaamﬂummm AUNTINTINN 91uly
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Paste from High Calcium Fly Ash Containing Basalt
Fiber Powder from Waste Insulation

21Au Annuspa’ Twgsd wings’ ame wAs' Tulga taTonss’ ude axn:’ ua:
U3 umilsnssg”’
Adam Saptamongkol' Phaithun Nasaeng? Ampol Wongsa! Wunchock Kroehong?

Vanchai Sata'* and Prinya Chindaprasirt"*

Received: July 9, 2024, Revised: August 27, 2024, Accepted: August 27, 2024

UNANLD

sAdeilladnmaniisesileInfwesmadnnidassuraidangeiunuiideonodulovzgeanan
isauIuiuANNSaulusnsSosa: 0 10 20 30 wa: 40 Tasthmin @snszAuufaselionsidn
Tawnendamnanelareulansonlomaudu 10 Tua1s (Sodium Silicate/ Sodium Hydroxide, NS/NH)
Wi 1.0 unzdnssumsssaeredaang (Liquid, Binder, L/B) Wil 0.6 Unfothoiwasiigamniitng
Anwimansznuseinalunsudedd Maon Maan uezlAIIEsIINIIIRNIA WaNIINANBUNY I
drunaniloTnawasmaanomuniisnndiulaeluanes Si0,/ALO, 0g3:nig 3.79 - 449 $:8zIa1
msnefmBasmaRuILMNMIANUT UM s dnndulouzgoan Meililosanmaanaipes Calcium
Silicate Hydrate (C-S-H) waz Calcium (Alumino) Silicate Hydrate (C~(A)-S-H) lugiunsaniaudn
vasduwsni linodulovsgeaniana: 20 (BP20) limdsdageanlaedddasndu 32.0 53.6 ua:
68.0 wWAztEMATIIYMINATDY 7 28 uaz 90 Tu mudAy daummdsdnsiaindueoditedAy
mudFmamainnndulouzgead uenmntumsunuiiassmonosulouzreadludnasiuliiu
Soun: 20 teiliiiipwanesiloInawe SnaAiimsaonanlninniy fowaliilasosoimuuiugu
Fodefupnuudousso e

manAg :  Wulouzgean; Mavan; Mauan; 1ATIET199811A; ALIUAUAINTOU

ASIAINT IUFTANT UNTINGTRYDOUUAY

AUZIAINTTUATEAT UNIINEIFENIAA: TUBBMNALINTD

A IFINTIUMEATURzAMInenTsumans unanetaemalulagsiguonan:iuean IngusngnuaIte
MAFTA TYVNAREFNT FUIFOUT DAAFA NTUNWUNIUAT
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Abstract

In this study, the properties of geopolymer paste from high calcium fly ash replaced by basalt
fiber powder from insulation waste at the rates of 0, 10, 20, 30, and 40 wt% were evaluated.
The activator with sodium silicate to sodium hydroxide (10 Molar) ratio (NS/NH) at 1.0 and
the liquid to binder (L/B) ratio at 0.6 were used. The curing of the paste sample was conducted
at room temperature. The setting time, compressive strength, flexural strength, and microstructure
were tested. The results showed that all the geopolymer paste mixtures had Si0,/Al,0; molar
ratios between 3.79 and 4.49. The setting time of the paste was prolonged with increasing basalt
fiber powder content. This is due to the reduction of calcium silicate hydrate (C-S-H) and
calcium (alumino) silicate hydrate (C-(A)-S-H) in the mixture. The compressive strength of 20 %
basalt fiber powder paste (BP20) gave the highest compressive strength with the compressive
strength of 32.0, 53.6, and 68.0 MPa at the test ages of 7, 28, and 90 days, respectively.
The flexural strength increased significantly with the increase in the amount of basalt fiber
powder. In addition, replacing fly ash with basalt fiber powder at a ratio not exceeding 20 %
helps the gel of geopolymer paste to form more new crystals, resulting in a denser structure that
increases the paste's strength.

Keywords: Basalt Fiber; Compressive Strength; Flexural Strength; Microstructure; Insulation
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Abstract

This study aims to analyze the impact of the 8+8+8 time allocation model (8 hours each for
work, sleep, and life) on work efficiency and quality of life through a cross-country comparative
study. The research employs both quantitative and qualitative methods, including mathematical
modelingand it is proven through mathematical processes. The findings indicate that the 8+8+8
time allocation model positively correlates with work efficiency and quality of life in many
countries. However, cultural and economic differences affect the model's implementation.
This study presents recommendations for adapting the model to suit each country's context,
aiming to enhance work efficiency and improve the population's quality of life.

Keywords:  8+8+8 Time Allocation Model; Work Efficiency; Quality of Life; Cross-Country Comparative
Study
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7. dgatiamuaunalimdnmssesanausiiu (Equality) iNeugnod

[W1=1S|= |L|= (1/3) |T]

8. limguianuihenduieinnzimsnsaeoesiailugn L

9. wHuisriuddn 1y WeudasanuduiussenaililuurasianssunaHaans
Al (i YszEmsamm anugn)

10. ldunapasiemaniivanzauiign (Optimization) sesilofiu /1) melfdeulsfidmun

AoENNATIL 1. mmuanDesaluniieu T= 1 0 <t <24}, Tae ¢ Aeswaudalus

RosuNAgIL 2. wioen T hagnden 3 wa W (Work), S (Sleep), L (Life) Wngi WU SUL=T

Unfigaido 3. 1519:UEM0 WNS=WNL=SNL=¢ (@ni) tieudasiluine
fhdouiu

el w, S uas L uwongesres T Toununaniney nawey waznalidinmusfv
13191835 msfgatuuue19BudedAues (Proof by Contradiction) smsuuAaznsl

ASein 1: NGAIN WNS= ¢ GUNAN WNS# ¢
Sumneanud Sootionilomindn x fegndlu W uaz S Aot x € W uaz x e S watkiululild
w312 x avseaiunsnariouaznawenlunaisiudsiaudeiuiiewoes W uas S 0 lad
gundnsaui fosiu JesuuAdululils wer NS = ¢

Asdin 2: WGINN WNL= ¢ SUNAN WNL# ¢
e Seghstiooniosundn v ﬁag'lﬁv'ﬂu Wous: L o y e W ouas y e L usiilulils
w1z y azseadunsnainnusaznalifislunsieriy Gednudeiviiomzes W ua: L fiuen
nndusoiy Jesuuddululdld uar WL+ ¢

n3ein 3: NG SNL = ¢ SUUAN SNL# ¢
dunmneAnun Hetovdeeniosndn z fiedndlu S uaz L fodu z € S ua: z e L uatiululadla
w1 2 avdeailuninaueuuanaliFisluna ety dednudeiuiouses S uar L fugnaini
soviu dosuuAdululdld uar SN L= ¢

Fonuagulad wldfigaiuiah wNS=wNL=SNL= ¢ Gougaohlifinafididoudu
FERIININUY NIRIUOU URzINLTTIA

nnewn*  Mafgatieguuingureswuusnesiitmuali W, S ua: L dhugaiiuenainiu
atotian Tuanuiuede endinsdiinanssudewiuiuld Wy mehouithueededumonavho
unza lddinla
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unfigauidie 4. asfigan W)= |S|= L= 8 Tnelindnmsvesieidunilareniloua:nafa
(Bijection) SeWMUUARITAAUIIADDITIUIWAN {1, 2, ..., 8}

Amunliin 4 = 11,2, .. 8} iazadeisAsunilsnenilounzmnsan 4 s w7, S uas L
UOANUERITULEA I (IRI191U)

mnuaNentu /4w lng

) = vawnouilui 1
f2) = e luen 2
78 = vawhewiilued 8

relufigarid /£ iudsidunilarenilouaznaga

£ 1ilu Injective (one-to-one): a1 x %y W& fix) £ f(y) mzuaszialugiolaidiiu
f vu Surjective (onto): NA w € W Haed ‘ﬁ‘ﬁﬂﬁ fla) =w

Aoty £1ilu Bijective tiooan £ iy Bijection a9 4 W w 3olda [w] = 14 = 8

§MIuEn S (Nauen) 1ezmuuaNuntu g:4— S lae

o(l) = vmueniiluei 1
2(2) = naueutiluem 2
g®) = vmmeudaluoi 8

nalUaiigeild ¢ nWsadunilonentdsuazmislalunussfednu £ Aoy [S| = 4] = 8

fFmsun L alddin) mvuaiontu h: 4 — L lpe

hl) = el dFndaluei 1
h2) = vnnlgdintlush 2
w§ = viliFnialued 8

figaui 4 dudsiduniloreniouazmafoldluiuendieddy £ uas ¢ Ao L] = 4] = 8

gy langaiuad (W) =S| = |L| = 4| = 8 Tnamsssoilnduniloneniioua:maesmig
wARsAnNUEn 4 = {1,2, ..., 8}

wewet  mMafigaiguusNAgIUIwRzRansTy Ghou ueu 155n) Moamed 8 tlus
Tuanuduads erefinnudangusnnndil

unfigatidie 5. limdnmsuinvesaiauansi [7] =24= 8 + 8 + 8= || + |S| + |L| 13
nndedeumid (W) = |S| = L] = 8 nnnqudian 15hinan 4, B ua: C dWugaiivenainiu
(Disjoint Sets) u&39z1igns31 |4 U B U C| = |4] + |B| + |C| Wunsdifl 7= w U S U L uazislifigast
Wi w, S uay L dugafivenaniufioiu 24 = (7] = WU SUL| = |W] +|S| + |L| =8+ 8 + 8
FosenaresAuiienasuduin 7 Aeramoualuniieiu (24 F2lug)

UNAFIUDD 6. smuEa L ssnsauvseeadu L=FU Fr UHU Ho U Ha U P# ¢ lagan
F, Fr, H, Ho, Ha, P \Whansesnlusiumsuenainiulaeduds (@alduideununula) mwuals
L Wwgnvesimlddin uas F, Fr, H, Ho, Ha, P \IR@ntaaiunuatdInsuaAIaunsl ol §aaIm

ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)




RMUTI Journal Vol. 17, No. 3 (September - December 2024)

» 257716 [ANK-

RMUTI Journal

UOALIN ATINED LAZMIWAILIAIEIMNEAULIABINGINN L S (F U Fr U HU Ho U Ha U P)
waz (FUFrUHUHoUHaUP)C L

(S) Wi x e L muilenn x fovedlusthotioanilogntes Aoiu x e (FU FrU HU Ho U Ha U P)
(2) W y e (FUFrUHUHo U Ha U P) unganudn y agiluathaﬁawﬁmﬂmiaamuﬁﬂm
nnntosiugiunilores L fonu y e L

159189UlAN L=FU FrUH U Ho U Ha U P

MIIAZRN5Tounvlni I = (F, Fr, H, Ho, Ha, P} W@z

|L‘ = ‘U{XGI} X‘ = z {XQI,X¢¢}(_ 1)A(‘X|_l)|m X‘

LA
1. |L| Ao s Innsnualulgn L
2. Upen X Ao MITIMENTANINNANINGR [

3. ) ixerxeg AB  mMITIuHaTMINTAdesninune [ Aldldenig

4. (-1 (x1-1) Ao doanwaaliieUsuiyaauianieavlunisAiulaniy
Sugngesililumsteuiy
N x| Ao swusndniidumssuiusengndesnomunly X
gumstiudasiamAzes L uniuwasamsesawiasesnnmsaniuidullfzesantges Tnonmdiae
1 w30 -1 MusugaRaniu

Hesnangesoadeununu inldansamuuamudusulinuuaazgngesln wasEnse
a3UlA |L| < |F| + |Fr|+ |H| + |Ho| + |Ha| + |P| msigauilugaslimunlunaildanudanguua:
fansaesvieaNnududeusesmsidnaludinedolan Tneseulninmsdounuoesianssumie 9

UNIGaNde 7. 9:NgINANNNNARAIHL || = [S| = |L| = 1/3 |T| MIIATIZRIMIIUN
T=wWUuUSulL u,iﬂw w,S, L LUuLﬂmeLaﬂﬁlwﬂﬂumﬂmﬂmimﬂ‘ﬂamm |T| = |W] + |S] + |L] mi
Nnde 5. neunhin (W] = |S| = |L| = 8 wnumluaums [T]= 8 + 8 + 8 = 24 foviu W] = |S| = |L|

=8=24/3=|T1/3=1/3|T]

uniigetide 8. linguianuiieaiuiiednszinsnszaneesailugn L dnuald
L = {F, Fr, H, Ho, Ha, P} 1% P(X) Lﬂummﬁm:Lﬂuﬁwm‘mfjawﬂaw:qﬂ’li’ﬂuﬁﬁmﬁu X iilesan
AanTIuadounul (I ldnguosanuiazdusiumungeun 1.1
P(L) =P(FUFrUHUHoUHaUP)
—YPX)-ZPXNY)+XPXNYNZ) - ..+ (-1)V P(F N Fr N HN Ho N Ha N P)
Toeit X, v, Z dusn@nwes L uaz n = |L| = 6 swiuuanzionssn X lu L P = |X] /|L|
ANNUsdurosMIgeuny PXNY)=|XNY]/|L|

UNAWFIUDD 9. MAUANOATY f(1) = a,t; + ast, + ast; + at, + asts + agls
e 1, 1, 15, 1, 15, 1, WU F, Fr, H Ho, Ha, P mMusiiu

a, a, as, a, ds, ds Lﬂumﬁuﬂizﬁwéﬁu,ﬂﬂaﬁaﬁmﬁﬂw’%ammdwﬁmﬂaau,ﬁia:ﬁﬂﬂiiu
wouly
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9.1 Yt =|L|=8 (Fwnamsnunnosniy 8 1alu)

9.2) 1 >0 dmiunn i (Nareslifnay)

mafigaiide 10.  ldunapdmiiemaniimmzaniian (Optimization) sosflediu /)
mMamaAimsnzaNian
10.1) 1975 Lagrange Multipliers
Lit, to, ts, ty, ts, o, 2) =f() - Mty + o+ ts + 1, + b5+ 15- 8)
10.2) meunustosuzAslAmAY 0
OL/ot = a;- A = 0 §WMIUNA i
OLIOA =t +t,+t;+t,+t;+t,-8=0
10.3) UM a;- 2= 0 mlﬂ a; =2 swsuwn i
10.4) fnmeanudn w ﬁ]ﬂV]L‘VijJ’I E\HJ‘VIE\W] wals:Togiiduiy (Marginal Benefit) 294
NNNINITUAIILNAY
10.5) ufiszuuaNMIAOMAT £, Aanzaniign
nnewn*  luanaduede endidesimdiudn Wy nadumdmiuAezianssn Goaziili
Jymdudeusuuazeraredldismamammmn:aniigALUUdY 19U Linear Programming

nsalAnvILUSaUNaUTIUTINA

mal Fuaznasnsludsanamg q fod
1. §3Au
- whaufimananedlifuinom 6 #ludlunseshns Tnenuihmedisaunaiinnsyio
(Work-Life Balance) uazu3:@n5nnn139o1y
2. WiaAm
- WinAsfingmnedmuatilueioulicin 35 Hlusdeduan dedosdumslinaiu
ATOUATILATMINNNDY
3. wayuil
- wesniiAnadeishnumnimaedsandluglsy wiidssAnsmwlumsinu
annFuuilg
4. iu
- guudezitedessoomsvinunin uadaiuianuneenlumstsuaunadin
U uAmLa "Premium Friday" flminmudnnusiluiugnigamenesiou
5. Tuaun
- duauanaaedlddumiineu 4 Wluususen muaunminua:anugpreslss Ty
6. LULBDTUAUA
- sesuauAddna UM IUMIINIndge uasdoasnANuaangulunMIigY
7. NN
- wumnsadid e wikdnnmgs wienugawazamumIinsesy sz
8. ANIIYDINAINT ANIFALNINT URLOOALAILRY
- esmdsamAimasssunslumaheuu:Findiudeisnnmne Tnslduufnua:
nagnsg 1 WeanAnuAioaLainUszANEMwlum oy
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pAUTENRNNMISANBIIEMINONUALANMSAY 1TU ATA Pomodoro, A9 52/17, sUm
w4 3, MINuuBangy (Flextime), uaznsmouszeslng (Remote Work) wu1mnisms
faaruuazdeimm:im uwimsling "s+8+8" hmanlumsdamsimusndliiunaansanlunsas
SNARTNINULR: TInduM lunaiwlssmA 919 an91PeIdns, anigeIInI, uaeNLAILAY

~ wAfiA Pomodoro unzng 52/17 dreiuuszimsmwmavnemiluszazduunzananumilosin
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- Ao 4 U uRzmeneuuLBangy (Flextime) ToimnainHeuLazAminngu
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- mahouszeslng (Remote Work) #28anAnaA3sAINMatAuMILazinANEANEY
WA I IMIIANTIARMNNG "8+8+8" e WiAnaunaluiin
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- ANUEYUMIIBUATNIINARDY: FUDEYUNITIRUACNANDITUNINIINITIANIS
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SINIOINWIENANITAIINUURTIA 1TU MITAnanIINBaNmMaIMaLazITATaUMIINMIANNATIA
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NRANSLATAININE

- dunadInnennu: AulnerarsAugsnsnudymlunITamaNAaITnIegINNINeIY
wa=FAnaud esenialueinnuiie 1 IuuLar MITURI0a

- dszansawlumsinou: mseudunsulusuiudesmsdsiansanda viili
Uszmealnedofiiunsmsumsusudslumuil

- ANNFDUARTAMMNTIN: naeAuIRARIonnmManuasinaleslunsliiingiun,

I IUs Ul 9w

1. antalugmsiey Sunasosaniilusmsrey Wy iumpadaiio 4 Junde
Fuhou 6 i lusliluvsesdnaiedndsdnsamuazanugelunsiou
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Tumsaamsnauazaauiiney
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Abstract

Date fruit (Phoenix dactylifera L.), known for its sweetness and nutrition, has been used to develop
a low-alcohol wine suitable for health-conscious individuals who enjoy socializing. Current study
aimed to select an appropriate yeast strain and to determine optimal conditions such as initial total
soluble solids and pH for producing a healthy and appealing date fruit wine. Among seven strains of
Saccharomyces cerevisiae examined (71B, BM4x4, ICV-D47, EC-1118, K1-V1116, QA23, RC212),
strain K1-V1116 was found to produce a wine with lower pH and alcohol content, higher acidity,
total phenolic content, and ferric reducing ability power. Date fruit wine made with strain K1-V1116
also received the highest scores for flavor and overall liking. Further experiments were conducted
using date fruit juice with three levels of different initial total soluble solids (5 %, 10 %, and 15 %).
The results indicated that 15 % initial total soluble solids produced wine with superior characteristics in
terms of total soluble solids, pH, acidity, alcohol content, reducing sugar content, total phenolic content,
ABTS radical cation decolorization, ferric reducing ability power compared to lower concentrations.
Date fruit wine produced with 15 % initial total soluble solids also received the highest scores for
color and overall liking. Additionally, the date fruit juice with 15 % initial total soluble solids was
used to produce wine at three levels of pH value (4.0, 4.5, 5.0) and wines produced at pH 4.5 were
rated the highest for flavor and overall liking. In conclusion, using S. cerevisiae K1-V1116 to ferment

date fruit juice with 15 % initial total solids at pH 4.5 can yield a well-liked, low-alcohol wine.
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Introduction

The date fruit (Phoenix dactylifera L.) originates from Central Asia and thrives in hot and arid climates.
The date fruit comprises sugars, predominantly glucose and fructose, as well as proteins, fats, vitamins,
and minerals. Dietary fibers and beta-carotene additionally contribute to the nutritional value of date
fruits [1]. However, the lower value of individual fruits, ranging from 100 to 300 Baht per kg, often leads
to the transformation into processed foods. Wine can be a rational choice for processing to increase its
economic value due to a high sugar content of date fruit, which is conducive to the growth and alcoholic
fermentation of wine yeast. In addition, bioactive compounds from date fruit could be integrated into
wine products, reflecting the growing trend of functional beverages.

Previous study investigating bioethanol production from date palm fruit wastes indicated that
the most favorable fermentation conditions involved the hydrolyzed date fruit with initial levels of
reducing sugar ranging from 94 to 124 g/L. This process, utilizing 30 % inoculum of Pichia kudriavzevii,
demonstrated optimal results at a temperature of 30 °C and pH levels between 5 and 6, resulting in
ethanol yields of 4 - 6 % after a 96-hour period [2]. Another research outlined the conditions for
converting date syrup into ethanol. They utilized flocculent Saccharomyces uvarum, fermenting 55 g/L
sugar at a temperature of 29 °C [3]. Additionally, Saccharomyces cerevisiae was employed as 25 %
inoculum to generate bioethanol from a solution derived from date palm waste. This solution contained
38 % glucose, fructose, and sucrose, and fermentation was carried out at pH 4 and 30 °C for 72 hours,
resulting in a 15 % ethanol yield [4]. In another experiment, submerged ethanol fermentation was
conducted using 4 % inoculum of S. cerevisiae with date waste syrup containing 180 g/L sugar.
The syrup consisted of 13 % glucose, 10 % fructose, 32 % sucrose, and 1 g/l ammonium phosphate.
After a 72-hour production period at 30 °C, this process yielded 136 g/L ethanol [5].

Low-alcohol wine is more appealing for health-conscious individuals who maintain an active
social lifestyle. The composition of dates includes a notable concentration of phenolic compounds,
known for their antimicrobial, antioxidant, anticancer, and antidiabetic properties [6] - [10]. However,
there have been few studies on wine making from date fruit. Hence, the objective of this research was
to select the suitable yeast strain, along with determining the optimal level of initial total soluble solids
and pH value in date fruit juice to attain desirable wine characteristics. All the parameters studied had
a significant impact on the organoleptic quality of wine. For instance, different commercial yeast strains
produce varying levels of glycerol, acetaldehyde, sulfur dioxide, and volatile acids [11]. Additionally,
the initial total soluble solids influence the alcohol content while the acidic pH enhances yeast growth
and metabolism. Furthermore, the alcohol produced during fermentation may potentially facilitate
the extraction of bioactive substances from date fruits, thereby enhancing the nutritional value of

the wine product.
Materials and Methods

Raw Materials, Chemical Reagents, and Microorganisms
Dried date fruit cultivar Saidi was received from Thanarak Interfoods (Thailand). Citric acid,
diammonium phosphate, potassium metabisulfite, sodium hydroxide, 3,5-dinitrosalicyclic acid (DNS),

potassium sodium tartrate, glucose, Folin-Ciocalteu solution, sodium bicarbonate, gallic acid,
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2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), potassium persulfate, 95 % ethanol,
6-hydroxy-2,5,7,8-tetramethychroman-2-carboxylic acid (trolox), sodium acetate, acetic acid,
hydrochloric acid, 2,4,6-tripyridyl-s-triazine (TPTZ), ferric chloride, ferrous sulfate, were received
from Kemaus (Australia). Seven strains of Saccharomyces cerevisiae, including 71B, BM4x4,
ICV-D47, EC-1118, K1-V1116, QA23, and RC212, were obtained from Lallemand Inc. (Canada).

Selection of Suitable Yeast Strain

Date fruit must was prepared by blending 750 g of dried date fruit in 1 L of RO drinking water
to constitute 15 % total soluble solids (TSS). The must was boiled for 5 min before filtered through
muslin cloth. Then, pH value was adjusted to 4.5 using citric acid. Citric acid content was determined
by titration. Next, 0.2 g of diammonium phosphate and potassium metabisulfite were added. After
24 h of incubation at 25 °C, 0.2 g of lyophilized yeast was incorporated to date fruit must and fermentation
was controlled at 25 °C. Samples were removed twice a week for analysis of total soluble solids,
pH value, and citric acid content. When total soluble solids were stable, date fruit wine was separated
from sediments by centrifugation at 3000 xg for 5 min and 0.2 g of potassium metabisulfite was added.
After that, clarified wine was aged at 4 °C for a week. Then, alcohol content, reducing sugar content,
total phenolic content, ABTS radical cation scavenging activity, and ferric reducing ability power
were determined. Suitable yeast strain would produce date fruit wine with moderate levels of acid,
alcohol, and reducing sugar, while also exhibiting high antioxidant activities and sensory scores.

Determination of Appropriate Initial Total Soluble Solids

Briefly, date fruit must was prepared by blending 250, 500, or 750 g of dried date fruitin 1 L
of RO water to constitute 5 %, 10 %, or 15 % total soluble solids and the suitable yeast strain was
incorporated to date fruit must. Appropriate initial total soluble solids would result in date fruit wine
with moderate levels of acid, alcohol, and reducing sugar, while also showing high antioxidant activities
and sensory scores.

Selection of Optimal pH Value

Briefly, date fruit must was prepared by blending appropriate amount of dried date fruitin 1 L
of RO water. Then, pH value was adjusted to 4.0, 4.5, or 5.0 using citric acid and the suitable yeast
strain was incorporated to date fruit must. Optimal pH value would produce date fruit wine with
moderate levels of acid, alcohol, and reducing sugar, while also exhibiting high antioxidant activities
and sensory scores.

Analysis of Physical Quality

Total Soluble Solids

Total soluble solids of date fruit wine were determined by hand refractometer (N-1E, Atago,
Japan) and reported as percentage.

pH value

pH value of date fruit wine was determined by pH meter (FEP20, Mettler-Toledo, Switzerland).

Citric Acid Content

5 mL of date fruit wine was diluted in 95 mL of distilled water before titrated with 0.1 M NaOH
until an end point at pH 8.2. After that, citric acid content was calculated by multiplying 0.12 with
a volume of 0.1 M NaOH used and reported as percentage [12].

Alcohol Content

Alcohol content of date fruit wine was determined by Ebulliometer (Dujardin-Salleron, France)

and reported as percentage.
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Analysis of Chemical Quality

Reducing Sugar Content

0.5 mL of diluted sample was mixed with 0.5 mL of 0.1 % DNS and boiled for 10 min before
dipped into ice water. Then, 5 mL of distilled water was added before OD measurement at 520 nm using
distilled water as a blank [13]. Reducing sugar content was determined from a standard curve of
glucose and reported as g/L.

Total Phenolic Content

0.25 mL of date fruit wine was mixed with 4.75 mL of 5 % Folin-Ciocalteu solution and left
for 5 min. Then, 0.25 mL of 10 % sodium bicarbonate was added and left for 10 min. After that, OD was
measured at 730 nm using distilled water as a blank [14]. Total phenolic content was determined from
a standard curve of gallic acid and reported as gallic acid equivalent (GE; mM).

ABTS Radical Cation Scavenging Activity

ABTS radical cation scavenging activity was used to evaluate the hydrogen donating potential
of date fruit wine. Briefly, ABTS radical cation was prepared by mixing 7 mM ABTS with 4.9 mM
potassium persulfate at a ratio of 1:1 before stored in the dark for 16 h. Next, ABTS radical cation
was diluted with 95 % ethanol at a ratio of 1:55 and OD was measured at 734 nm (OD1) using 95 %
ethanol as a blank. Then, 0.02 mL of diluted sample was mixed with 2 mL of diluted ABTS radical
cation and left at room temperature for 1 min before OD measurement at 734 nm (OD2). After that,
% inhibition was calculated by (OD1 - OD2) / OD1 x 100 [15]. ABTS radical cation scavenging
activity was determined from a standard curve of trolox and reported as trolox equivalent (TE; mM).

Ferric Reducing Antioxidant Power

Ferric reducing antioxidant power was used to evaluate the electron donating potential of date
fruit wine. Briefly, FRAP solution was prepared by mixing 300 mM acetate buffer pH 3.6 with 10 mM
TPTZ and 20 mM ferric chloride at a ratio of 10:1:1. Then, 0.1 mL of diluted sample was mixed with
3 mL of FRAP solution and 0.3 mL of distilled water before left at room temperature for 4 min.
After that, OD was measured at 593 nm using FRAP solution as a blank [16]. Ferric reducing
antioxidant power was determined from a standard curve of ferrous sulfate and reported as ferrous
sulfate equivalent (FE; mM).

Analysis of Sensory Quality

Sensory properties, which were color, odor, flavor, and overall liking, of date fruit wine were
evaluated by 50 untrained panelists, aged 20 - 50 years, using nine-point hedonic scale.

Statistical Analysis

All experiments were conducted using a randomized complete block design (RCBD) with three
replications, and the results were presented as means + standard error (SE). Alcohol content,
reducing sugar content, total phenolic content, ABTS radical cation scavenging activity and ferric
reducing antioxidant power were tested for statistical difference at 95 % confidence by Analysis of
Variance in General Linear Model (GLM) followed by Duncan multiple range test (SPSS Statistics 17.0).

Results

Suitable Yeast Strain for Production of Date Fruit Wine
During the fermentation of date fruit juice, seven yeast strains were observed to reduce the total

soluble solids (Figure 1(a)). Specifically, strains 71B and BM4x4 took nine days to stabilize the total
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soluble solids, while strains ICV-D47 and QA23 required 10 days. The fermentation process for strains
EC-1118, K1-V1116, and RC212 was completed after 11 days.

Similarly, pH values decreased during the first seven days of fermentation (Figure 1(b)),
corresponding to the rise in acid content (Figure 1(c)). Afterward, pH values remained stable while
acid contents declined and then rebounded after eight days. Ultimately, date fruit wine fermented
by seven strains exhibited pH values between 3.8 and 4.0 and acid contents between 0.2 % and 0.4 %.
Furthermore, strain 71B produced a statistically higher alcohol content compared to the other six strains,

resulting in date fruit wine with approximately 7 % alcohol content (Figure 1(d)).
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Figure 1 Physical properties of date fruit wine produced by different yeast strains.

Strains BM4x4 and QA23 exhibited higher reducing sugar content compared to the other five
strains, resulting in the development of date fruit wine with approximately 2.5 g/L reducing sugar
content (Figure 2(a)). Additionally, strain BM4x4 produced date fruit wine with the highest total
phenolic content, whereas the other six strains displayed a total phenolic content of 2.7 mM GE
(Figure 2(b)).

However, no statistical difference was found in the date fruit wine in terms of ABTS radical
cation scavenging activity, which was approximately 1.7 mM TE (Figure 2(c)). In contrast, strains QA23
and 71B exhibited the highest and lowest ferric reducing antioxidant power, respectively (Figure 2(d)).

The other five strains produced date fruit wine with a ferric reducing antioxidant power of 3.0 mM FE.
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Figure 2 Chemical properties of date fruit wine produced by different yeast strains.
All seven yeast strains produced date fruit wine with non-significant variation in color, odor,
and overall liking scores, all averaging approximately 3.3 out of 5.0 (Table 1). However, strain EC-1118

resulted in the lowest flavor liking score.

Table 1 Sensory properties of date fruit wine produced by different yeast strains.

Yeast strain Color* Odor* Flavor** Overall*
71B 3.22+0.98 3.30+1.11 3.25+0.93? 3.224+0.87
BM 3.38+1.01 3.50+1.10 3.33+0.90° 3.37+0.84
D47 3.23+0.93 3.28+0.99 3.30+£1.03® 3.27+1.02
EC 3.22+0.99 3.2840.94 2.88+0.98" 3.27+0.90
K1 3.22+1.15 3.37+1.07 3.42+0.98° 3.53+1.08
QA 3.17+1.01 3.35+1.04 3.2340.83? 3.37+0.90
RC 3.20+1.10 3.15+1.02 3.15+0.99% 3.38+0.98

* There was no statistical difference.

** Different letters indicated statistical differences within the same column.

Strain K1-V1116 produced date fruit wine with a low pH value of 3.8 and a relatively modest
alcohol content of 7 %. Additionally, it exhibited relatively high levels of acid, reducing sugar, total
phenolic, and ferric reducing ability power, at 0.3 %, 2.6 g/L, 2.8 mM GE, and 3.1 mM FE, respectively.

Therefore, this strain was selected for further studies in the fermentation of date fruit wine.
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Appropriate Initial Total Soluble Solids for Production of Date Fruit Wine

Similar to the first study, the total soluble solids of the date fruit wine continuously decreased.
Date fruit must with initial total soluble solids of 15 % required longer fermentation time (Figure 3(a)).
The final products prepared from 5 %, 10 %, and 15 % initial total soluble solids demonstrated total
soluble solids of 2.0 %, 3.8 %, and 5.4 %, respectively. During the fermentation of date fruit must,
there was a gradual decrease in pH values, corresponding to the initial total soluble solids (Figure 3(b)).
Meanwhile, the acid contents remained relatively stable throughout the study period (Figure 3(c)).
For date fruit wine made from initial total soluble solids of 5 %, 10 %, and 15 %, the pH values measured
were 3.6, 3.8, and 3.9, respectively. In parallel, the acid contents were recorded as 0.2 %, 0.3 %, and
0.4 %, respectively.

Conversely, alcohol contents showed a significant increase corresponding to the initial total
soluble solids (Figure 3(d)). Date fruit wine produced from initial total soluble solids of 5 %, 10 %, and
15 % exhibited alcohol contents of 2.2 %, 4.5 %, and 7.0 %, respectively.
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Figure 3 Physical properties of date fruit wine produced from different initial total soluble solids.

The levels of reducing sugar, total phenolic, ABTS radical cation scavenging activity, and ferric
reducing ability power in date fruit wine exhibited a significant increase corresponding to the initial
total soluble solids. Final products derived from initial total soluble solids of 5 %, 10 %, and 15 %
contained reducing sugar levels of 1.0, 1.9, and 2.9 g/L, respectively (Figure 4(a)), along with total
phenolic contents of 0.9, 1.7, and 2.4 mM GE, respectively (Figure 4(b)).

In terms of antioxidant properties, date fruit wine crafted from initial total soluble solids of 5 %,
10 %, and 15 % demonstrated ABTS radical cation scavenging activities of 0.3, 0.5, and 0.8 mM TE,
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respectively (Figure 4(c)). Additionally, the ferric reducing ability power was measured at 1.1, 2.1,

and 3.1 mM FE, respectively, for the corresponding wine samples (Figure 4(d)).
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Figure 4 Chemical properties of date fruit wine produced from different initial total soluble solids.

Date fruit wine produced from initial total soluble solids of 5 %, 10 %, and 15 % exhibited
a notable variance in color liking scores, aligning with the corresponding initial total soluble solids
(Table 2). However, there was no statistical difference observed in terms of odor, flavor, and overall
liking scores, which ranged between 2.7 and 3.2 out of 5.0 (Table 2).

Table 2 Sensory properties of date fruit wine produced from different initial total soluble solids.

Initial TSS Color* Odor* Flavor* Overall*
5% 2.55+1.14 2.73+1.13 2.95+0.93 3.17+0.99
10 % 3.27+0.76 2.83+0.99 3.00+0.88 2.95+0.95
15 % 3.75+0.95 2.98+1.21 3.08+1.28 3.12+1.37

* There was no statistical difference.

Given that the date fruit must prepared from 15 % initial total soluble solids depicted the highest
levels across various parameters including total soluble solids, pH value, acid content, reducing sugar,
total phenolic compounds, ABTS radical cation scavenging activity, ferric reducing ability power,
and color liking score, the subsequent study will focus on this concentration of 15 % initial total

soluble solids.
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Optimal pH value for Production of Date Fruit Wine

Consistent with previous studies, the total soluble solids and pH values of date fruit wine
fermented at different pH levels showed a continuous decrease over time. In the final products,
there was no significant variation with 5.0 % total soluble solids observed at all three conditions
(Figure 5(a)). However, it's noteworthy that date fruit wine produced at pH 4.0 demonstrated a
statistically lower pH value compared to the other two conditions (Figure 5(b)).

The acid contents in date fruit wine developed at different pH values remained relatively stable
throughout the fermentation process, although the product at pH 5.0 displayed a statistically lower
acid content (Figure 5(c)). Upon examination of alcohol contents in date fruit wine fermented at
different pH values, there was a statistical decrease observed in alcohol contents corresponding to
pH values, with pH 5.0 demonstrating the lowest alcohol content (Figure 5(d)).
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Figure 5 Physical properties of date fruit wine produced at different pH values.

When date fruit wine was fermented at different pH values, the levels of reducing sugar, total
phenolic, and ABTS radical cation scavenging activity did not exhibit statistical significance,
measuring at 3.4 g/L, 2.6 mM GE, and 0.9 mM TE, respectively (Figure 6(a) - (¢)). However, it's worth
noting that date fruit wine prepared at pH 5.0 displayed the statistically highest ferric reducing ability
power, measuring at 4.1 mM FE (Figure 6(d)).
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Figure 6 Chemical properties of date fruit wine produced at different pH values.
The sensory evaluation of date fruit wine fermented at different pH values revealed
non-statistically different scores across various parameters. Scores for color, odor, flavor, and overall

liking ranged between 3.1 and 3.5 out of 5.0 (Table 3).

Table 3 Sensory properties of date fruit wine produced at different pH values.

pH value Color* Odor* Flavor* Overall*
4.0 3.35+0.84 3.33+£1.04 3.37£1.10 3.18+1.19
4.5 3.27+0.97 3.28+1.08 3.35+1.02 3.23+1.17
5.0 3.47+0.87 3.32+1.27 3.13+1.07 3.15+1.12

* There was no statistical difference.
Discussion

The decrease in total soluble solids observed during the fermentation process of date fruit wine could
be attributed to the metabolic activities of yeast. Yeast metabolized sugars to produce energy, alcohols,
and various other compounds such as organic acids and volatile compounds, while also generating
heat and carbon dioxide [17] - [18]. As fermentation progressed, the pH value typically decreased
due to the accumulation of organic acids. Date fruit wine originating from higher initial total soluble

solids tended to exhibit elevated levels of acidity and alcohol compared to those from lower initial
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concentrations. The initial sharp decline in pH values at the onset of fermentation was thought to be
a result of carbon dioxide release, which formed carbonic acid upon dissolution [19]. Additionally,
organic acids like citric acid, glutamic acid, succinic acid, fumaric acid, malic acid, and oxaloacetic
acid, generated during yeast acrobic respiration, contributed to this pH reduction [20]. The yeast strain
ICV-D47, known for its high beta-glucosidase activity, facilitated the hydrolysis of polysaccharides
into sugars. These sugars were then converted into organic acids, ultimately resulting in date fruit wine
with a lower pH value [11].

Definition of low-alcohol wines varies by country. For example, the United States considers
wines with less than 8.5 % alcohol by volume to be low-alcohol, while the United Kingdom defines
low-alcohol wines as those with less than 1.2 % alcohol by volume. [21]. Therefore, the date fruit wines
produced in this study are not classified as low-alcohol products in some regions of the world.
Moreover, red wines contained 1.0 - 4.2 g/L reducing sugars and 0.28 - 0.56 % total acids, resulting in
a pH range of 3.0 - 4.1 [22]. In contrast, white wine had 0.1 - 0.4 g/L reducing sugars and 0.40 - 0.73 %
total acids, leading to a pH range of 3.0 - 3.5 [23]. Although reducing sugars contribute to the sweetness
of wine, they also promote the growth of undesirable microorganisms. In contrast, organic acids inhibit
the microbial growth but result in the sourness of wine. Therefore, moderate levels of reducing sugars
and total acids were preferred in this study.

Heat treatment at 100 °C during the preparation of date fruit must potentially led to a lower
content of phenolic compounds compared to fresh date fruit juice, which typically ranged from 442 to
653 mM GE [24]. This suggested that phenolic compounds in date fruit were sensitive to heat or might
become bound to other substances during wine fermentation [25]. However, it's noteworthy that date
fruit wine contained phenolic compounds at levels comparable to herbal mead, even after undergoing
heat treatment at 100 °C for 90 minutes [26]. Furthermore, different yeast strains exhibited varying
abilities to form polyphenol-binding polysaccharides. For instance, strain BM4x4 stabilized phenolic
compounds during growth but released them significantly after cell death, whereas strain RC212 showed
a lower release of phenolic compounds post-death [11].

Ferric reducing ability power assessed the electron transfer capability of antioxidants like
vitamin C, flavonoids, carotenoids, and phenolic acids to a ferric complex, which was then converted
into a ferrous complex, resulting in a blue color [27]. Date fruit wine typically exhibited a lower level
of ferric reducing ability power compared to fresh date fruit juice, which typically ranged from 77 to
83 mM FE [24], indicating the sensitivity of bioactive compounds in date fruit to heat. Variations in
yeast metabolism also contributed to differences in levels of ferric reducing ability power. For instance,
ability of strain 71B to oxidize isoamyl alcohol and acetic acid into isoamyl acetate could lead to
decreased levels of reducing agents and consequently, lower FRAP levels in date fruit wine.
Yeast-mediated melatonin synthesis also enhanced ferric reducing ability power, as melatonin served
as a potent reducing agent compared to other compounds like vitamin C, vitamin E, glutathione, NADH,
and NADPH [28]. Consequently, the antioxidant activity measured by DPPH and ABTS radical
scavenging assays correlated with the melatonin content [29]. Additionally, yeast cells contained various
antioxidants such as proteins, vitamin E, and carotenoids [30].

The date fruit wine fermented by strain K1-V1116, which received the highest flavor and overall
liking scores, likely benefited from the formation of floral esters such as isoamyl acetate, hexyl acetate,

and phenylethyl acetate [11]. Wines produced from a substantial amount of date fruit pulp, resulting in
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high initial total soluble solids, exhibited elevated levels of reducing sugar, total phenolics, ABTS
radical cation scavenging activity, and ferric reducing ability power. Date fruit pulp contained various
bioactive compounds including polyphenols (ferulic acid, p-coumaric acid, gallic acid, proanthocyanidin),
flavonoids (quercetin, rutin, apigenin), carotenoids (isoflavone, beta-carotene, lycopene, lignan), sterols,
and tannins [9], [31]. The significant presence of date fruit pulp likely contributed to the dark color of
wine, which was associated with consumer perceptions of a highly concentrated product, consequently
leading to an excellent color liking score.

Fermentation at a low pH value yielded date fruit wine with reduced pH levels and ferric reducing
ability power. This might be attributed to a higher concentration of protons in the wine, which could
potentially bind to electrons from a ferrous complex. Conversely, fermenting wine at a low pH value
encouraged yeast growth, leading to elevated levels of acidity and alcohol [32]. Although this research
did not assess the microbiological quality of the wine product, no microbial growth was observed

during storage at room temperature for a year (data not shown).
Conclusion

The optimal conditions for producing low-alcohol date fruit wine were determined to be the utilization
of S. cerevisiae strain K1-V1116 to ferment the date fruit must prepared with 15 % initial total soluble
solids at pH 4.5. The final product demonstrated moderate levels of pH, acid, and alcohol content,

while also receiving the highest scores for flavor and overall liking.
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