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Snsdrumeshfuimansewidu 1 : 1 dethlaidafildumaaeunissensumsUssamduiawuy
9-point hedonic scale lududnuuzUsng Lioduia savd ndusa wezauveulneau lagliEmnaey
FlalsrunisAndusiuau 100 A ‘W'U’hQ’U%T,ﬂﬂiﬁmiaau%'uiaLﬁi’mwaugﬂmﬂvﬁauqmﬁ 1 (YFuau
Qﬂmﬂﬁiam%’aaaz 10) way qmﬁ 2 (U'%mmqﬂmm%am%aaaz 15) laupnaneiu (p>0.05) Tnediazuuu
mnuveulnesfisziumuveuUIunans egndlsAnugns 2 TuTunandulevienu (0.68 %) uazwdanu
Wavan (111.18 Kcal/1009) gandt uenaniledsanaugnarnidosannsafoinuldumm 5 dUans

gauuil 4 parmiwalded
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AdAey: anan leiidn leiAsngnainiey

ABSTRACT

The objective of this research was to determine the ratio between water and granulated
sugar on preparing of Nypa fruiticans in syrup and the quality of yogurt with different additional
content of Nypa fruiticans in syrup at 10, 15 and 20 % w/w of yogurt, respectively. The optimum
ratio of water and granulated sugar was 1:1. The sensory test of yogurt was conducted with 100
untrained panelists using a 9-point hedonic scale, appearance, texture, taste, flavor and overall

liking. The result showed that the overall liking score of yogurt was not significantly different among
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formula 1 (10% w/w of Nypa fruiticans in syrup) and formula 2 (15% w/w of Nypa fruiticans in
syrups) (p>0.05), which had a moderate liking. However, the formula 2 had higher fiber content
(0.68%) and total energy (111.18 Kcal/100g). Moreover, the development of yogurt containing
Nypa fruiticans in syrup could extend for 5 weeks during storage at 4 °C

Keywords: Nypa fruiticans, Yogurt, Yogurt with Nypa fruitcans in syrup

unin

anan (Nypa fruiticans Wurmp. %3e Nipa Palm) iufigasznaundu Ugnunlusauie@ess Jusen-
WResld Tulsewauniads dulailides Roauiy WauTud (Amroongrugsa & Purintavaragul, 2006) @15y
UszimalvesimstnzUgnmnisiuuinasuilinassvesthmeiau uaumeilmeia Wausaingos Inalane
i‘]’mi’mawsﬂﬁms ﬁumﬂ%aaﬂgmﬁamqﬂszmm 4 - 5 U (Katesakul & Thanomchat, 2013; Suthinoon,
2011) Tasunuyndruestuanannsntanlivslendld diduegiuanusiiuasgitya vesay
Tufiuil anandanuddasienisisaiinvesauluguyy ansathuUseneuemsiniemsnILay
QWS WU 1L 1duen dndes viaeldunade Qﬂmﬂﬁ‘iau NARSeilaan UL
gnann flewignann sasudssiug diqdunididelfiusuilsai wedudomaduniiFou

(Niranathmateekul, 2010; Janyatham & Sikka, 2012; Kunpakdee et al., 2012; Prasongchan et al., 2013;

=

Supakin, 2019) "YNQﬂ‘\]’lﬂLLﬁﬁU%M’]mLﬁuiﬂﬁdﬂﬁmwuﬂﬂﬂ’j’@ﬂﬁ]’]ﬂE]'a'u LLaSQﬂ‘\]’lﬂLLﬁﬁU%M’]mLﬁuIEJEﬂWﬁﬁ’Q%MW
wnnimBou fga wrhe uzazne dulraa wasg savgnInuAfvTinaleesTiarmethuay
iavaneihgeniignangeu Tnsgnananiivsunuisings Tnsamslnunaidou (Sum et al, 2013)
Tenisofundnfasiumdonils TasorfoninvesdeqdunissminnguuuaiiGeuanin wu
L%E] Lactobacillus delbrukeii sub sp. bulgaricus LLazL‘?ﬁy@ Streptococus thermophilus loiAsndndu
onsiteguamelianisianmnsauslaafunnmaynde waziiussleviddeduslan Wuuvdwesmsluleiasm
Tshu Loty el upaden wasweanesa Higluszuunisgesenms ssuutuane PreUivaunavesald
(Jarlyawaranukul, 2009) uanainiinslulefind (probiotic) Wunduuesqauv3sidin lasnguidiouunaiiGe
uamfn (lactic acid bacteria) Wy Lactobacillus acidophilus W Bifidobacterium spp. sinwulusiusngdn
wiu ToiAdn weuds dnaesuneiln wavemnsquawididule wu dnualifan waswdnsnyiviilidnd fedd
FrnunnneszneliiAnUssloviunguam Tualudrunisinuresmaiuemsiiaund Wy nain
Tsrgaaszsrsuastelitszuugifuiuiia TnetheusuliAnanuaunavesteqdunisneludld mnusu
Tofings asfunzde seinwenisvedsaniuividudn dlnyraniilulgeengds egslsfinm
nansasnsluleAndasinuusinaeadelnslulofnegiation 107 cfu/ml (EW et al, 2006; Ferdousi
et al, 2013; Nopchinda, 2014; Pinthong et al, 2019) Inglaiisniiveluriomaniinszuiunsuan
fusnsnafunaviesiu msudslofdmannsowsmunszuiumsnandu 2 sz Ae ToiAsaviiansd
(set yogurt) uagluiisnuilnau (stirred yogurt) s‘ﬁqﬁﬂﬁsmumsﬂ%’mmmw (standardization) n1swataalsd

faaungl 90 earwalea i 10 - 30 w1l leludluduasyiliidu 45 - 47 esrmwaided Wndeqdun3d

wagyhlidusgnindinaamall 4 - 7 ssmwadea wazn13ussy nswiinli3una acetaldehyde,
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diacetyl, nsauanfin (lactic acid) wazansusynaunsndunssdudinasenausavadleiisn (Ramirez-Sucre
& Veélez-Ruiz, 2013)

Hagtuleismiuitouudlnaegaunivans ddoiidnsanisng 9 fnsnemusieanain Taedl
miLﬁ%maiﬁL%auﬁaLwidﬂ?i'uia (Celik et al., 2006; Rojas-Castro et al., 2007; Gad, 2010; Ramirez-Sucre
& Vélez-Ruiz, 2013; Srisuvor et al, 2013) uenanisinsiauleisafitiusunalusiusmse sty
(Harte et al., 2003; Yaowapaksophon et al., 2016) LLﬁBLﬁ%@Jﬂmﬂlﬁmﬂﬂ%mmi (Daengprok & Warasawas,
2008; Anawachkul & Jiamyangyuenn, 2009; Jariyawara-nukul, 2009; Ranadheera et al., 2012; Chaikham,
2015; Petina, et al,, 2015; Unhasirikul, 2018; Wang et al,, 2019; Abdel-Hamid et al., 2020) mﬁ”a
nsimwaAnseladindmiviaelsnend davuiqaunisidulnslulefnsmsiade Lactobacillus
rhamnosus GR-1 fxasieszuuduyurewUlslsaendl (Hemsworth et al., 2011)

aigldfinenunslivsslonianngnindendudunalundnsusilonin duu ey
mMsdaeunsaiisyarifinvesgnainansngruminensistegluiesiu viegityyrvatluguvy
visiulnglamzdudninunsliinissdn nsuUssy uagmsussyiiuvie iudeiviliAansinunsegiedsdu
Nnimspaiana fideTsaulafiezAnwnmsndngnainden Sadugfitiyaviesiuvesyusuthuruasmsin
Fandaaunsunns wasUnunsiisgnanidesivanzaslusdndasilonin Wedumadenlfudduilaa

maseaunsiRwduaSududuiiodiulssdgusuazadeselalinyus

ad
/M3
1. msfinynswangnainion

IngnsdunwalindnNeliun1snangnaNwen anyusutIUYLaNNSY SnensEaynIafs

[ @

Jarinaynsusinig Teyanilaannisdunival nsdndoningfiu drunas uaznssUIsNITNER wud awne

o v

itayaluinismeasineuiildsioly erinisiauignsnisuanwazniseeusundndueiloiisanay

annFesioll Fanswengnatnvesyusuiin1sliNItmans e IkasiInanTIewas LarUsinnting

Muaneineiu vilvignannieuiiladanwasiunneneiy

D

2. mswanleiRsanaugnainidey
TaefAnwinsidugnainyiuadimunzanyeanisnanloiisn Fansudnleidsnusznause
uuanmaneslsd uuns thimanse uarloiisnsassauni Sovay 80.64, 4.84, 3.23 uay 11.29 vastmiin
Wanun awdsu Tnodauuamisisves Boonkong (2011) tusuannalaashsd uung wagthnanse
wlvinnudoudlgamnd 70 esmiwadea i 15 wit danslilvigaumglianaavde 45 ssmwadea aniu
RadeliAsnsasssua wazannUIIISesas 10, 15 uay 20 goatinlenAdn muddu naslidnty
wazussluienanain Uniigamgiivies iuna 10 $alue viieawiniAdn waglde pH winfu 4.2 2slé
ToiAsavilansi (set yogurt) Tinsizinuninuazergnsifiuinuiigaumail 4 ssrnwadoa uw 5 dUai
3. MywssiguamHanFuleRsanaugnaNTeu
3.1 AaunmUszamduda Taglinsvaaeunisdszamdudaiuy 9-points hedonic scale

(1 = liwouuniign, 9 = Youwniign) Mmudnuaslsing \Weduda savid ndusa uazAuveulnesy
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Taglduslanmludnau 100 au Mresuusenuleisn (o193eming 15 - 25 ) wiadumavdsievas 80
waznAggsagaz 20 lneduslnaiingnaindevar 76 uazimeulsemundndasianngnainiosay 62
3.2 Meauadl laun a1 pH nsuensvenin (9 Syneresis) UTununsaLansn ALY
1 Usinadusiu Tustu @ulevenu anslulawnsn ndanuionn USinashniadmg Sesieiusinany
38115 (AOAC 2000) Usinamwesudeiiazaneldviomun (°Brix) suamjﬂL%awiaul,l,awﬁﬂﬁauqﬂmn
SaAn1suendavasiin
ihladdefiudfunadioindaiminuaswlunseildnszaienses (Whatman No. 1)
yuaduihuguinat 15 wuiuns) ssiaftensnihnddldandeloisn unan 1 $alus rndudaimin

WIN1e warA11IU %Syneresis

Jrtintnvenasnainialewise x 100

%Syneresis = > .
Uminlensanly
3.3 NN9AIUNIBATN
Saand WileiRsatamd L* a* uar b* Tneldia3esind Lovibond RT100 Reflectance
Tintometer §oeg13ay 5 91
Fadrauniia dilefRdafiunidu tuwendiuvendogniniBeusonanlefisanan
Qﬂmm:?j'am%mm 500 faddns laludninesauin 600 faddns Saaunialasldin3es Brookfield
Digital Viscometer §u DV - I+ finyui§iseu 6 pm waziduiues 03
3.4 MefugAunsd Wun msnmniudouuaiiGeuaniin §178 15015215 1998 uas
mim’maam%a Escherichia Coli
3.5 N153AT1EMdayan1eaia N153ATILYNIIRIUNEAN N1aRIuAdl En1539uHY
N1sMAaBIkuUgunasn (Completely Randomized Design; CRD) wagn1snaaaunieussaindudase
MseeuFuRanfuIleisnangnandn1snuNun1IeaeLUUUaenguaNysal (Randomized Complete
Block Design; RCBD) wdvdmsnesianunusuniunaziUieuiisuaiadevewdasiudiesuuau (Duncan’s

New Multiple Range Test) fiszsfutleddty .05 ieTinsizsideyansafinlaglilusunsu SPSS, version
17.0 (IBM, USA)

NANISNARDILALINTA]

1. M3An¥INTITNANGNANITaY

& o [

HaIINMTENNwalNAnlugusuTINYUELNSIN SunensEaynIafg JmTnaynsusIng

3

wud gnaniiianumangadlumswen Ae gnaindiligeuseunawiuly esingnainiigeuasyili
ananidenias vasieriumngnainuiasiilignainuds laethgnainundsdiazenn 91ntudignain
WRUMEUINaNTIVYIIVToIMaNTIeuwae idazlvdveniwenunndeiu lnglddnsidiuvesgnain
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ABSTRACT

Stress is a mental conditional that can happen to everyone from different reasons, such
as work, school, family, society, economy, nation, or even individual personality. Sometimes we can
relieve stress by ourselves. But sometimes when there is repetitive stress provoke factors, it will be
difficult to eliminate stress completely. Sometimes stress is hiding under the conscious mind until
it causes physical disease such as Hypertension. Stress therapy can be performed in various ways
such as taking anti-stress medicine, Occupational Therapy, Thai Traditional Medicine, and Alternative
Medicine in Energy Medicine is one of the ways to treat stress. The purpose of this research is to study
the effectiveness of Energy Therapy in 21 volunteers with higher stress level than normal people by
using weak electromagnetic wave program 3 times, once a week and not more than a week each
time, By assessing the assessment before and after the therapy. Which the result of research showed
that using weak electromagnetic wave or wind element in Thai Traditional Medicine to rebalance
body into equilibrium state by assessing the Suanprung’s stress assessment form, heart rate, breathe
rate, blood pressure that is the physiological change in response to stress both before and after
experiment it was found that statistically significant decrease. (p<.05)

Keywords: Stress, Thai Traditional Medicine, Alternative Medicine, Energy Medicine
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ABSTRACT

This article presents a numerical investigation on heat transfer and fluid flow of a confined
plane turbulent nanofluid jet impingement on an isothermal heated surface using a single-phase
model. The finite volume method and standard k-€ turbulent model were used for the solution of
resulting governing equations. ALO_ nanoparticles dispersed in water with volumetric concentration
of nanoparticles ranging between 0 and 4% were used as working fluid for simulating the heat
transfer and fluid flow of nanofluid jet impingement. At inlet mean velocity profile was non-uniform.
The influences of volumetric concentration of nanoparticles, aspect ratio and Reynolds number
were examined and discussed in details. The results indicated that the volumetric concentration
of nanoparticles, aspect ratio and Reynolds number enhanced heat transfer when considering in
terms of the local and average Nusselt number, while the skin friction coefficient profile was slightly
increased whereas increasing the volumetric concentration of nanoparticles.

Keywords: impinging jet, heat transfer enhancement, nanofluids

Introduction

Impinging jets provide an effective and flexible way to transfer energy or mass in industrial
applications. The directed liquid or gaseous flow released against a surface can efficiently transfer
large amounts of thermal energy or mass between the surface and the fluid. Heat transfer applications
include cooling of stock material during material forming processes, heat treatment (Ferrari et al,,

2003), cooling of electronic components, heating of optical surfaces for defogging, cooling of turbine
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components, cooling of critical machinery structures, and many other industrial processes (Zuckerman
et al., 2006).

Nanofluids are suspensions of very fine solid particles (nanoparticles) with length scales
of 1-100 nm dispersed in base fluids, such as water, engine oil, and ethylene glycol (Choi et al,,
1995). Due to the enhancement in thermal conductivity and heat transfer provided by nanofluids
compared to classical heat transfer fluids. Nanofluids have become drastically significant for a wide
range of engineering applications which require high heat dissipation rates such as heat exchangers
(Venkitaraj et al., 2018) and cooling of electronic components which suffer from a high heat generation
(Selvakumar et al., 2012). Integrating nanofluids with impinging jet is considered a promising technique
that can overcome the challenges of heat removal (Abdelrehim et al., 2019).

Several researches have investigated numerically utilizing the single-phase model under a
laminar flow regime using water—ALZO3 nanofluids. The hydrodynamic and thermal fields of a water-
YALZO3 nanofluid in a radial laminar flow cooling system were presented by Roy et al. (2004). The
results indicated that considerable heat transfer enhancement is possible, even achieving a twofold
increase in the case of a 10% nanoparticle volume fraction nanofluid. On the other hand, an increase
in wall shear stress is also noticed with an increase in particle volume concentration.

A confined impinging slot jets working with pure water or vva‘(er—Al203 based nanofluids
was numerically presented. The flow is laminar and a constant uniform temperature is applied on
the target surface. The single-phase model approach was adopted in order to describe the nanofluid
behavior and different particle volume concentrations. The results demonstrated that the stagnation
point the local heat transfer coefficient and Nusselt number values result to be the highest and they
increase as particle concentrations and Reynolds numbers increase. The required pumping power
ratio increases as particle concentration grows and it is at most 3.9 times greater than the values
calculated in the case of pure water (Manca et al., 2016).

However, a few researches of turbulent impinging jet cooling using nanofluids have
investigated numerically utilizing the single-phase model. A numerical analysis of a confined plane
turbulent impinging jet with nanofluids was carried out to evaluate the thermal and fluid-dynamic
performances and study the velocity and temperature fields. The base fluid is water and different
volume concentrations of ALZO3 nanoparticles. The results demonstrated nanofluids produce an
increase of fluid bulk temperature increasing concentrations, the highest values of the average Nusselt
numbers increase as the nanoparticle concentrations and Reynolds numbers. Moreover, the velocity
is set an uniform profile at inlet jet section (Manca et al., 2011).

The flow and heat transfer processes in a circular impinging jet of nanofluids water-
ALZO3vvere described by several different turbulence models and wall functions by Peng et al. (2014).

The velocity and temperature fields were predicted by the single-phase model and the two-phase
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model. The results indicated that two-phase model with the addition of nanoparticles significantly
strengthens the momentum exchange between phases, promotes the uniformity of the temperature
field, and, consequently, improves the overall heat transfer capacity, which cannot be predicted by
the single-phase model.

Numerical investigations of turbulent flow field and heat transfer performance of water-
AL O nanofluid jet impingement were reported where jet impinged over a flat circular heated surface
from a circular pipe of diameter. A single-phase mixture model and the control-volume approach
were used. The uniform inlet velocity was applied at the jet inlet. The results indicated that the
heat transfer increases with increasing values of the particle volumetric concentration while the flow
field and turbulent kinetic energy distribution remain unchanged with the inclusion of nanoparticles
(Allauddin et al., 2018).

Although a few researches are currently available on the numerical study of turbulent
heat transfer and fluid flow of nanofluids impingement jet, there is no comprehensive study on
at the inlet mean velocity profile that is non-uniform. The objective of this study is carried out to
numerical evaluate the results of heat transfer and fluid flow obtained by the single-phase model in
a confined plane turbulent jet impingement using nanofluids to cool the isothermal heated surface.
The jet stream at inlet have an almost flat mean velocity profile that is non-uniform and specified
according to Tsubokura et al. (2003). Furthermore, the influences of volumetric concentration of

nanoparticles, aspect ratio and Reynolds number (Re) are investigated.

Methods
A. Problem description
The flow of the impinging jet is assumed to be steady, two-dimensional, turbulent,
and incompressible as shown in Figure 1. The body forces are neglected and the fluid properties
are assumed to be temperature independent. Brownian motion and thermophoretic diffusions of
the nanoparticles do not have any significant effect on convection heat transfer for the percentage
of nanoparticle concentration considered in this study. The length of the isothermal impingement
surface to the width of the impinging jet was fixed at L/B=50, this isothermal impingement had a
constant temperature of 310 K. The aspect ratios (H/B) were ranged from 4 to 8 to study the confining
effect, and the flow was considered turbulent with varied from 10000 to 30000. The working fluid
is water-AL O, nanofluids with the volumetric concentration of nanoparticles ¢ ranged from 0 to 4%.
B. Thermophysical properties of nanofluids
The numerical simulations were performed using water-AL O, nanofluids and the
nanoparticle concentrations considered in the present analysis are as 0%, 1%, 2%, and 4%. The

thermophysical properties of pure water and alumina are given in Table 1 (Rohsenow et al., 1998).
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When the single-phase model was adopted in the present work as nanofluids with small nanoparticle
volume fractions can be considered as Newtonian fluids for small temperature jumps (Mookherjee
et al,, 2020). The density and the specific heat of the nanofluids are evaluated using the formula

developed for conventional solid-liquid mixtures as follow:
p, = (1-dp +Pp (1)
PO, = 1-PpQ p, +PpC) 2)

where ¢> , pbf, pp, be, and Cp are the volumetric concentration of nanoparticles, density
of the base fluid, density of the nanoparticles, specific heat of the base fluid, and the specific heat
of the nanoparticles, respectively. The viscosity and thermal conductivity of nanofluids are evaluated
to follow Masoumi et al. (2009) & Chon et al. (2005) respectively .The thermophysical properties of
the working fluid are summarized in Table 2 (Mookherjee 2020).

B
’ : [ Isothermal confinement surface
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A ) * 1 _ Computational domain
Jet inlet I
y } :
1
\ s
T, 4 7z

i Isothermal impingement surface
Symmetry plane

2L

Figure 1 The two-dimensional confined impinging jet

C. Governing equations
The governing equations of the time-averaged formulation include the conservation
equations of mass, momentum, and energy. In the present study, flows are assumed to be steady
and incompressible, and the eddy viscosity concept is used to model the Reynolds stress (Launder
et al,, 1974). The continuity, momentum, and energy equations of the time-averaged equations can

be written in the two-dimensional Cartesian coordinate system form as follows:
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Continuity:

()2 (7) =0 @
X-momentum:

a_i(pm)+%(pw):_%%_i{(ﬂw)g_z}%{(wm%} @
y-momentum:

%(PW)JF%(PW)=—%*WL@%{(#JFM)%}L%[(#JFM)%} (5)
Energy:

s 12} S

where U, V arethe mean velocities in the streamwise and crosswise directions respectively,
T is the mean temperature, and P is the density. Besides, ¢, is the eddy viscosity (the turbulent
viscosity) and the modified pressure, ]_9*, is defined as:
P =Pk o
3
with p is the mean pressure, and k is the turbulence kinetic energy. The effective

diffusion coefficient ( £¢,) is defined as:

i,
(e s (®)
- [Pr Prtj

where Pr is the Prandtl number, and PTt is the turbulent Prandtl number, respectively.

E. The standard k-€ model
In the case of Reynolds Averaged Navier-Stokes (RANS) equation, a standard turbulence

model such as the turbulence kinetic energy (k) and its dissipation rate (€) are:

Turbulent kinetic energy:

RPN D] (AL N1 R I
a(puk)+5(pvk)—ax[(,u+ak]ax}+ay&u+GkJay}LPk pe )
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Turbulent kinetic energy:
8(,oulc)jti(pvk) 9 ,u+i ok +£ u+i oK +P —ps 9
ox oy o o, JOx | Oy o, )Oy

Dissipation rate:

2
E(,0178) i(p\_zg)—g i A ,u+& 0¢ +C, P ngpg—
ox oy ox o, o oy oy “k k
(10)
The production of the turbulent kinetic energy, P, , is formulated as:
ou, Oou,
P, = e R (11)
ox; O
The production of the turbulent kinetic energy, P, , is formulated as:
on au
P = e R (11)
ox; O
The turbulent viscosity is defined as:
2
=pC,— (12)

k
The model constants are given by

C,=0.09, C,=144, C,=192, o,=10, o, =13

Since the laminar sublayer has effects on the flow near walls, the velocities, turbulent
kinetic energy and its dissipation rates in this near wall regions may be evaluated by the wall function

approaches (Launder 1974).
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Table 1 Thermophysical properties of pure water and ALO, particles at T = 293 K used in the

computations
Density Heat capacity Viscosity Thermal conductivity
Material 5
P (kg/m?) c(U/kg - K) U (Pa.S) A (W/m . K)
Al203 3380 773 - 36
Water 998.2 4182 993x10° 0.597

Table 2 Thermophysical properties of working fluids

Volume fraction Density Heat capacity Viscosity Thermal conductivity
0] P (kg/m?) c (U/kg - K) U (Pa.s) A (W/m . K)
0% 998.2 4182 993x10° 0.597
1% 1027.018 4053.210 1097.05x10° 0.617
2% 1055.836 3931.451 1154.756x10° 0.631
4% 1113.472 3706.841 1375.910x10° 0.655

D. Numerical solution procedure
The computations have been performed with the in-house developed computational
code. The governing equations and the transport equation of above turbulence models were
solved using the finite volume method (Patankar, 1980). This scheme solves discretized versions of
all equations with non-uniform stageered grids. The principle of mass-flux continuity is improved
indirectly via the solution of pressure-correction equations according to SIMPLE algorithm (Patankar
1980). The convergence is judged by monitoring the magnitude of the absolute residual sources of
mass, momentum and energy, normalized by the respective inlet fluxes. The solution is taken as
having converged when all above residuals fell below 0.0001%.
The geometry of two-dimensional plane impinging jet consists of the jet stream, impinging
and confinement wall; therefore as shown in Figure 1, computational boundaries involved are inlet,

outlet, axis of symmetry and solid walls (isothermal impingement and confinement surfaces).

First at the inlet, the jet temperature ]_; is given at 300 K. The jet stream having an almost

flat mean velocity profile (v, )was specified according to Tsubokura (2003) as:

v, =¥, [1-(2x/B)" ] (13)
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where B is jet width and V, is the mean centerline velocity. The Reynolds number (Re)

is calculated as:

Re = 202 2
U

(14)

Next, the outlet boundary is placed at x=50B which is sufficiently far away from the main
region of interesting. At this boundary streamwise gradients of all variables are set to zero. Then along
the axis of symmetry, the normal velocity component and the normal gradients of other variables
are set to zero.

Finally, at solid walls including impingement and confinement surface, the standard wall
function approach is used to bridge the viscous sublayer at the duct wall which is based on standard
k-E model consideration. Also the walls are considered isothermal, the impingement surface 7, at

310 K and the confinement surface at 300 K, respectively. The Nusselt number (Nu) is defined as:

—(67_’ / 8y) B
Nu = Tf]_"w (15)
w7
Before proceeding to the discussion of the predicted results, it will be beneficial to focus
first on the effect of the grid density on the solution. Figure 2 shows the computational grid at
distance x/B=50 and y/B=6, the ¢rid clustering are applied near the impingement surface and the
confinement surface. The grid-independency of the solutions are examined using three different
grid sizes consisting of 12464 (82x152), 25944 (92x282) and 30804 (102x302) on the model H/B=6 at
Re=20000 with water as working fluid. The results on the intermediate grid 92x282 can be considered
as the grid-independent results because the refinement from the grid 92x282 to the g¢rid 102x302

produces averaged too small Nusselt number difference as shown in Figure 3.

Figure 2 Sample of computational grid
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Figure 3 Grid independence analysis in the case of H/B=6 and Re=20000

using water as working fluid

Results and Discussions
The numerical results of a two-dimensional turbulent confined jet of Al203-water-based
nanofluids impinging on a stationary isothermal wall are investigated. Including the influence of
volumetric concentration of nanoparticles, aspect ratio and Reynolds number are presented.
A. Numerical validation
In order to verify the developed computational code, the simulation results including
the Nusselt number and the skin friction coefficient along the impingement plate for H/B=9.2 and
Re=20000 are compared with the experimental data (Ashforth-Frost et al., 1997) and previous
numerical data (Kubacki et al., 2010). The present numerical results are in good agreement with the
experimental data and also the previous numerical data as shown in Figures 4.
B. Influence of volumetric concentration of nanoparticles
The numerical results of heat transfer and fluid flow are investigated at the different
volumetric concentrations of nanoparticles values as (]5 = 0%, 1%, 2%, and 4% for H/B=6 and
Re=20000. Figure 5 illustrates streamlines in case of various volumetric concentrations of nanoparticles
values for H/B=6 and Re=20000. The development of a vortex is generated by the impinging jet
because of jet entrainment, confining effects, and isothermal confinement surface. It is seen that
a vortex is generated below the jet. The main jet stream impinges on the target isothermal heated
impingement surface, gets deflected, and then flows downstream in a meandering path in between
the recirculation and the impingement surface toward the outlet. Similar streamline trends are

observed all volumetric concentration of nanoparticles.
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Figure 6 shows temperature distributions in case of various the volumetric concentration
of nanoparticles for H/B=6 and Re=20000. The temperature profiles are increased with respect to
the increase of volumetric concentration of nanoparticles because of improving thermal conductivity
of nanofluids.

Figure 7(a) shows the Nulsselt number (Nu) distribution along the impingement surface
for H/B=6 and Re=20000 at various volumetric concentration of nanoparticles. It is observed that
the increased volumetric concentration of nanoparticles, the Nu is increased due to the increase
of the thermal conductivity. Furthermore, the averaged Nulsselt number (Nuavg) distribution along
the impingement surface is 83.06, 83.59, 83.57 and 84.75 for d) = 0%, 1%, 2% and 4%, respectively.
However, the skin fiction coefficient along the impinging surface is slightly different due to the small
effect of nanoparticle on the velocity field as shown in Figure 7(b). Additionally, it is clear on the
averaged skin friction coefficient along the impingement plate is 0.004644, 0.004645, 0.004645 and
0.004645 at different volumetric concentrations ¢ = 0%, 1%, 2% and 4%, respectively.

€) (b)
97 0.008
80 BN [
X 0006 |,
60 F RN
3 : N 5 0.004 f
40 90 % o f-g._ N B -
: , g
20 O Experiment (Ashforth-Frost 1997) 0.002 O Experiment (Ashforth-Frost 1997)
L == ~RANLES M2 (Kubacki 2010) — — —RANS/LES M2 (Kubacki 2010)
G B o S e 0000 L TRANSke(Preen)
0 2 4 6 8 10 0 2 - 6 8 10
xIB X”B

Figure 4 Comparison of present results with previous experimental and numerical data
for H/B=9.2 and Re=20000 (a) The Nulsselt number distribution
(b) The skin friction coefficient distribution
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Figure 5 The streamlines at different volumetric concentrations of nanoparticles values

for H/B=6 and Re=20000 (a) ¢ = 0%, (b) ¢ = 1%, (c) @ = 2%, (d) ¢ = 4%,

C. Influence of aspect ratio
The Nu distribution along the impingement surface for different aspect ratios H/B and
volumetric concentration of nanoparticles (,b:O% and 4% at Re=20000 as shown in Figure 8(a).
Nu is the maximum value at the stagnation point and then it is exponentially decreased along the
surface. This is because the increase of the thickness of thermal boundary layer and the decrease
of the local velocity due to velocity boundary layer. Figure 8(b) shows the averaged Nu along the

impingement surface at different aspect ratios for the volumetric concentration of nanoparticles
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Figure 6 The temperature field at different volumetric concentration of nanoparticles values for

H/B=6 and Re=20000 (a) p=0%, (b) p=1%, (c) P=2%, (d) P=4%,

¢=O% and 4% at Re=20000. The Nu_ g is risen by increasing H/B

and also the maximum Nuavg is found at largest H/B=8
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D. Influence of Reynolds number
For different Re and the volumetric concentrations of nanoparticles 9=0% and 4% at
H/B=6 are investigated. The influence of Re on the heat transfer can also be clarified in terms of Nu
and Nuavg. as shown in Figures 9(a) and 9(b), respectively. Increasing Re leads to increase in the heat

transfer due to the increase of the temperature gradient at the isothermal impingement surface
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Figure 7 The results at different volumetric concentration of nanoparticles values for H/B=6
and Re=20000 (a) Nulsselt number distribution (b) The skin friction coefficient distribution
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Figure 8 The Nulsselt number for various aspect ratios H/B at Re=20000 (a) Nu distribution

along the impingement surface (b) the averaged Nu profile
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Conclusions

The turbulent heat transfer and fluid flow of nanofluids in a confined plane jet impingement
were numerically investigated using the single-phase and the standard k-E model in the simulation of
jetimpingement flow was evaluated against previous experimental and numerical data that was found
to produce good predictions of the local Nusselt number and the skin friction coefficient distribution
along the impingement surface. The influences of volumetric concentration of nanoparticles, aspect

ratio and Reynolds number are examined in details. Major findings can be summarized as follows:

160 160 (b)
120 120 -
g [
= F 80 |
Z 80 Z [
40 40 o

i —8— =0%

i - A - 4%

0 ) T O S S S W M S Y

10000 20000 30000

Re

Figure 9 The Nulsselt number for various Re numbers at H/B=6 (a) Nu distribution along the

impingement surface (b) the averaged Nu profile

(1) The volumetric concentration of nanoparticles ranging from 0 to 4% increase the heat
transfer in terms of the local and average Nusselt number, while the skin friction coefficient profile
is slightly increased whereas increasing the volumetric concentration of nanoparticles.

(2) Aspect ratio ranges from 4 to 8 similar to the flow Reynolds number varied from 10000

to 30000 enhance the heat transfer coefficient of nanofluids
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ABSTRACT

The purpose of this research was to analyze the concentration and compare the average of
PM2.5 in the open system room, closed system room and outside the building at the National Archives
building, Chanthaburi. It is a cross-sectional study research and purposive air sampling, including 3
groups, open air room, closed or air-condition room and outside the building at the entrance. Each
group was sampling 3 points, each point measured 1 hour average for a total of 8 hours per point
for a total of 72 samples, with the DUSTTRAK DRX Aerosol Monitor. The data were compared with
the Indoor Air Quality Standards recommended by the Department of Health. The statistics used for
data analysis were mean (Avg.), standard deviation (SD), F-test, Kruskal-Wallis test and Mann-Whitney
U test. The results showed that the concentration of PM2.5 was in the range of 28 - 82 ug/m’ and
averaged in the range of 28.4 - 73.5 pg/m’. The room that PM2.5 was higher than the standard are
the Document Valuation and Assessment Room, Film Valuation and Assessment Room, Archives
Office Room (Administration Room) and Document Center Room. The average of PM2.5 in open air
room group was significantly higher than the closed room group (p < .05). The average of PM2.5 in
open air room group was not significantly different from those outside the building (p > .05). The
average of PM2.5 in closed room group was significantly lower than the outside the building (p < .05).
Suggestions for improvement according to the sanitary principles to be hysienic by closing doors,
windows, gaps or leaks. It is a simple and low-cost method of improving building hygiene, suitable
for residential and public buildings for good hygiene and safety for residents.

Keywords: PM2.5, building hygiene, archived building, residential building, public building
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2.2 ASUDNANT/LONANTDNDY 8 31 34 32.9 0.99
2.3 WesdiNNUVBIANNILLYA 8 28 29 28.4 0.52
(VoruInIs)
3. fufinneusnaiAsusamnadh
3.1 MAI9IAITNAN 8 44 56 49.1 5.00
3.2 MauLmile 8 44 54 48.6 3.54
3.3 maeule 8 47 57 50.9 3.98

wewme - pg/m’ vneds lulasnudegnuiaiiuns

9NN 1 HamTeTgAANLdLTuYey PM2.5 81013V RNINEIMALIIYA
funy3 vinaveangluemsiiiussunde s 3 90 vesmelueimsfiduszuula su 3 90 uazitudl
AeusneIAsUTAMIain 53 3 90 udazgansaialudedesedilus Wuna 8 Hlusieidesieqn
FWIMIU 72 F19819 nuANUETUvesy PM2.5 lateglutie 28 - 82 lulasnSusegnuianums
(ug/m?) LLazﬁmLa?{aagsme 28.4 - 73.5 pg/m’ $8alBuANaN1TIATIERAAUTNTUYD LMY
nauitud ol

11 nguviesmelusmsiiiuszuuida 53 3 e liun sesufiRnunmvaeunarussidiu
AALenaNsNUIIEL PM2.5 frnaglutag 59 - 82 pg/m’ ifnadeindu 73.5 pg/m® siesufiRnunsivaey
uazUspiiunuAtena sUsELMTIaWUIRL PM2.5 fiAnegluta 38 - 59 ug/m’ fidadewiniu 44.6 ug/m’
uazviesdinaue IV (Veg3nns) Wudidu PM2.5 deeglutas 39 - 52 pg/m® dAnadewiniu

44.5 pg/m’
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1.2 ﬂejuﬁmmﬂummiﬁL’fluﬁzw% 53 3 ves Mo viesAudionas du PM2.5 dif
agluyae 36 - 37 pg/m’ finnadewinfu 36.5 pe/m’ WoIAGAINA15/40NaNTONBMUTIE PM2.5 S
ogflutna 31 - 34 pg/m’ iAadewindu 32.9 py/m’® uazvesdtinnuvesnynevg (fesuims) wui
B PM2.5 drnaglutng 28 - 29 ug/m’ finnadewiitu 28.4 ug/m’

13 nguitufinisuenenmsuinamadi s 3 90 Tdun madheransnans du PM2.5
fidneglutas 44 - 56 py/m® dAnedewiniu 49.1 pg/m® madhermsiumie fu PM2.5 ddreglutas
44 - 54 pg/m® Anedewitu 48.6 po/m’® Madieraseule Hu PM2.5 fiAneglugg 47 - 57 pg/m’
fidadewiiu 50.9 pg/m’

2. LU%EJULﬁEJUﬂ"]LQgEJB!u PM2.5 n1elue1A1sVeIMNUBMALIIYIFR TUny3 LLatha?%&Jr;Qu PM2.5
AIBUBNDIANT WARIFIANTIT 2 waza15197t 3

a o

A19199 2 WSsuiisuaaey PM2.5 91A15W0aninewnwied Junys lneldatia Kruskal-Wallis test

nau N Avg. SD  Meanrank  df p-value
1. ﬁaﬂmﬂumm‘iﬁﬂuiwuﬁm 24 54.21 15.51 47.98 2 .000
2. ﬁa&mﬂummsﬁtﬂuiwuﬂﬂ 24 32.58 3.46 12.50
3. fluflmeuenomsusnamedn 24 49.54 4.15 49.02

NAITNT 2 ANUUANANTRIALRREY PM2.5 sewinnguiesnglusiansiiiiussuude

v A g - XA a ) .
ﬂf‘:lﬁﬂa\‘iﬂ’]ﬂiuaqﬂqﬁmLUuiguﬂﬂﬂ LLazﬂquwuVlmEJuaﬂmmiUiL’JmMNL‘iﬂ Qqﬂﬂqimﬂaaﬂiﬂﬂ Kruskal-Wallis

PR

WU NEuviRswaneafiy denAadedu PM2.5 uansasiueg1ailitdudfyneads (p < .05)

1Y

A19199 3 WisuiisuaAaey PM2.5 81A15venvingminwied Junys lagldadd Mann-Whitney

U test
QGH N Avg. SD  Meanrank  df p-value
1. Wosneluoasiidussuuda 24 5421  15.51 36.50 -5.949 .000
2. wosnelusesiiiduszuuia 24 32.58 3.46 12.50
1. wosmeluoiasiduszuuda 24 54.21 15.51 23.98 -.258 796
3. fuiimeuenenasuinamnadn 24 49.54 4.15 25.02
2. ﬁamwﬂummsﬁﬂuswu% 24 32.58 3.46 12.50 -5.952 .000

3. ﬁ}u‘ﬁlﬂ’]ﬂu’aﬂ@?ﬂ’]ﬁU%L’JM‘VI’NLﬁiJI’] 24 49.54 4.15 36.50
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958 3 (flenaaeumNLILANAIBsANRABEY PM2.5 $186s835 Mann-Whitney U
wuin nauviesmeluermsiiluszuudn fdwededu PM2.5 geniinduiesnielueiasitdussuula
ogailduddmeadn (p < .05) uasnguiosneluenesiifussuudadanadedu PM2.5 sniinguitudi
mMeusnoImIUIRAMatn egitddymeadia (p < 05) lurasiinguiesssuudauasnguitufimeuen

91A1sUHMAdAnededy PM2.5 lduansieiu (p > .05)

dyluaziasal

HANMTIATIzviAIANUdLTuYesEly PM2.5 Meluena1sneanvanawiniiend Junys Ui
woaneluorasiiduszuuda s 3 90 Wosnelueasiiluszuuda s1u 3 90 uasfiufinnguen
91Ut 93 3 90 wiaggansaialuAadeedilu Wunan 8 tiludeliesegn sy
72 fhege wuiieniadeu PM2.5 :nviesu fiRnussadeuuazUseidiunrionans iesfiRnunaaeu
uazUsziugauAtenansUszamilay siesdriinauveanvisneins (Fosssnis) uaziiesgudienans danade
guAuninnasiinasgiunuaneinaniglueasisensuldliiu 35 pe/m’ WeIsuifisutuinus
mmgmﬁLauaLLuﬂmaﬂmamﬁa (Bureau of Environmental Health, 2016) @1ususiadnastanadns/
lonansesBs uazsiesdrinaumesnmnevn (esfuims) Miluriesszuilaiimanadeves PM2.5 agly
RS uiisensuld nansaseiaiuiineuenerasuinamadiduidldnuigu PM2.5 Seade
guAuninnasiinasguaunmeinansluoasisensuld wasidgauiunitnarisnsgiuiuazens
Tuussemelaeilufidvualiladiiu 50 ue/m® (Royal Thai Government Gazette, 2010) Waafinu
fiddenu PM2.5 unfignfevioinsiadeuuayUssiiiunmaAianals dnvagan1enInYesvisiing
Wauser-miee SueniAInaguen Usenauiuneanvinemauiand Junys @T’dagﬂﬂéjﬁuauuﬁlﬂu
dunamdnveufiodunyd finsasaseaeniy dwaliduassessuadnainaieuendrgenansliwuiu
donndesiiunanIsAnwiAANduduveteun ALy USINAusElusmAnglueInIsuaz A BN
yosormsiifisAnrinazveaysluussmanin Anuitluennsdaiidnsssuigernauuusssunatioynia
fnanduazesddusinianisueneians wazuvasindavesudulvgiinainnisasasiagianssy
luguwu (Maskova et al, 2015) uavaeandesiunan1sAnwuvasiuidnvesuazess PM2.5 Tuusion
mamiovessamalne wuihdusuniaiannnauiluillas uszsenanifniuanlodssolasiane
fwa (Kanidta & Natphasuth, 2020) 91nn1s@nwansznuvesuazessuundntiiiu 10 luaseu (PM10)
MnMseALULTBsauLTiTideguamueaAniinGeu nsdiAnwlsaSeunsyUgiineids suneiles Sandn
uAsUgy Wuﬂﬂqu}mnLﬁﬂﬁﬂSauiﬁSau‘wswgm%‘mmé“aﬁégaagﬂﬂﬁnuumwé’ﬂﬁmﬂmmsmmmam
yadlsaszuumadumelaunndisnidintnBeulsadouassnaiiosineaufisogmslnaanauumendn
py198dsd1AYy (p<.05) Iinﬁauslumjmﬁﬂmﬁéu’qasﬂﬂﬁauumwé’ﬂ fUsur PM10 w1nndnlsaieu
Tunguulisuifisuinsegrslnannauuaendn dwasoUiinamssudugia PM10 vestindoulungufing

winnlsaseulunguiuTeuiiey (Worrawut, 2017)
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N o a

= = i a ' | a o
ﬂ']ﬁLﬂﬁEJULV]EJUﬂ’]LQaEJ%ENﬁJU PM2.5 fﬂ?_Js[,ua']ﬂrﬁwaqlﬂﬂﬂr]ULV@!LLV\T%WW UNUT NUARAYVDN

q

AW PM2.5 neupne1nns wuinguiesiiiiussuuladanadedy PM2.5 gandtnguiesiluszuula

'
aa 1Y

agdiduddynsadaiisziu 05 waznquiesiiduszuulaianadedy PM2.5 dndnguituiinieuen

1 =

91U eglleddgeadfnsziv 05 Tuvasiinguiosiluszuulawagnguiuiineuen

o d'

g1m1sUTnamadiAnaiedy PM2.5 lduandeiu viesninisilinuseg-miheing Wasueniranaieuen

Jefidafevosunsenaiivang  wnniviesliilnUseg-vtising denadesiunanisAnwinisd1sia

a o =

yiauazUinudeniuviusesluennia 01mside augivermans WNIMYGEUaTI¥ENTl Kan1sANWK
naiaviisnauazyseginadeuTinadesuvauassluenna Tnevioaiifinisiaviinsnesey oy
mwm%’wﬁmaqL%yaﬂmﬂﬂ’i’lﬁmﬁvl,zjLﬂﬂwﬁwhqﬂiz@a&J’mﬁﬁfaéﬁigmmaaﬁ .05 (Katika et al., 2016)
HAINNNSANY IAT1E9 waslUTeuiiguAmanulutuveasu PM2.5 nglueimsvieanviangine
Wi Funyd nasiesngluomsidussuudn ieanelueasitiussuuln uagiiuiiaoueneians

Uit agdlaindu PM2.5 Tuenianieusnaaisiinansenuseavdnvauzaesernisluiesiiiu

o w

szuulUneglitediAgnieada

JaLEUBLUENN5IY
1. Jaduanulun1siinanisiveluly
91NHANITITENNUIH LAz DBIVUIALENIINABUDNEIANTE INas o U U AT NI UYBa

Auazeasvuadnniglusiasilfuiesdasueiniaainaisuen fetiu nsusuugsernsdinamunie

q

v = dl

Tueufiegordefidesliirianssudunauuynulignaudnuas anundnnisquiiviaeiaisnie
Minende lnsausuwuzlviannisuilowvesiuanaeuenitnanluies medsnsUausee-nieng ¥a9in
V3388594 9 voeies uazlaiovhnisssuigemeduunasilutisiidunmenengasi Ouisnsuiuus

Panansavilideuariialdietesmunziuaimstuizeunegefeuare1n1sasisay

2. Yaduanuzian1sIdeasesaly

Va v a v

nnansITeluadell Adeddeauenusifuuumidunsideluaiely Aeaisfinm
Hu PM2.5 wagaviizinamunineiniady 9 lusimsvanvaigssianiiinisegedeviseanansansisasiay

agluniuidsssianislasuransenuiuamunmeina tnefnuilinseurquyngania saudsdnuwiieaiy

t%

Aus viruai Tunisdansiinendelvigngudnuase waznislesiunuies

Y 9

AnANIsUUTENA

a o

n3delunasatilasunsativayuyuide nnewmwide Inendemalulagaeny (@uiidyy ma.

N

608/2560) AMYRITYVBVBUANVBIAVILIMALINIR Tuny3 NlviArteuATIEilar81ueAINazaIn

3
VY &

Tunsdufivdeya awildaunsafiuteyauazieseinalddunanmidefiauysal
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v
v Ao

fnnagneutidluifseguiinugs sddeiifngusrasdiieldlelsutitniislsanuidulidy
Aeuthlunanfedanm thidildlunsineduiieainnssuiunswaninsulidudsiininagnoutrda
o) 70-80% lelwuanwedesndnleloud 1, 2, 3 war 4 nfw/dalus Husuanmnnagnouluihilafissezna
0, 10, 20, 30, 40, 50 uAT 60 U WUTENMERWINYEY Ao Aududulelry 2 nSw/aalue wu 30 Wil
fianziannsauiiuen BOD 910 49.98+0.90 1 69.60+1.02 n¥u/ans uavinmasmdvietinia
Tuanaifien 99 4.41+0.09 Wy 548003 nfw/Ans f1 TS anasan 74.20+1.96 1u 52.05:0.10 uag
COD anadan 90.40+0.80 Ju 51.20+0.07 n$u/ans mswanAeTanmaIniisnnasneufiniunis

o

Usvanmmelelgulrusunauimetinmuinniniisninazneuiliiiunisusvanin egrsdideddgnisada

(p<0.05) Ag@an nAlanunsdnsUsuanmilinanmanitnldidnisusuanimainnisndfineiimu

Tufie@inmanitegediduddameadi (p<0.05)

v v v
o a

Addgy: Yrnsanlssnuduliay nnegneutidulau Telsudsuanin Aedanin fAedimu

ABSTRACT
Most of the effluent from palm oil factories is used to produce biogas, but the amount of

gas obtained has not been very high, since there is a high content of palm sludge in the wastewater.
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At the end of fermentation, the resulting wastewater and sediment may be released into the
water sources, causing environmental problems. This research aims to use ozone to treat palm oil
wastewater before they are used to produce biogas. Wastewater used in this study was from a Palm
oil extraction plant and had 70-80 per cent of decanter sludge. Ozone producing machine generates
ozone at 1 ¢/h, 2 ¢/h, 3 ¢/h and 4 ¢/h was used for pre-treatment the decanter sludge for 0, 10, 20,
30, 40, 50, and 60 minutes. When pre-treatments of the waste with different ozone concentrations
and exposure times, it was found that the optimal condition was ozone 2 ¢/h for 30 min. This could
increase BOD from 49.98+0.90 ¢/l to be 69.60+1.02 ¢/l and Reducing sugar from 4.41+0.09 ¢/ to be
5.48+0.03 g¢/\. The TS was decreased from 74.20+1.96 to 52.05+0.10 and COD from 90.40+0.80 g/l
to be 51.20+0.07 ¢/. Biogas production from ozone pretreated wastewater gave significantly higher
amount of biogas than from untreated wastewater (p<0.05). The biogas from the pretreated waste
had better quality than the untreated waste for having significantly more methane (p<0.05).

Keywords: wastewater from palm oil factory, palm oil decanter sludge, ozone pre-treatment, biogas,

methane gas

uni

Uﬂéuﬁ’lﬁmﬂuﬁﬂjmwgﬁaﬁnﬁ@a&hmﬁwawizmﬂ”l.‘w&J \losanuandniildaiunsaialy
Tuslenildviadunisgulnauazuilnedsdsmalinimaniisfuunduinduoganiswiioissne
ihifuuduuenanlilunisuzsewnauds tifuduivdlivsslesdsundsnudnge Ao gminuamdu
lulefiwald wiilasannszuiumsnanthiuunduneliAnvesdesuumnn fnsuszanunsi lumsuan
thifuthduasifninfisannszuiunesdn 0.65 fuserduaamilaiu esnnveadednanndianuanyangs
wazdindumiiusunurniuuinalsnmu saggrumnndusnviin tidsasdedusennnaiivredssnu
Ineasgunasinsssumiaduauiensouroridiufinduin fuduusaslssnulsiomitaanisdnde
flddsnansenuderuruuazdanndey nsdiidsnnlsanuadaiduliduandndufietnmdy
madenvisiiannsateudlutymdnanlddueend ‘13ﬁL?ﬂm’mT,ﬁN'1uqmmumsmfwﬂuméuﬁﬁmmmﬂ
Tusiagiu Fedmmumnzaslumsihandsmdanunauniluguuuueesinedinm Tasfnedinmiinaals
sggmiluldnannszualwih lildlulssnuvdeifiovisliudnsiiniteduseldliulssmdnmami
ihidetuaz 12,000 auy. Mnmskaathiuuduansailusandunssudliiiinmn 2 Mwh 1§ ERDI-
CMU, 2021)

ihidefiAndunnnssuiumananieiidnvasiiaaduiviinuremeneudadunnagnou
vesUduUuegUiinags 919fs 70-80% anmsingneududnlngiduninlowaglaa efiwaglas
way andu Felidnuaziduveadefisosanenisdinmldondsmaliussansawnisndniiedanmn
foutem uidldinsthdmidesdu (pretreatment) Inneenoumaniasulasiaddidesaaelanetu
dieliaunisiiunumddylunisudnfnedinmanusaldduidosaarsildmeesfunsiuuiunm

v v

Aedinmainuifale
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A15USUANINAINALNDULNNEA8 UNANEIT NaTINN dwarn1enn teganuldedidenly
Py o 3 3 a a a = A a a <
nglalgulunisuSuanimmnaznaulidy laefinglelsuasninayyasendiudasedilussansnamiduans

aaﬂ%lﬂﬂfﬁjuLLi\‘i(Strong Oxidant) lgun Hydroxyl radical (COH ), HO, , HOuaz Super oxide (O)

N

(Wisessombat, 2014) ansnsnildsulasiaiiwossaglaa efiwaglaa wardnduiduasluanalug
flassadefitudoulifumsluanavuadn flasadsiielunssosamefegiunds 1¥ud dinanglaa
leflaa Husiu (Gupta et al, 2015) Sahnadmdvidotnaluanaifsinadenduwdmdamilitugaunis
Tlunsudnfiedanmsiely

faty Adeiehnisinuannisiesiinsiunsavdmiunisuivanmdndeninezneu
Undudefielolsufiofiniinuesietinmildnnifuarldfstanmiiaunndty daduns

inUsgdnsamlunisuidaidendesidnneudanddesesngduindey

38013
1. Inghiu
nnagnoutduiiviinsfnmldnindeduduredssnuataihiuiidy v quanysel
thifuie $t Fafinnazneuunduey 70-80% fanuduturewudeimun (Total Solid) 74,200 n¥u/ans
noudgszuudmiinlionadiondnfneiinm fadudndefifietuaiddunszuauns Beaslida
Wudu 10% Wislivianziun1snaasuuy batch experiment wazlA3as¥nfg OxiTop ® Control OC 110
ldlunsmeaesinaunisudniedinim
2. 3UuuuNsITY
muﬁwﬁé’ﬂﬁlﬂuﬂﬁmaaﬂuisﬁuﬁmﬂﬁﬂ’am'ﬁ (laboratory scale) lngaankuun15NAR
1Uu 2 dau drunsneeniuunsneasaiu dx7 factorial complete randomized design 1 LiteAnwan1Y
Funzaldun anududuvedelsy warsvernafildlunisufuanmiisnnazneulidy ethluld
Tunsuanfetnmnlutuneurdniedinmsely Ysvneudemududuvedelsu 4 sviude 1, 2, 3,
way 4 ndu/Aalue wavdasnanilileleulumsuSuanmil 7 sedu @e 0, 10, 20, 30, 40, 50 way 60 U
dwsuiegslunday treatment ¥ATIATIEAMILUTAIN Ao pH, Reducing sugar, Biochemical Oxygen
Demand (BOD), Total Solid (TS), Chemical Oxygen Demand (COD) Wsiag Treatment 411 3 1 TaeAgnns

ATILIMIUANTIN 1
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M15199 1 WARSITIATILILALLDNETDN9D

Parameters Analysis Method Reference
pH pH Meter APHA, AWWA and WEF (2017)
Reducing Sugar Dinitrosalicylic Colorimetric Method Miller (1959)
Total Solid (TS) Dried at 103 - 105 °C APHA, AWWA and WEF (2017)
Chemical Oxygen Demand (COD) Closed Reflux, Colorimetric Method APHA, AWWA and WEF (2017)
Biological Oxygen Demand (BOD) Azide Modification APHA, AWWA and WEF (2017)
Total Kjeldahl Nitrogen (TN) Macro Kjeldahl Method APHA, AWWA and WEF (1998)

duitrosdunmsesnuuummasemiinfetanm sewhahfiemnazneutduiidunmsuuanm
eleluuluannefidaidon fugnmuauaintfisnmnazneuiliiunsusuanm Wefnwissansam
nswanmeTannaInthfisnnazneuthdu WumsmswinmedanmuuuEenmalaevageuly OxiTop ®
Control OC 110 Respirometer UW1A9IALNINAABI 500 JadaNT TngvhehilsmnmeneuiiiunisuSuanm
felolou uazlibiunisusuaninuiins 225 faddns Tarudeluranuimanomnay 25 faddns

o
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fine nNAZNaY nnAzNaY p-value*
lsivFuaniw frunsuiuanw
Total carbon (CH4 + CO,:m mol) 2.137+0.10 3.844+0.13 p< 0.05
CO2 (m mol) 1.717+0.17 1.483+0.045 p< 0.05
CH, (m mol) 0.420+0.17 2.361+0.07 p< 0.05
% CO2 in Biogas 80.35 38.59 -
% CH4 in Biogas 19.65 61.41 -
CO, : CH, 80:20 39:61

*uansingfueeeitedAynsananig t-test
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ABSTRACT
The purpose of this research were to study adaptation and analyze factors affecting

adaptation of the yellow marian plum growers in Nakhon Nayok to climate change. Questionnaires
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were applied with 240 growers. The descriptive statistics and binary logistic regression were used for
data analysis. The results found that the adaptation of growers within 3 issues: economic, social and
environment. The results of binary logistic regression analysis revealed that age, yield and training
level at 0.05 of significance. Based on recommendations were provided for relevant agencies to find
adaptation guideline and plan production according to changing climate change.

Keywords: adaptation, yellow marian plum grower, climate change, yellow marian plum
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ABSTRACT

In this work, the fluorescent powders were synthesized using green method for enhancing
the visualization of latent fingerprints (LFPs) on physical evidence surfaces. Rice husks, which are one
of the major agricultural wastes, were used to synthesize silica nanoparticles (SiNPs) with high purity
up to 99.8%. The prepared SiNPs were subsequently coated with fluorescent dyes called rhodamine
6G to obtain the fluorescent silica nanoparticles (SINPs-R6G) with an average diameter of 25 + 1 nm.
The synthesized SiINPs-R6G were powders in orange color. They were used for the detection of fresh
LFPs with non-dusting technique. The results showed that the SINPs-R6G could efficiently enhance
the visualization of LFPs on porous surfaces, semi-porous surfaces, and non-porous surfaces. The
best visual contrast of the yellow fingerprints (570 nm) on both smooth and rough surfaces was
imaged using orange filter with digital camera under the beam of Polilight with a wavelength of 505
nm. The resultant findings indicated that the developed fluorescent powders and LFPs detection
technique proposed herein can be used for criminal investigation in forensic science.

Keywords: fluorescent powder, latent fingerprints, rice husk, silica nanoparticles, rhodamine 6G
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Snvuziiaviiliudousuusinssiehudafifinnnvlufeiudadifdue (ONA) mileutu Adfiansthile
Aunnsinafiy é’ﬂﬁfusaamaﬁ’;ﬁaﬁﬂL‘T;JuwEJmwé’ﬂgmﬁﬁaﬁmmiaﬁwmmwﬁqamaﬂé’ﬂwaﬁuﬂﬂa (uniqueness)
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seuaeiiailouna (latent fingerprints %se LFPs) lagseeatetiailediulveyinuluiiinmeazsidulsenm

[V Y]

LFPs fufinanasiuimiesazasiuludiu (@1sAnvas) ffneguuduyuvesasiiile Wetlhlelududaiuing

q

vhliduyuiivszneuludemmutiusaensaluiuignnaasuuiiufinvesing Aanssassmeiflefifidnume
Talifid vilsaneihilefivmngiulidany drfununeudiimemansissndudesnsisniuas Hand
el 1taeluntsviild LFPs vuituiasng 9 Uiﬂﬂgﬁfj’mﬂuﬁu (Champod et al.,, 2004; Azman et al,
2019) F93Bnsifiuanuandaves LFPs fd1inaufigatndngiuiisadenltludagiuiinatsds wu
sty (powder-dusting method) n1sguluasavarefiulensu (ninhydrin dipping) nseulessime
910NN (cyanoacrylate fuming) wazmssuaiulelefu (iodine fuming) A3nstansduiduisnisillasu
audgutlUldunnfgaluanuiiiome syniavesnauagluinizindl LFPs Uuﬁuﬁwaai’mqwmu
dosnanutunaressusznouvedlusiuiinndisey fenrmannsalunisimefnvaseyniatuivauia
sU$ waznsinznguiuveseynia Gseuniaiinaunaziivunadnazinizinldnitoyniaiifvunelg
wazveny fetunsdulasiiluTafivunaveseynineglutag 1 - 10 um (Rajan et al,, 2018) Farsrlunanisén
Afouiuldluns LFPs fe wajusn (black powder) fiusznoudae wdneenluddd (black iron
oxide) 19au (rosin) wihfiAnannsilvdiveningiy (lamp black) Mlgiaesidsm (fuller’s earth) uay
winildlaeanles (manganese dioxide) fivhuididuansTauazansifiunisBane (Lee & Gaensslen,
2012) uaﬂmﬂﬁuﬁaﬁwqﬁgumwﬂﬁﬁwﬁmsu 9 8n Gadwunoondulsziamudn 9 1Hun neiulane (metal
powder) Wiluugndn (magnetic powder) Weeud (colored powder) wazuEuIIMa (fluorescent
powder) Maidenlinsuuiuspinnasiuogiutiadovatsosng wu mamiigngu audeu wasdvesiuia
fngnenu 01gues LFPs uazUiinnesdUsznauresansiamdsiivasndovuiiuinvesingneu (Sears et al,
2012; Dhall et al., 2016)
Tuthmanedirusniiinidevarevinulforfomaluladuiludruntiglunisdansevioynia
wiane 9 lawn 1) syniaululane Wy sun1Auluky waveunawiluved 2) syniauilulaveosnlyn
wu nmdelasenled dinsdesnls waneenlyd glsfisussnlys uareunauludani uaz 3) eynia
wluSouas wu uaalleudalidaioudunen waadenddludaoudunen Asuaunen Lazaunia
wiluvesuslanevien 1Uudu (Prabakaran & Pillay, 2021) dwiuihluuszgndldlunisnsiann LFPs
ﬁﬂiugﬂmmaummmuaaa (wet powder suspension) wislindaunuulansuiafies (single metal
deposition) wazukuulanenateyia (multi metal deposition) UaygUveny (Azman et al,, 2019)
NnMsAnwmuIteyaAulugan (silica nanoparticles 3o SiNPs) gnldesunsuaneiierinaia
AudAves LFPs 1H0e91n SINPs fanuannsalunisdaduutuiuluanavesiigs wazanmsadufi
vgjansuendavesnsmexilu [Usiu wazdla Midussduszneuves LFPs snustuselsleuauveanylensenda
ﬁa@jvuﬁuﬁ’mad SiNPs g1 (Garg et al,, 2011; Hazarika et al., 2012; Huang et al., 2015; Kim et al., 2016)
ogslsfnmunsduynanisfnsmdsssuiigniautulunasnuidedildamnsailuldifoduauade

Y99 LFPs vuiiuRyingnnussinvld ssmungauiiosuwafiuinfsgnsuy (semi-porous surface) wagiuia

v
a

14ifisn3u (non-porous Surface) wintiu usildanunsailum LFPs vuiuiaifignsu (porous surface) 16t

v ¥
a o A a
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prnanuiiamadosinsandnuueiufvesingueunevludesiu Wedenvsiavomsduliimnzay
Aun15eU (Prabakaran & Pillay, 2021; Rajan et al., 2018; Thongthammachad & Witchuwanich, 2019;
Azman et al., 2019; Rajan et al,, 2019; Jenie et al.,, 2020)

unau (rice husk uie RH) Wufaqwidesimdnainnszuiunsdinuasgamnssndana

A a

nNsETIlegddnuAsygianITnens nsenTisneeskazannsal wuitluudasUivnaunay
widefagedie 5 - 6 /A (Boonsrila, 2016) unauUsznauFIEaTBUYEETddYy 3 ¥lia Ao wwaglaa
(30%) Ledlwaglad (20%) waghniu (25-30%) uazin (17-23%) lagluddiddn (Si0) Wussddsznou
0¢jfla 90% Tivdeazifuasusznaveiuviddvadlanzennledsng 4 wu Inunadouoonlys (K O) usinthide
oonlus (MgO) egilillneanlus (ALO)) unaiBeueenlus (Ca0) uazindneenlus (Fe O) (Pacheco-Torgal
et al, 2015) fviufifodeiunniiasiunauullunsdansie SiNPs unumsliansusznoumaad
wassenmendlaa (tetracthoxysilane wie TEOS) ndwntiuazth SiNPs fidamsiesdldunviniside

meluanavesddeneasdunidliniiiu 6 3 (thodamine 6G w3e R6G) Hteltilunsduiniuas (SINPs-R6G)

v '
a o a

dwfunsiam LFPs vuitui Tnglavnussiamvianuilanisngu Aagngu uagldiisngu MeituiiSeuwasnui

v
a

v3Use Madngueundnuiiddusasdesy lagldisnisnariuwnunisUanduiidesondoninudiunguay

21vhaneEusesaneiilawala

/s
1. n15d0ATIZHA SINPs 2INUNaUAIISNTANALAZNIIANAZNY
thunaudnvennzdiug 105 Jaldfumannguiaviasuvu guétnyue thuguuas (ngu
unsing) Smiartaziny sndwinenuaveadetuaainlensu (deionized water w3e DI Wusuu
3 a1 ilerrdnddvantsn Wy evRuuasimwTefiRantuunay ntudaiunauiikiunisdeiian
gonudlUouniaigamadl 70 °C Wunan 12 $9lus wazduvelvdvunadnas thasunauluvzdisng
n3n (acid leaching) HCl Mty 2 M mgldnszuiunsindndiigumgsl 60 °C \unan 90 undl
derdneenluduadanzesn Wonsunmiidmusinimunauindiedeth bl aunseiadunans (pH = 7)
udathlusuusisiigaumad 70 °Cliunan 12 2l
fumeusialuidunismidnarsdunideanlaglinnudou fAfeTaimunavlyinse
nMsdsunlannavesanslnsendunmauifvneiuieu (thermogravimetric analysis wio TGA) Tagld
\P303 TGA/DSC 3+ (Mettler Toledo) Litefinnsantrsgamaifivnzansonisiinansduyidfeglunay
oonlulfaunua nuimsaaeimianudoureaunauIrBunMIIHIMereNN oMl 100 °C mude
msaaneivesiivaglas waglaa uazdniu flgamgil 180-310 °C 320-410 °C wazgand1 410 °C muady
filnavesunauasinaaeiant 70% flgaumaiiaanii 500 °C ﬁﬁﬁusﬁﬁﬂ?ﬁﬁwmLLﬂﬁUlULNWﬂﬂEJIG’TUﬁiEﬂﬂ’M
oandaufsiiEnAI3augs (Humanlab, DMF-12) figamgdl 650 °C lunan 6 $2lua wilerdnansduvisd
wadllFdiiiTUSnamedameduguanniian i ildludaased SiO, Uiavslagliisnsadauay
nsanagneu Tneduluansazals NaOH anududu 2.5 M unan 2 49l sudhenisusuan pH aulian

pH 1w 2 feansazaensa H SO, Aty 2 M wdsannduaiuen pH 118w 8.5 Meansazany NH OH
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Aty 2 M ilel SiO, U3quifignanannaznausenin Intuilueuurisiigamad 120 °C Wuan
12 $lus melFanudu 10 mbar FewmevayyINa (Binder, VD series) ¢ ls Sio, U3avis ndsniu
I Sio, Uiamaiilalukunssuiunmstededienin afn wasanazneudneds eluanuuianiuas
anvunvestanilinaneidu SiNPs fiflauuiavigs
2. MIATEURIUINIUES SINPs-R6G
e SiNPs fidaiszsildandunoud 1 uwaufuansazats R6G ludnstdiu 1 : 10 lunm
30 Wi MEINEULENIINIBENTINANTAYANY REG wavdnsiiufnvesaymadaeth DI meldnstiumies
fianauEaseu 14,000 seu/unt Wunan 10 uidt Wus o 3 ads Lﬁaﬁﬁmimaqamaﬂ R6G Tiimaeulalfnoen
mﬂﬁ?uﬁwmﬁié’lﬂauLLﬁaﬁqquﬁ 60 °C (Junan 12 Halus aeldmnniu 10 mbar seweugyaINe
i dunsdunnuas SINPs-R6G dusuriluldamam LrPs ludumeusely
3. MydTeantanInenw audiniaall wazauURniaues
n&a91n¥iNsduATIER SINPs waz SINPs-R6G azthluiiangsiesdmaniifidusinuas
a1sUsEnev Twdannuuiavives Sio, TngldiaTosiiasigsinisiFosiadiond (PANalytical, MiniPala)
Ainevimgiladdunazlnsaestuanalagliinie s smume suduisisaanlnsiives (Shimadzu,
IR prestige-21) Sinszflassaimdninsliindononssdinunsniaiines (Rigaku, Miniflex) Sas1ew
nuazgUTreteumalaglindesganssmididnaseuuuudensin (LEO, 1450VP) waginszviaudh
maadlpeldiadesinnisdewas UJasco, FP-6200)
4. mawudiegssasaetiafioudsuuingweny
Tunssiaes LFPs uuiiufvesingine q Buanidendunuvesiagnenlasudseanidy

3 UselAn MUaNYEUeIUR A Nuruuuligngu Aagnsu uwalifigngu Geiegraiilddwsunuiouuy

Y 9

a

agnsu lown sulnsaduas 20 U wasiuvils wasiufwuulaisngy laud nszanalad wiuveuns
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fsngu loun nszaeaeenansaunl (80uNsy) waznsyawnesuea (uiasaduazmnda) druiuiawuu
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o .d '

goynwUal noyuaauauaa ogiileuviesd a1 QIFVIYU QIINTIUALAINTBLYLIY UALHIRIN

9 9 3

3
WS
vsassnaud feduuiidudsifdegimlulutinysedriusazinnuasluanudiioms TasTngneiu
fhoghaazgniandalidivun 3x3 cm? dwuiegaiufauuulifignguasgndeheuazoalnetilug
Tuezdlon lovuen &raiend DI uasidliliuis iiethlushaes LFPs siely

Tunsdrans LFPs tu vhilnglioranading 1 eu ufussitumetiiionasnnisvaaoadiols
sUuuumpihfleliivdsuutas Tnereudseiuaeifionraatasdesinauareiniosensdsay
wazthavern Walviuts aniiuldihiethelunseuinm Tzone wdiluvssiiuindoasuuiiuiafoshed
wisnld Tnsnsnausiushegnsuugusesiuudiussivmeiafieluuuiumisiidimun ainduudesgndu
awnnastuiifledaouss 9.8 T 13 iunat 10 3wt ilemuguusanaliivinfunn q ada

5. MSANBIATINAINIT0TDY SINPS-R6G Tumsiiinarsandauassesmeiafioudsuuiiufia

wuuiigwu Regngu uazlaifizngy

dmduitnaaeam LFPs Tagldueduaniuas SINPs-R6G fnienduunidu Buaniiug

SiNPs-R6G Tdlun1wugsesiu wanihdedaingneunfenism LFPs u1adnasuung SINPS-R6G 21n1u
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Tgndunaiusegisiuuusmenssna 1.96 Ty Wunan 10 Jundt Wefiuussnavild LFPs Aursry
annsaimeinfuldinntu vnduidewnaersduAueananituiin udhumisuuuiugenm
yhmansduliiinnsminasionasdiniidaueniedu 505 nm nadessuadindlasiigninda
Wiy 45 aeen Auiiegne wiufundngiulaenisanenmiendasfdsia (Nikon, D200) HuRlawmesady
Tulnualniawuudnlud® (Autofocus: AF) aeA1aulies (1SO) Wiy 800 warA13SuLas (F number)
Wiy 3.2

HANINARBIUALIAT0]
nan1sneaeaUseendy 2 neundn q fie wan1sduATIzd SINPs uaz SINPS-R6G wawn1si
raduIILaTnSsntUlUAnwIAUansalunsnTIavn LFPs lnelisieazidunasaluil

1. wan1589LAIZ SINPs uaz SiNPs-R6G

LARUUANYIU UNAURAINIUNTZUIUNTTYZEN
#A28N3A W dNaLaTANAZNDU

AN 1 NSRS UFUDILNAUNAINIUATEUIUNITVLAINIBNTA LW @NA LazANAZNDU

AINMTNARDIT DM IUNAUIHILNTZUIUNTYLE9AI8NIA W1 afA uazanaznay Liedaasiz
Si0, 31nuNay wuindvesunavaziUasuanaiimasewiuivadadudves Sio, Fawanslunmd 1
Feaenndostunanisinsziesdusznauniaailaeldinaianisiiesiedions (X-ray fluorescence
spectrometry 138 XRF) finuinunaunesurunssuunstedsdiensauseneudeasusenoundn e
Si0,96.40% KO 1.15% CaO 0.97% uaz Fe O, 0.12% UANIEUSINIUNTZUIUNTTZANMIBNIAUITU
KO uay CaO anasaubianunsansdadnld (N/A) uagdSunm Fe O, anauméie 0.01% Wiilosnisnis
grdaensndaduisnsazanvansusznavluannsiiansazaedunse asuszneusmanlavzeenles
wgnidneenluanunaurumsameiilierluzvesindonaslsd KCL CaCl uay FeCl fianunsaazany
114‘131151’ (Lagana & Parker, 2018)
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Lﬁ'aﬁwLmawé’amimé’wﬁammiﬂLmﬁqmmﬁgqﬂdw 500 °C (550, 650, 750 waz 900 °C)
Wunan 6 Hlus nuinAnnisaaeivesansduristamnsadudiulfainanisiasgivyiladduves
TuanaansdunsdlagldmaianiSesnsudnesudususeaiunlnsalad (Fourier transform infrared %38
FTIR) dauanslunnd 2 flaimu 1) ssdusznevtesinsngogiisuminavaiu 3,328 cm’ 2) a1sUszneu
lalnsansuou (CH) iduminavadu 2,916 cm™ uag 3) H-O-H fisunisavaay 1,601 cm™ dsaenados

v

fuieliwaglaa waglaa wazdnfu (vibulan, 2005) eeslshmulunuideifidedenliamumgiilunisin

U

Wiy 650 °C 1una 6 Flua lesanlitidveawnaufifvsunames@dnedugiuuniign (99.30%)
wazdveattmdinsindianuynIInigadanslunmig 3

foukn o0 2016 1601

H,0 (molecules) CH H-O-H

nNsdpeIUYBILES (a.u.)
&
(e}
o3
é" ~

Si-O-Si
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a
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a

Muil 2 FTIR alUnmsuveannaundsnsyednsiensawdnilufivniigamailisng q Wunan 6 9alus

Y

% vef "{'J":ﬁz:-'.f e
oo VK ¥
wnilgaumgil 550 C wnilgaumgii 650 C wilgaumgll 750 C wnilgamgii 900 C
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Sortidmdsiunssuiunmstrdsiiensanasniigaumgd 650 °C Wunm 6 $alus Tush
msafiuazanazneudiodansiziien S0, senun lasmsdiluansazanefidusaitel’ sio, fogluidn
yosunauiinnsuAsuuladluifulnfendding (sodium silicate 3o Na,SiO,) Fsogfluguveavadlalaiiia
ndniudaiunsaadulumsazasves Na SiO, wleviliAnmsanaznewdy Sio, uazdadunisuiue

pH A 2 ?jadqmalﬁaumﬂ Sio, flgunndnas (Ghorbani et al,, 2015) fauansluaunisi (1) «2)

SiO2 + 2NaOH —— > NaZSiO3 + HZO (1)
NaSiO +HSO — 5 SiO +Na SO +HO (2)
2 3 2 q 2 2 q 2

naunsil (2) Wehda Na SO, 88n wamsvaassnuiazld SO ildnwamdunsdvn (amd 1)
flnuuSaidgetis 99.84% wazillevns SIO wadlluiunszuIumstzdediensa ada uazannznou
= R SN a £ aa v <, . ! v . A
aNATY WaliuANUIgVTHaranvInvesanlvina1elu SINPs HansaaasnudRgld SiNPs AL
U3andgatie 99.90% fidnwazlunssnaufivinaduiuaudnaisweseynialagiade 27 = 1 nm Aauans
lunnil 4 nmsinTeinisieiuuesssdiend (Xray diffraction %58 XRD) Wuguwuun1Isideuy
v993vdend (XRD pattern) wanwiannd 5 Fausngiiadeutieniie s suvdsnsdeauu 20 Yssana
21.9 °C @oaAdosiuszIU (101) M1 JCPDS manelay 00-011-0695 Fansnsaduduldindu sio il

Tnsvasawdndunuvedugiu (Rojas et al, 2019) uarilvunoynialuszauuluuns

Muil 4 nwane SINPs Aidaasiziiuainunau Ingldndesganssaudianaseusuudesnsin
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500

(101)

intensity (a.u.)

2theta (deg)

AW 5 XRD pattern 999 SiNPs NId9AT12%UUIINKNAU

AN 6 MNANEHIEL SINPS-R6G MATEUTUIINNITNARBA

v

ot SiNPs UigvdgeTidaasieviaul luvhnisindeudae R6G ¥l SINPs-R6G fiuans
Tunmidl 6 dudefinrsanandnungmsmenwnuindunuasBendifidd ieuiluasatineide
windlavigesisawudaalasalal wuiine SINPs-R6G awiinnsamuasdimdesiifinnuenindu (emission
wavelength) 570 nm Lﬁagﬂﬂizﬁuﬁwuﬁammmm?{u (excitation wavelength) 505 nm Gaua e mnay
wpspuiingununsnanuiiiamelignismuasmesans R6G fiin1sdiend R6G uuiuRIBYN1AYES SINPS
lsldmaliAnnsasaiussyoluanauuiiufinges SINPs-R6G uazdsnmuvyilaisu leaonisu (siloxane)
Si-O-Si Afurinanay 1,035 cm™ wag 797 cm™ MAnnMsduLuUE anauwuUldauIn (asymmetric
stretching vibration) warMIFULULEAMALULANINAS (symmetric stretching vibration) asdau Fadu
anwazianzaIves SO, (Nhung et al., 2017)

2. HANNSANYIAUANITAVBS SINPs-R6G Tunsiiiuauautauas LFPs
n&ndauaginadumuas SINPs-R6G w@safoutesuddlunoud 1 Suhneuiwdontu

¥

TUns39mm1 LFPs vuituiivessinegainguuuiigngy Aegngu uaglidligniu edegeaniinui S uwagnuia
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Y3usy Fdadnauavin uiunsdy 13 vila lnge1deISnanaviudiens SINPs-R6G udatiludesnielsiuas
ay Ao .:4' v av e ] o I 2 o
dihnianueandu 505 nm Ingldinsemisuadndlan nansvaaemuimniiegnnsUingsesaeiiile
Tnmuasdmdediiiuegiunudn Tag R6G wennzdriiuauANtAssHIIgUwuUTesToEaeiaile
waruiaIngneuiilesnnauaudiniskawdy duiiunuaudiniuveul (hydrophilic) 1naugag

wsngluans R6G Tevduszneuilusentuuiianinsadnludunazassiusyiumylensenda (hydroxyl gsroup)

Aflogunnly SiNPs a@dwatit SINPs-R6G wansaudRanuyauinuIndy 3eeludndniuansnrdauu LFPs

U

LAREeUN Al 7 uansradInnsiiiuanuaudnved LFPs uudogneingneuaiinng o neldusuiniuas

SINPs-R6G aufuisnsnaviu Aiiunangulaenisanenwsienaesidvianuiliamesddy

v

MR INAIIINTNTIIN LFPs vuditagaingnenunn 9 fuRuwad gideldmihnimaiennam
nleanuanivaaeddli weaevgs asuns vuwensia dnnendans (au.4) nquaunsIvaneliteuns

nosfigatndngIuna1e Minsnsiaiigatiendanuaiyanalagedenann1sn1snsiadeuiisundnuuy

o

d1fgyiiiay (special characteristics) v3easmil (minutiae) ﬁazé’aaﬁﬁ;mé’wmsﬁwﬁ’zgﬁmwummaLﬁu
nssfuoeation 10 90 (Malne) toaseuduiniumeiifiovesyananufentu (Azman et al, 2019)
Fenmannisuiisugednuardfyfiavszninnmdeansiafefituiinldannisasam LFPs
Tngldf SINPs-R6G TaufuBBnsnaviuiimuntu funmiuiansihnilevesoramatas wuimanmaius
Busuendnuaiynnald (nnil 8) uandliiiudnng SiNPs-R6G amnsnifiunnuandelifuidusesansiiile
I$ognsdivsyavanm ilesonauaniFlunsmuasiuilfiduamsicdefiusngdntuiuiesingreu

Igegndaududunisannissunmuaniiungs uenantuiieidunistuduiimg SiNPs-R6G ignitamndu

Ya o

svasallilunuigaindngiuldase {Adeieldaevaudefniuiioussiiuussaninmuasaiy

a s
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ABSTRACT

This research were to study and compare the Interval training to the cardiorespiratory endurance
and blood circulation of Satit Ramkhamhaeng Demonstration School Elementary Department’s Badminton
athletes. The sample consists of 30 Badminton athletes. The sample group was divided on 3 sub-groups
each consisting of 10 participants: interval training group, Intermediate-interval training, and the control
group. The instrument was 4 types: 1. Short-interval training 2. Intermediate-interval training 3. Multistage
Fitness Test: Beep Test 4. Repeated-Shuttle Sprint Ability: RSSA. The study revealed that: Firstly, for the
Beep Test and RSSA, all 3 sub-groups were better at training than before at significant of .05 level. Secondly,
the comparison between different lengths of interval tests showed different effects on cardiorespiratory
endurance and blood circulation. Short-interval and Intermediate-interval significantly affects the RSSA
endurance measured by RSSA best value and RSSA mean after four weeks of training at .05 level. Thirdly,
interaction between training programs and training duration together greatly affects endurance for both
Beep test and RSSA between three sample groups at .05 level.

Keywords: Interval training, Cardiorespiratory Endurance, Badminton Athletes
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ABSTRACT

Ethanol extract of Aglaonema simplex rhizomes exhibited higher monophenolase inhibitory
activity than arbutin, with IC50 values of 53.65 + 0.80 and 138.15 + 0.96 ug/mL respectively, while
diphenolase inhibitory activity values were similar to arbutin at 6.35 + 0.23 and 7.11 + 0.16 ug/
mL respectively. Arbutin was used as a binding ligand for screening tyrosinase inhibitors using high
performance liquid chromatography with a diode-array detector (HPLC-DAD). The analytical method
was validated. The calibration curve of arbutin standard generated the regression equation, y = 25.356x
- 167.65, 1" = 0.9991. The accuracy was presented in term the percentage recovery and was showed
99.70 to 102.45 %. The LOD and LOQ values were 37.74 and 114.37 pg/mL, respectively. Intra—day
and inter-day precisions were presented in term the percentage of relative standard deviations and
were in the range 0.07-0.13% and 0.002-0.019%, respectively. The optimized ligand screening at 37 °C
and 40 min. Five unknown tyrosinase inhibitor binding ligands were identified in the ethanol extract
of A. simplex rhizomes using HPLC-DAD with retention times of 13.95, 19.64, 21.30, 38.98 and 43.90
min, respectively. The result suggested that the extract of A. simplex rhizomes could be contained
the marker compounds for the development of the extract in cosmeceuticals.

Keywords: Aglaonema simplex, arbutin, ligand, tyrosinase inhibitor, HPLC-DAD

Introduction

Tyrosinase (EC 1.14.18.1), a polyphenol oxidase, is a copper-containing enzyme found
in animals, bacteria, fungi and plants (Sanchez-Ferrer et al., 1995). Tyrosinase catalyses both
monophenolase activity (hydroxylation of L-tyrosine to L-DOPA) and diphenolase activity (oxidation
of L-DOPA to DOPAquinone) through melanin reaction pathways (Fais et al., 2009). Overproduction
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of melanin pigment may cause serious problems that manifest as age spots, freckles, melasma and
senile lentigines leading to cell death.

Tyrosinase inhibitors such as arbutin, azelaic acid and kojic acid are used to ameliorate skin
hyperpigmentation in cosmetic and pharmaceutical products. However, side effects of tyrosinase
inhibitors can result in allergic reactions, dermatitis and erythema (Chen et al,, 2016). Thus, the
search for novel tyrosinase inhibitors from natural sources has recently increased to screen bioactive
components (Chen et al.,, 2016; Chen et al., 2013).

Ultrafiltration method has been used in screening bioactive compounds from plant extracts.
The ultrafiltration membrane is used to separate ligand-bound complexes from the unbound
compounds. The following analysis step is commonly determined by analytical instruments such
as high performance liquid chromatography or mass spectrometry. The adventages of ultrafiltration
are low sample consumption, high recovery yields and reduction labor-intensive task (Wang et al.,
2018; Zhang et al., 2017).

Aglaonema simplex BL., a member of the Araceae family, is native to Southeast Asia and
widely cultivated in tropical rain forests (Napiroon & Vajrodaya, 2017). It is traditionally used as a
Thai herb for several ethnopharmacological properties, called Wan Khan Mak in Thailand. The major
constituents of the genus Aglaonema are polyhydroxy alkaloids and A. simplex exhibits glycosidase
inhibitory activity (Watson et al., 2001).

Previous reports indicated that alkaloids, slycosides, phenolics, steroids and terpenoids
from A. simplex stems and roots exhibited anti-cardiovascular effects (Ismail et al., 2017). Alkaloids,
coumarins, organic compounds, phenolic compounds and terpenoids were found in lipophilic
extracts of A. simplex rhizomes (Napiroon & Vajrodaya, 2017), while butyl stearate and B—sitosterot
were isolated from A. simplex rhizomes. B—Sitosterot exhibited mild hyaluronidase inhibitory activity,
while molecular docking of B—sitosterot showed the highest hyaluronidase inhibition (Khammee et
al., 2020).

The ligand of protein is one of analytical chemistry for the qualitative and quantitative
measurements in method development (Satheshkumar et al., 2021). Previous reports indicated that
licand of tyrosinase inhibitors as unbound low-mass molecules from mulberry leaves extract were
analyzed using ultrafiltration and separated by high performance liquid chromatography coupled
with diode array detector and mass spectrometry (HPLC-DAD-MS) (Yang et al., 2012). Ligand of biotin
derivatives were immobilized on magnetic particles and analyzed by HPLC-MS via selective ion
monitoring (HPLC-MS-SIM). This method was validated and showed the highest sensitivity (Yang et al.,
2011). Ligand of glutathionylated derivatives in plant were immobilized using glutathione transferase

and characterized by HPLC-MS (Dixon & Edwards, 2018).
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Many researchers have been reported that tyrosinase inhibitors were isolated from the
various plants. (+)-Dihydrokaempferol, ellagenic acid, kaempferol, myricetin, quercetin, rhamnetin-3-
O—ﬁ—D—gLucopyranoside, resveratrol exhibited antityrosinase activity (Chunhakant & Chaicharoenpong,
2019; Solimine et al.,, 2016; Chen et al,, 2015; Sarkhail et al., 2013; Jeong & Shim, 2004). Moreover,
the plant extracts have been reported on antityrosinase activity. Methanol extract of Podocarpus
elongates stem, ethyl acetated fraction of Cynometra cauliflora leaves, essential oil extract from
Citrus grandis, extract of Rubia cordifolia exhibited antityrosinase activity (Aumeeruddy-Elalfi et al,,
2016; Biswas et al., 2015; Ado et al,, 2014; Abdillahi et al., 2011). A preliminary study demonstrated
that ethanol crude extract of A. simplex rhizomes showed strong antityrosinase activity (Rujitanapanich
et al,, 2018). However, scant research has been conducted concerning the tyrosinase inhibitors of A.
simplex.

Here, the aim of this study was to evaluate an HPLC-DAD method for development of
interaction between tyrosinase and ligands from extract of A. simplex rhizomes. In addition, the crude

extract of A. simplex rhizomes was investigated for antityrosinase activity.

Methods
1. Chemicals
Analytical grade chemicals as arbutin, disodium hydrogen phosphate, L-DOPA, L-tyrosine,
mushroom tyrosinase and sodium dihydrogen phosphate were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Absolute ethanol, acetonitrile (ACN), methanol (MeOH) and water were purchased
from Merck (Darmstadt, Germany). ACN, MeOH and water were of HPLC grade.
2. Instruments
UV-VIS measurements were recorded using a PerkinElmer Spectrophotometer. HPLC
analysis was conducted using an Agilent Series 1100 liquid chromatography system with a quaternary
pump, a vacuum degasser and a diodearray detector.
3. Plant materials
Fresh rhizomes of A. simplex were collected from Kanchanaburi Province, Thailand
during February 2019.
4. Plant extraction
Fresh rhizomes of A. simplex were ground to powder and then dried in an oven at
60 °C. For extraction, the dried sample (50 g) was macerated with ethanol (0.5 L) for 24 h at room
temperature for three times. The solvent extract was then filtered and evaporated under vacuum-

reduced pressure to obtain ethanol crude extract of A. simplex (8.33 g).



NIENTIIVAYNIZUAT @vInenmansuazimalulad

96 = A o o L4
UN 16 aUU% 2 (NTN1AN - 5UINAN 2564)

5. Chromatographic conditions

HPLC analysis was performed on an octadecylsilyl (ODS) ThermoHypersil Keystones
column of 250x4.6 mm packed with 5 um particles (YMC Co., Kyoto, Japan) and equipped with a
guard column of 20x3.0 mm with 3.5 um particles (Phenomenex Inc., Torrance, CA, USA). The column
temperature was operated at 25 °C. The injection volume was 10 pL and the flow rate was 1.0 mL/
min. The DAD detection wavelength was measured at 280 nm.

The gradient-elution system was determined using a protocol modified from Zhang
et al. (2017). The mobile phase consisted of 0.1% v/v formic acid in water (A) and 2:3 v/v
acetonitrile : methanol (B) with the following gradient: 100% A at 0-5 min, 60% A at 6-20 min,
40% A at 21-40 min and 100% B at 41-60 min. Sample solutions were filtered before analysis through
a 0.45 um polytetrafluoroethylene (PTFE) membrane filter before analysis.

6. HPLC method validation

Ligand screening of ethanol crude extract of A. simplex was identified after validation
of HPLC analysis. The method was validated to evaluate accuracy of the method, linearity, limits of
detection (LOD), limits of quantification (LOQ), intra—day and inter—day precisions.

The percentage recovery was calculated to evaluate the accuracy of the method.
Arbutin was prepared at concentrations of 15, 20 and 25 mg/mL in sodium phosphate buffer. Then,
1 mL of ethanol crude extract (20 mg/mL) was added to 1 mL of arbutin solution. All the data were
calculated by the formula:

Where: A represents the sample contents after adding arbutin solution, B represents
the sample contents before adding arbutin solution and C represents arbutin solution.

For linearity, arbutin solution for calibration curves were prepare at different
concentrations. Arbutin was prepared at concentrations of 10, 15, 20, 25, 30 and 35 mg/mL in sodium
phosphate buffer. Seven repetitions were determined in this method. The calibration curves were
plotted using peak area versus concentrations. The calibration curve was plotted with peak area
versus concentration using the method of least squares regression analysis. The values of the slope
and y-intercept of the plot were computed.

LOD and LOQ were detected as the lowest concentrations of analytes in the sample.
The LOD and LOQ were evaluated standard curve of arbutin solution. Each concentration were

injected in triplicate. These limits were calculated by the formula:

(A-B)

Recovery (%) = l ]xlOO (1)

C
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Where: As represents the average slope and SD represents the standard deviation of

response.
3.3
LOD = — xSD (2)
As
10
LOQ = — xSD (3)
As

Intra—day precision was evaluated using three different concentrations of
arbutin under the selected optimal condition. Arbutin was prepared at concentrations of 15, 20 and
25 mg/mL in sodium phosphate buffer. For inter-day precision was conducted by measuring the
above concentration on five consecutive days. The percentage relative standard deviation (% RSD)
was calculated to evaluate the intra—day and inter-day precisions. All the data were calculated by
the formula:

SD

Relative standard deviation (% RSD) = x 100 (4)

X

Where: SD represents the standard deviation and X represents the mean concentration

of arbutin solution.
7. HPLC method for ligand screening

HPLC method was determined following the modified method of Zhang et al. (2017).
Ligand screening of ethanol crude extract of A. simplex was evaluated to optimize ligand screening
conditions, specific ligand screening conditions and ligand screening of ethanol crude extract of A.
simplex. Arbutin was used as a target model compound to optimize ligand screening conditions.

Briefly, an arbutin solution and a tyrosinase solution were prepared at a concentration
of 1 mg/mL in sodium phosphate buffer. The activity assay used 300 pL of the solution mixture
containing 100 pL of arbutin solution, 100 pL of sodium phosphate buffer and 100 pL of tyrosinase
solution. Solution mixtures were incubated at 37 °C for 40 min.

The binding mixture was then filtrated through an ultramembrane filter (Amicon®
Ultra-15) and centrifuged at 10,000 rpm for 10 min. Screening conditions were optimized at different
temperatures (25, 37 and 45 °C) and for different incubation times (10, 20, 40 and 60 min). All HPLC
experiments were conducted in triplicate. Binding ligand affinities of the constituents to tyrosinase
were calculated using the equation,

Where: A represents the chromatogram of HPLC for the control group and B represents
the chromatogram of HPLC for the experimental group.

For specificity of ligand screening conditions, the denatured tyrosinase solution

(1 mg/mL) was boiled for 10 min at 100 °C. An aliquot of 100 pL of the denatured tyrosinase solution
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was added to 100 pL of arbutin solution (1 mg/mL). For the tyrosinase group, 100 pL of the tyrosinase
solution was added to 100 pL of arbutin solution. The solution mixture was filtered and injected into
the HPLC analyzer. Inactive compounds were evaluated by comparison with the tyrosinase group
and the denatured tyrosinase group.

Ligand screening of A. simplex extract, binding screening of the A. simplex extract was
measured using the modified method of Zhang et al. (2017). The solution mixture contained 100 pL
of the crude extract of A. simplex rhizomes (1 mg/mL), 100 uL of sodium phosphate buffer and
100 pL of tyrosinase solution as the experimental group.

The control group of 100 pL of crude extract of A. simplex (1 mg/mL) was added into
200 pL of sodium phosphate buffer, and the reaction mixtures were incubated at 37 °C for 40 min.
The binding mixture was then filtrated through an ultramembrane filter (10 kDa cutoff) and centrifuged
for 10 min at 10,000 rpm. All experiments were conducted in triplicate.

8. In vitro antityrosinase activity

Antityrosinase activity was determined following the modified method of Biswas et al.
(2015). L-tyrosine was used as a substrate for monophenolase inhibitory activity, while L-DOPA was
used as a substrate for diphenolase inhibitory activity. Arbutin was used as a positive control. Ethanol
crude extracts of A. simplex (1 mg/mL) and arbutin were dissolved in sodium phosphate buffer.

In separate reaction mixtures, 50 uL of the ethanol crude extract, 50 uyL of 0.1 M
substrate solution and 100 uL of 0.1 M sodium phosphate buffer (pH 6.8). The reaction mixture was
mixed and incubated at 37 °C for 5 min. Then, 50 pL of tyrosinase solution (200 U/mL) was added
and the reaction mixture was immediately recorded at 490 nm (t = 0 min). The reaction mixture
was incubated for 40 min at 37 °C in an incubator and the absorbance was measured at 490 nm
(t = 40 min).

All the experiments were determined in triplicate. Percentage antityrosinase activity

was calculated using the equation,

Antityrosinase activity (%) =

(A-B)-(C-D)
— | x100 (6)
(A-B)

Where: A represents the absorbance of the control, B represents the absorbance of the
blank control, C represents the absorbance of the sample and the positive control and D represents
the absorbance of the blank of the sample and the positive control.

9. Statistical analysis
Results were expressed as mean + standard deviation. Statistical data analysis of variance

was performed using SPSS version 24, with differences considered significant at p < 0.05.
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Results and Discussions
1. HPLC method validation
The chromatographic method of arbutin was validated to evaluate accuracy of the
method, linearity, LOD, LOQ, intra—day and inter—day precisions. The accuracy of arbutin in the spiked
sample was calculated and reported in terms of percentage recovery (Table 1). The percentage
recovery of arbutin ranged from 99.70 to 102.45 %. According to the International Council on
Harmonization (ICH) guidelines, the acceptable range of percentage recovery were limited of 90 to

110 % (ICH guideline, 2005). Thus, the validated method presented a good accuracy.

Table 1 Accuracy results of ethanol extract of A. simplex

Concentration (mg/mL) Recovery (%) RSD (%)
15 99.70 + 0.12 0.29
20 100.55 + 0.08 0.17
25 102.45 + 0.07 0.11

The linearity of the calibration curves between peak area and concentration was
shown as Figure 1. The equation of arbutin was y = 25.356x-167.65 with regression coefficient of
r’ = 0.9991 were obtained by the calibration curves (Table 2). The LOD and LOQ values were 37.74
and 114.37 pg/mL, respectively. The percentage of relative standard deviations were reported to
evaluate intra—day and inter-day precisions. The results showed that %RSD of intra—day was in the

range of 0.07-0.13% and %RSD of inter-day was in the range of 0.002-0.019%.
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Figure 1 The calibration curves between peak area and concentration of arbutin.

Table 2 Linearity results for concentration of arbutin

Repetitions Concentration (mg/mL)
of peak area 10 15 20 25 30 35
1 81.15 219.98 340.51 457.86 602.53 715.85
2 81.66 219.99 340.11 457.46 602.55 715.82
3 81.51 219.6 340.81 457.19 602.11 716.52
a 81.13 219.63 340.71 457.13 602.1 71591
5 81.38 219.31 340.12 457.57 602.18 71591
6 81.41 219.92 340.17 45791 602.12 715.55
7 81.06 219.95 340.69 457.02 602.46 715.62
Mean 81.33 219.77 340.45 457.45 602.29 715.88
SD 0.23 0.29 0.33 0.30 0.23 0.29
LOD (ug/mL) 37.74
LOQ (ug/mL) 114.37
%RSD of intra—day 0.13 0.10 0.07




Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.16 No.2 (July - December 2021)

101
2. HPLC method for ligand screening

Arbutin was collected to optimize ligand screening conditions. Results indicated that

optimal incubation temperature and incubation time for the binding ligand were 37 °C and 40 min.

However, binding ligand activity decreased as time increased, as shown in Figure 2. The specificity of

ligand screening with tyrosinase was investigated. Chromatographic peak area of the binding ligand

with the tyrosinase group decreased when compared with the chromatographic peak area of the

denatured tyrosinase group and arbutin, as shown in Figure 3.
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Figure 2 Effect of incubation time on ligand screening.
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Figure 3 HPLC chromatograms for specificity of ligand screening conditions (black: control)
arbutin after incubation without tyrosinase (green: arbutin) arbutin after incubation

with tyrosinase (red: denatured control) denatured tyrosinase.

Duration of incubation time and incubation temperature were important for enzyme
binding. Binding between arbutin and tyrosinase was achieved. The peak area of ligand binding
decreased as time increased, concurring with data from the literature (Zhang et al., 2017). Moreover,
the specificity of arbutin and tyrosinase binding was significant. Ligand binding depended on eluting
time and organic solvent for eluting ligands (Ryu et al., 2014).

Chromatograms of the ethanol extract of A. simplex rhizomes for screening of tyrosinase
binding are shown in Figure 4. Each peak area of unknown compounds in the chromatograms was
compared. Five unknown compounds were identified as the ligand binding with tyrosinase, showing

retention times of 13.95, 19.64, 21.30, 38.98 and 43.90 min.
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Figure 4 HPLC chromatograms of ethanol extract of A. simplex rhizomes (a) before

and (b) after binding ligand screening with tyrosinase.

3. In vitro antityrosinase activity
Ethanol extract of A. simplex rhizomes were investigated for monophenolase and
diphenolase inhibitory activities. Antityrosinase activities of A. simplex rhizomes are expressed as
IC_, values (Table 3). Results indicated that the ethanol extract showed stronger monophenolase
inhibitory activity than arbutin with IC., values of 53.65 + 0.80 and 138.15 + 0.96 pg/mL respectively.
Diphenolase inhibitory activities of the ethanol extract and arbutin were similar with IC50 values of

6.35 + 0.23 and 7.11 £ 0.16 pg/mL respectively.
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Table 3 Antityrosinase activity of ethanol extract of A. simplex

IC,, (pg/mL)

Material
Monophenolase Diphenolase
inhibitory activity inhibitory activity
A. simplex rhizomes 53.65 + 0.80° 6.35 + 0.23°
Arbutin 138.15 + 0.96" 7.11 £ 0.16°

Findings revealed that the ethanol crude extract of A. simplex rhizomes significantly exhibited
diphenolase inhibitory activity. Previous studies reported that phytochemicals of A. simplex fruits,
leaves, roots and stems consisted of several types of alkaloids, coumarins, flavonoids, glycosides,
organic compounds, phenolic compounds, steroids and terpenoids (Ismail et al., 2017; Nipiroon &
Vajrodaya, 2017; Kiatsongchai 2015). Recently, B—sitosterol was isolated from A. simplex rhizomes
and showed moderate hyaluronidase inhibitory activity (Khammee et al., 2020). Generally, B—sitosterol
was one of many phytosterol from plants and was a cholesterol-like structure. B—sitosterot has
been reported to exhibit lipid lowering effect, anti-inflammatory, and anti-diabetic activities (Babu
& Jayaraman, 2020). However, there was no report directly determining antityrosinase activity of
B—sitosterol. Several researches reported that phytochemicals have been used as tyrosinase inhibitors
such as flavonoids, phenolic compounds, triterpenoids and alkaloids.

Because the inhibition mechanism based on the structure of both the substrate and
inhibitor (Chen et al., 2015). The ethanol crude extract of A. simplex rhizomes exhibited stronger
diphenolase inhibitory activity (6.35 + 0.23 ug/mL) than monophenolase inhibitory activity (53.65 +
0.80 pg/mL). There is a possibility that the extract inhibited the oxidation of L-DOPA.

The conventional method was isolated chemical components from plant extracts and
tested their biological activities. This the conventional method was a time-consuming and labor-
intensive task. Bioanalytical screening methods have been developed as alternative method for
bioactive compounds. Taking advantages of bioanalytical screening method were subjected to
various bioassays, simple reproducible, rapid and targeted isolation of new chemical compounds
with potential activities (Wang et al., 2018; Zhuo et al., 2016). Thus, the advantages of UF-HPLC-DAD
in this research were low sample consumption, high recovery yields and reduction labor-intensive task.

Results from antityrosinase activity suggested that the crude extract of A. simplex rhizomes
consisted of several chemical constituents. However, there are a few researches that investigated the

isolation of phytochemicals from Aglaonema sp and exhibited biological activities. It has been reported
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that 2,5-dihydroxymethyl-3,4-dihydroxypyrrolidine and O.-homonojirimycin have been isolated from
A. modestum and inhibited nitric oxide synthase. Ql-Homonojirimycin and homonaojirimycin isomers
have also been isolated A. treubii and exhibited glycosidase inhibitory activity (Kiatsongchai, 2015).
Usually, the polyphenol derivatives of flavonoids could be involved in the antityrosinase activity.
The structure of chemical constituents depended on the types of chemical constituents and number
of available hydroxyl groups that attacked active enzyme sites (Abdillahi et al., 2011). Therefore, A.

simplex rhizomes could be contained the marker compounds for tyrosinase inhibitory activity.

Conclusions

In this study, the validated HPLC method was developed in term of the accuracy, linearity,
LOD, LOQ, intra-day and inter-day. A UF-HPLC-DAD was applied for screening tyrosinase binding
in crude extract of A. simplex rhizomes. This method suggested that tyrosinase could be binds
unknown compounds without isolation and purification from crude extract. The advantages of
bioanalytical screening method were subjected to various bioassays, less cost of solvent, rapid, and
targeted isolation of marker compounds. Moreover, the ethanol crude extract of A. simplex rhizomes
demonstrated stronger monophenolase inhibitory activity than that of arbutin. While, diphenolase
inhibitory activity of the ethanol extract of A. simplex rhizomes was similar to that of arbutin. The
results suggested that the extract of A. simplex rhizomes could be contained the marker compounds

for the development of the extract in cosmeceuticals.
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nefefiduideuuuimesesignyemnefieAnyinaziuisudisunanisiinuuumug idide
aussanmnnalnvesinfmseeandsyaulisendnu nguidhmnedutinfumngeands 9113 30 Au
wisngueenidu 3 ngu 9 az 10 au 1e3esdledilide 1) TUsunsumsiln 3 wuu léud PAS ASP SPA
2) wunedaUANATBILAATEdl) 3) LunAdBUNINd LD 4) wuunaruAIEY ARATLEIELA
Anadsuardrudsauuasgu Aensdinruulssuwuunmaiesiaind Sinsednruulsusy
wuuAeIselining Lﬁm'ms'mﬁ’a;ﬂacsﬁ’wLﬁums?]ﬂﬁgq 3 nau nIuduns Juns wazduans s 6 dUanv
wuin 1) dnfrmageaiildsunisiintes uwuu fauedewuadaiodh nduazanudy udnsinfnd
founsiinlaemnAade uazdrdosuuumsgiu (SD) 2) dnfwmaseandaildsunsiinfiunnsieiy
finuda wduazanundosunarioshliuansnesty uarlundmsindUavil 4 uasduawiil 6 Anin
rounsiineehaiiudfmeafiifissiu .05 uay 3) Uduiussemrinsguuuunsiinfiusnseiunagsyegia
Tunsiinflunnenedu Samfudssareaussonmnisnalnvesinfvneeands ndsnsfindawid 4 way
FUn v 6 unnenstuegnafitoddyneada .05

AdAey: NSENKUUAILE, aussanmmanaln, dningeands
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ABSTRACT

The objective of this research is to study and compare the combined training effects on skill-
related physical fitness of secondary school’s female futsal players. The participants of the research
are 30 female futsal players divided into 3 groups with 10 people per each. The instruments applied
consist of 1.) 3 training programs including PAS, ASP and SPA 2.) Agility test 3.) Muscle Power test and
4.) Speed test. The data are analyzed by mean, standard deviation, One-way ANOVA, and Two-way
repeated ANOVA. By collecting the data from the 3 groups every Monday, Wednesday and Friday for
the total of 6 weeks, it is found that 1.) The female futsal players have the better performances in
terms of agility, strength and speed after being trained in 3 training programs comparing to the pre-
training performances, following the result analyzed by mean and SD 2.) The female futsal players
being trained in different training program do not have different performances in terms of speed,
strength and agility, and after the 4" and 6" week of training, the performances are significantly higher
at the level of 0.5, and 3.) The correlation between the different type of training and different period
of training altogether affect on the skilled-related physical fitness of female futsal players after the
4™ and 6" week higher at the level of 0.5.
Keywords: Combined Training, Skill-Related Physical Fitness, Female Futsal Players

unin

fpwealuriaindnussnmmisildfuanuiesnduogrannluargdssmeiialan Jagiu
lan1sdnnisudadulusegdudawsndlannnglinissusesnsudsdulaganiuswaueauiunmansesin
(Football Association Singapore, 1997) Tuuszmndalneflasunruieetrann faussziuienguauluds
Uszrmumly Awmeeealdaisleidedituussmalnelussiulaninuds uagldmeniadanisugedu
1M TIENg unfeg TN sTivigfignegng FIFA Futsal World Cup 2012 fivsgimelnelésuifesd
Wudamdaniswistu fnagoaduoriniiannsairdedeazneldliuinues aseunia uas
Uszinayfsne wiuldansenisudsdufumagealdsuanuiisnlunguissudiseny 12 - 18 U 1uszeu
%’uﬁﬁwﬁﬂmﬁqmauﬁuuasmauﬂma (Limhan & Rattanarotchanakul, 2019) ﬁgwizmmmmasﬂismwzﬁq
Wy NSty naumedny Wageatihidudinmnueiuiinisfine wmsagdeiineea ey
wisi wagfndnFeu Wusy Wesmnfuiinildszeznailunisudsiulinm Wunswisduidodd
M) Anueaesivesiauidmarinliduudnayn Audy Tnslemzinfwdssaniimdsazuszan
anudaladu dosdvinue 5Us19 Anwadin wiedle wazanssanmmsmeiduliadeddueinmavea
(Department of Physical Education, Ministry Of Tourism and Sports, 2015)

aussnamnianaln Aearuaiunsavessntamedazdasliyanaaiuisauseneuianssy
mene Tagarznsiauiwléd Tneflesddsvneuded 1. mnuufauswendaie (Muscular Strength)
2. anuAaedLAa11adll (Agility) 3. wan&iie (Muscle Power) 4. anuvumuvesndnile (Muscular

Endurance) 5. anuaanuvesszuulnaisuladin (Circulatory Endurance) 6. aueausa (Flexibility)
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7. s (Speed) (Supawimol, 2007) FannsAnswagnsiaTedt aussanimmanalnfiisades
waziduduusznaudrgiuinmagea Uszneulude 1. anundewnaiiodly (Agility) 2. waandwile
(Muscle Power) 3. 7731157 (Speed) 4. Anardedla (Quickness) 5. Uisenauaues (Reaction Time) uaz
6. M3Usvanuduius (Coordination) Inediauudeuss (Muscle Stenght) iuesduszneundn figrewaun
winwesng 4 lughuasssaammanalnvesispeesldrbedu dedosaulunsnsfovprentsiuiennuddy
vosaussanmlutinfnmveadvddurisenylios q Mdutinenvuiimhdadulafiossinluduluszdiu
dluasvdefiurluowenssludnifadosinusiugnlumsduinilageatsenaulufenairdeufinussuy
Msviaunangsiod nsiadeudisenisuiiunasn nslseenss MsBalszy msdsgnuazniiadielufuuea

o A

Fadududdyidesianninfmediseiles mnmsinnmiddeildfnuiifstumsindhinneea
V'?qsmSLLasmzﬁq%ﬁmi‘E’Jﬂmﬁauﬁu Tngazttunisiln Wy muAdestaaiedh anuledh wasayausa
(Ates, 2018) 91INNTANYILAYNITIATIER JadonnsHnAuedeLaalIadl waazamiss iy
wutnlunmsiauasssanmmenaln iesammuh lumsfindeuviensutdsilufmvrmoatiu asfisuuy
Tumsspdewdilusumi dudhs nselan n1sieend mﬁaﬂisau,axmﬁaizazgw,ﬁumﬁﬂimauﬁﬁzy
Tunmsindeuuazwistulufivmnyea

a v

NnvdnmsuazivauadainaugideiinuaulafiosdnuinaziiouiiisuresnisilnTusunsy
wuumuguastinfvageands TnedTusunsaiin 3 wuu Il anuedesuadriadh wdnduiiouasenmid
Tnsuvsiindweanidu 3 ndu nonduagldsunisiinds 3 uuuuitsnauanisiy Wefnwuandisuiioy
waqwusuaqmiﬂ“@umﬁmammmwwmﬂalﬂﬁaiaLa’%mﬁ“ﬂﬁmﬂmaamﬁﬂﬁﬁﬁmﬁaLfJumsdaLa%uamiamw

menalnvesinfnnsgeanddlianuanysallasiussansamy

25013
nauthmneildlunsiteadsil dudnfmneeandaunuredssdouaetiie s1umm 30 au
wUsngueanidu 3 ngu 9 az 10 Au Usenausie 1) ngu PAS (Waa auagaeswaaiadl a21uisa 2) ngu ASP
(ANuAgeAaIIadly ANIET W) way 3) nau SPA (AMNET WY anuadeuAariath) Tneusayngu
FaasusafuATkIUNINAdeUANIATRILAR YTt lImEUUAADU Agility T-test Mntosluvnunn udidnngu
Fe33N33UA (Matching) 33endunuumanengueunsusian (Multi-groups Time Series Design) Inefiszeziian
Tunsneaes 6 dUai sudunsianarvesiLUsauneunsmaaes wasnsindUaifi 4 uaz 6 Uaw
w3aefiefildlun1side
1. Wsunsunsilnaumaesiaaliesh wasuazAMus Usenaume 3 LUy Ao PAS ASP way
spA lumsEinlusunsa yanauaglésumsiinndeutu uidwumstinlintousu srumstindusielui fe
1.1 ngu PAS 9¢fin WY AnuAdeduARIIatliLazAI NG,
1.2 ngu ASP a¢ln AnuRdesuAaddodly ALEILasNAS
1.3 ngu SPA 9zl ANusY walkazAuAdeAa el
1.4 fszezgnainisin 6 dUamt duaiaz 3 u Tdnalunisilniuaz 60 wil TneRndou

Tududuns Juws TuAns ¥ae0a1 16.00 - 17.00 w.
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2. LUUNAEDUANAABILAGIBIL NaIara11u5) (Department of Physical Education,
2017)
2.1 anuAaeIwAa1iadly Ae Agility T-test
22 wdinduile fe Standing Board Jump
23 anud fie wuuneeuaUSIluNTIe SYeY 5 WS Srey 10 WAT 5588 20 WA
NSANN YD LATD T
1. Anwdunhannenans gilelenansniddeiifsdesiunisiinuuunmugifsoaussanimma
nalnlaglivannisinuuuaiug wasiidumaulunsiin (Lee et al, 2014)
2. %y'umaumiamjus"mma fie msBamdenndaiiiouuuindoudt (Dynamic Stretching)
3. YuppuMsEeNm&InIe fe mi?lﬂLLUUﬂ’JUﬁjﬁﬁﬁiaammmwmaﬂalﬂ

TJuRBUNNTAAEEU Fip NsEAmBsANaIlawUUBE U (Static Stretching)

e

5. Uinwenansdiiuinm tiensiaaeulusunsuuuumuganssanimmanaln

6. thlUsunsumsiinuuumugfifideaussanimmsnalndmsinandisiuiu 5 viunsivaey
anulssnsadaionuaznsvaeunnuaenadosmeniasiolunsifoiiienmadeundaiod wi
uazmuy Auinguszasdvesnisiin Tasmendvianuaenadosszrinsmanandnnaniasdiensise
w38 (Index of tem Objective Congruence: I0C) warimuaAdriinnuaenndadlisingi 0.50 sl
maonAdoswadlUsLnsuNsEinRaBegil 0.80 - 1.00

nsiAssideya

1. mAedy uardrudonuuninsgiu (SD) YeaNanIsiALUUAIUGAINLAGILAGY NEY
ndanile Arg:

2. Wisuiisumnuuansinawesdiadsvesnuadesuadiiady wandundouarauiives
naumaaesiildunstinuuumugluusiarsunuy rouldflnuazndansiindaid 4 wazdunidl 6 Taold
MsAtAsERALLUSUSIUUUM e TTiniath (One-way Repeated ANOVA) 1ng/ 35094 Least — Significant
Different (LSD) lumsiianevimsiSeuiiouseg ilennaeuauuigiuded 1

3. Wisuiflsunnuuenisvesaiadsvesaundesuaariath ndindile uazeuiimes
naumaaosfilssunstinuuumugluusiazsuuuunasluusazdiesoznanwesnsiln ilednwiAufduius
yosgUuuuMItnuagszernamsinlagldnisiiengiauulssuuuaesmessia g (Two-way
Repeated ANOVA) 1ng35904 Least — Significant Different (LSD) lunsiiasigvinisiuSeuiiigusiee

\WonaaeuauNRgIuten 3

HAN1INARBILALIAT0]
aaudl 1 Ainsievianade wazaA1d@dsnuNLINTEIU (SD) YBIHANITRNLUUAIUAAILSY
NAMAzANUATRIMAITRIh feun1sin naaNSHNAUANT 4 uar 6 vesndumeaed 3 nauuaUSauisy

ARAEAZLULNIINAdDUAINAGDLARYIBL) NAuAZAINIEY 983 3 ngu neunsin Taewudn



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.16 No.2 (July - December 2021)

113

AinfBuazaidsuunATg YRRz TIAABUANLIE) YBandu PAS riounnsiin Wity 3.93
(SD = 0.43) n&ansEndUnvi 6 wihitu 3.81 (SD = 0.38) n& ASP ieun1siin iy 3.99 (SD = 0.39) ndsn1sen
U 6 Wi 3.71 (SD = 0.28) nal SPA fiounsAINWIAY 4.02 (SD = 0.38) wdannsilin dUanidl 6 iy
3.07 (SD = 0.32)

Aladouardiu o uuNInTIIUYeIRLULNINAGOUNEY YBInga PAS Aounsiln winfu
172.70 (SD = 18.44) wdansEindUaid 6 Wiy 177.70 (SD = 18.70) ngy ASP Aeunnsiln wirdu 171.40
(SD = 16.48) ndansiln &Uawidl 6 Wiy 175.30 (SD = 16.59) n&l SPA figun1sRnLYinY 171.90 (SD =
16.27) wdsnsiln §UasT 6 Wity 177.10 (SD = 16.29)

ﬁWLaﬁaLLasdauLﬁimLuummgwummﬂzLLuumﬁmaaummﬂ&fmLma";’im"l,:] UYBINGY PAS
fiaunstin Winfu 13.08 (SD = 0.80) wdsmsinduamidl 6 wirdu 12.59 (SD = 0.83) n&u ASP fiaun1sein
winfu 1308 (SD = 0.77) udsnsfin dawid 6 iy 12.87 (SD = 0.74) ngu SPA Aaun1sElnviaiy 13.09
(SD = 0.82) wdsnsiln dUasift 6 wirfu 12.09 (SD = 0.76)

Aaul 2 Nan15IATIERALRUSUTINMUUMGAEIYTnTRs (One-way Repeated Measure
Analysis of Variance) ¥09AzLULNTVIAGOUAIINAGDILAGIIDL NATAzAMET SeUInenaunsiln

'3

NAINSHNFUAIMT 4 uagndan1sindUanicl 6 veandu PAS ngu ASP wazngy SPA wasdAsIening

v o

wWiguiiguses laeds LSD NsgauauiitedAynieada .05

A13190 1 wan1sleszdenuwananduseduessseziatlun1siniifisennudy vengu PAS ngu ASP
uaz Nau SPA Iagdg LSD

STEzIIAN Anade fouEln yagEn 4 dUA  wiasiln 6 dUmA
N&u PAS
naUHN 3.93 - 02% 12%
nagEln 4 da 3.91 - 10%
NI 6 dUAY 3.81 -
n&y ASP
NOUNN 3.99 - 26 28*
Wasen 4 §UA 3.75 - .04*
WAIHA 6 dUAA 3.71
n&u SPA
NOUHN 4.02 - 59* 95%
nasEln 4 da 3.43 - 36*
NN 6 dUAA 3.07 -

*dudAgyn19adanszeiu .05
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d‘ = = = i 13 i & i
NFETWN 1 LlIE]L‘UﬁEJ“ULV]EJUF]’]’]@JLW]ﬂG]'NL“U‘Lli']EJ@J?]%LLUUﬂ’]iWG]ﬁE]Uﬂ’]’]ML?) IG]EJ LSD wu

2

U PAS nau ASP uag ngu SPA AsumsHnuandiunaenIsinduamin 4 uay wasnsENdUain 6

o o

g
galiedAyNsaianTzau .05

©

M19797 2 nan1sieTzianuuananduneguesszesnalun1sinifidonds veengu PAS ngu ASP

wazngy SPA 1nes LSD

sTezan Aady fiouln NASHN 4 §UA9 wasEin 6 dUAN

nau PAS

AouRn 172.70 - -3.50% -5.00%
WagHn 4 dUan 176.20 - -1.50*
NN 6 dUAN 177.70 -
ngu ASP

NOURA 171.40 - -2.70* -3.90*
NN 4 dUAn 174.10 - -1.20%
NAIHN 6 dUAN 175.30 -
nau SPA

NOURN 171.90 - -4.70% -5.20%
WagHn 4 dUan 176.60 - -1.70%
NN 6 dUAN 177.10 -

NINT197 2 lewlFeuifisunnuunnadusegazuuun1snageundl Iag LSD wuiingu PAS
N&u ASP Wagngul SPA faun 1sRNLANANAUAINISENGUAN 4 uagnaanisindUamin 6 egralduddny

N9ENRNTEAU .05
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A !

= a ¢ ' & ' = P '
M99 3 Naﬂ'ﬁ']mﬁ’]g‘ﬂﬂ']’]llLLWﬂWWQLUUT]EJQ?J@ﬂﬁSEJSL']a’]lur]’]ﬁﬁ]ﬂmmmaﬂ?’]ﬂﬂa@ﬂLLﬂa']']ENl’] °UE]\‘1ﬂ'ﬁqllPAS

e ASP uazndsl SPA Tagds LSD

52821987 Aade faurn wasEn 4 dUai  wiasiln 6 dUan

N&u PAS

noaun 13.08 - 23% 49*%
NN 4 dUa 12.84 - 25%
NaEn 6 dUn9 12.59 -
naal ASP

nOUHN 13.08 - 15% 21%
nasiln 4 dan 12.93 - 06*
NN 6 dUAY 12.87 -
&y SPA

noaun 13.09 - T1* 1.00%
NI 4 dUai 12.38 - 29%
NaHN 6 dUAN 12.09 -

MAMe7 3 leiSsuifisuanuuaniadunegaziuunimaaeuanunaesuaaiiadds
Tag LSD wuiinga PAS nau ASP wangy SPA neumsiinuansnsfiundanisiinduaniil 4 wagwdanisin
FUn vl 6 egnaditfudifynisadiszsu .05

Aoufl 3 uanwmanITiATIEinNLLUsUT MU UAR e TinTne (Two-way Repeated ANOVA)
VDIAZLUUNITNAGBUANIST NEazAIAaewmAaT8dly sendne 3 ngu Tunisinuuuaiugluwsas

sUsuukarluwiazYesEaEIaITeINIsin wasilenuanuuandmadeuAuAne1duT1eg Ing s LSD
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M157997 4 NaN15ILATIERANKYTUTINRUUAD IR TATI709AEY S8NININGN PAS nqu ASP

waENgY SPA

wasA LU TUTIU SS df MS F Sig.
syezhalunsin 3.11 2 1.56 261.36* <01
TUsunsunIsin 2.43 2.00 1.21 3.31% .05
syazalunIsin 2.07 4.00 .52 86.79* <.01
TUsunsunsiln
ANNARAAADY 32 54.00 01

@

NANT 4 wusveznatlunsindwaneanusiegeiitedAynisaianseau .05 uay

WU fduiusszninsszeznatlunsilinuazlusunsunisilinsauiudmaneanuisiegslidedAymnsada

o

= o

Asgau .05 uenanidmmuinlusunsunisiniuananaiudenaninusiegedidedAynisananszau .05
5&6%Lﬁumim%uLﬁa‘ummmei'msuawhLaﬁmaammﬁaLﬁuiﬂaﬁjﬁuaumaﬂﬂmﬂim fgIsNsiUSeuLiay

5788 (Multiple Comparison Test)i335v@4 LSD

A19199 5 NANITIATIENIAMLLUTUTILLULARIMYTATATIU0INES S8NINNGY PAS Nau ASP Lag

n&ay SPA
HaIAULUTUTIY SS df MS F Sig.
syezalunsin 413.62 2.00 206.81 363.38% <01
TUsuAsunsen 77.42 2.00 38.71 .04 96
SEgLANUNISEIN* 17.64 4.00 a.41 7.75% <01
TUswnsuniseln
ANARIALAADY 30.73 54.00 57

PNAITIA 5 wuszezatlunsindswasiends og1slidudAgneaiansedu 05 wag

o w aada

U a v U s ! =2 =2 ] U 1 ' v 1 ISY U
WU’)’]UQH@JWUSiZW’J’Nﬁ%EJBGL“LJﬂ’]iNﬂLLﬁZI‘UﬁLLﬂ31]ﬂ’1§E\|ﬂ3’]llﬂUE‘NNﬁG]E]Wﬁﬁaﬁl’]\‘ill‘uEJﬁ'lﬂile‘Vl'Nﬂﬂ(ﬂ'VﬁZ v.05

WuRetu weluswnsunsenawananaiulildanasends



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.16 No.2 (July - December 2021)

17

A15199 6 NANTTIATIZRAULUTUTIURUUABINIIRATATIVBIAIUAADILAFIIBIID F¥NMINNGU PAS

n&u ASP Lagngal SPA

wrasAULUIUTIUY SS df MS F Sig.
szeghatlunsiln 4.89 2.00 2.45 238.65% <.01
TUsunsunIsen 3.12 2.00 1.56 82 45
szezhatlun1sin® 1.76 4.00 .44 43.02* <.01
TUsunsunsiln
AUAALARDY 55 54.00 01

PNATNT 6 nudszuznatlunisiindwwasenuaassuaaiioshogwiidudAgnieans

o

MI5diu .05 waznuinufdunusszninszeznailunisiniaziusunsunisinsiuiudimasanuaasiuaad

Joth egelidud Ay veadanseau 05 Wwieatu walusinsunisiniuanasiulddmannuaasaunad

789k

Gl

1. wansiinlusunsuuuumugie s siinfiunnsmsiulinasoaussaniwnsnalnvestinfu
Whmeands WU naufedslidiaderesaundeuadiiath waaza s Anhieumsiin Tagvdsnisiin
FUn Vi 4 uaz dUaiTl 6 Andineunisiineedifddymnaadffisziu .05 denadesriu (Chanampong,
et al, 2019) nanianssnnmanalndudsdfyesnishadinasdeuduiiugudou e
aussonmmsnalniufienuddysomadeudvesinAnwanuirmainw winenderuiguasaissd
ilespansfiagiannduimeliiiuszansnmaan JesilugnsSeunimieslunsGeunisaey
nsfindeufin uazutlugnunniosiiiedudielfiinanududmmeduiu sudinsquaterlalaindnuw
avArnadnweggniesisaziinnsiauniiinisusisnie Inla ensual de uazaRtygn naenau
Guwwmdlunsimudnfne aefmadnuliissdusdelulusuan ssvhliindnuanivinafin
annsaUsEneu Aanssuend 4 lunsmsedinusest iuldedadiuseansnim Seeliiaunluiuanssonin
manalnfitedu

2. wamsiSsuiisulaglivannisiinlusunsuuuumugsesuuuunsiinfunnsisiuiinase
aussanmnanalnvesinfwnrineeands ngumeenafilasulusunsunisiinfiunnsieiu fanuds wisway
auagosnaaiadhliunnd1eiu nUIINGUTRNLUY PAS WUU ASP Wagluy SPA denadindslundsnsiin
§Up9iT 4 wazdnnii 6 ognalitfoddyyeadinisedy 05 FailldagliTusunsumsfinguuuylfiony

AIsaYANITaNIMTeNaln AL ndmazanuraaIraathle daanadasiu (Hattha et al,, 2014)
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naheuegewaaiadh ndndiouazanui uesiusenouiiugudduesaussanmvnanaln
Feanusaannldlaglduuuiingsd] muedewnaiedhannsainldlnensadides ndnduuideld
welown3n mudlinsindeszerdy msiinnaidensilifnaundewndiiedh ndelownsn
sflniftelmianmsiedoulmuuundesada msiindavezduasrhilfinmudmuszesdisilnalusunsy
nsasfineuadesasiiodh ndandmiilonarenudlddfanluianisiindesinlneliussgegauay
musslunsedeulmlunisilnliunntude wilvsunsumsiinwazanuniinlunsilngessiladdenia
yosnsuInduInusInsEunniiningns esnthiwvneeandeetgsening 13-15 U S1emedeioenis
dey 9 inanuuduswemnduiiolunsianneuaunsavesssmeludnvans g fulundey q fu

3. Ufdutussevisguuuumsiinlulusunsumsiinfiuanssiusasdszernatlumsiiniiunnsis
Pufudmareaussonmmnalnvesinfmnseeandgs wui1 Ufduiusseninalusunsunisiinuuy PAS
LUY ASP WAMUY SPA s18ansEindUnnsidl 4 uaw dUnidl 6 i1 3 ngu uansadueenedtdbddameadin 05

3.1 ludnszeznainisindmanennuduasUfduiusssminesseznantunsinlusunsy

!
' =

PRINSEN 4 UMY war 6 dUa NENFIREN9TS 3 ﬂajmﬁmmﬁﬂmmﬁaLL@ﬂ@iNﬁu ﬂzjuﬁaasmmlﬁmiﬂﬂ

o o

WUU SPA uaziuU ASP fldndavesnnuiEifnitnguiiegisilasunisiinuuu PAS egdiduddgnsada

£

aad

fiseiu .05 uazngu SPA fiAaAsauEIAnIINgy PAS uaziuy ASP eesdidudndymsainisediu 05
aonAdesnU (Louw, 2019) HamsITenUITansasserdunarndelawesnszuunstiniiuseavsnmlunng
elmnungaunaisdhlarndnaynsTIdisey 10, 20, 40 way 100 was Wumsinfidussansam
Tunanieszey 40 was Wiesdsvesdurtonsindelownin dwaliiinsiamunitddalutie 80 wns
nMaUSsuifieuresitnistinlsunsuisaedisunsy duanungosundriashvemngumsinndelowsdn
fiuselovivosmsiinanuonnuiuALE) f1d warnTiweednensEnIanshledu wavdenndesiu
(Namponkrang, 2020) avein1sinlusunsy wea A Tisnaseruidslunisia 50 wns neunsilnuasnda
nsEinduaid 8 vesngumaass wandaiu egnadifeddymainisysiu .05 nansiseinaul sl

a a o 8 < a ' = o =~ o ¢l o Py ¢
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ABSTRACT

Mung bean sprouts are an ingredient in many Thai dishes. However, this kind of component
is easily perishable. Thus, the present research aimed to find the optimum condition for storing mung
bean sprouts under light and dark circumstances. Mung bean seeds were soaked overnight, placed on
a plastic tray that liner with three layers of tissue paper, and kept in the dark for 24 hours. Then, 50
grams of sprout was packed in a polyethylene plastic Ziploc bag, placed in a corrugated paper box
in the absence or presence of light, and kept at 4°C; 90+2%RH and 25°C; 65+5%RH. It was revealed
that the hypocotyl lightness (L* value) of the sprout that stored in the absence of light at 4°C had a
bit changed. Though the low-temperature condition induced browning, keeping in the dark condition
delayed the browning process and fibrousness in sprout hypocotyl. Nevertheless, light maintained
more crispness at 4°C better than 25°C. Therefore, to extend mung bean sprout quality, it should
be packed in opaque packaging and stored at 4°C.

Keywords: mung bean, packaging, seed, shelf-life, storage

Introduction

A leguminous seed contains a high amount of protein and dietary fiber. Mung bean sprouts
are enriched with antioxidants widely consumed worldwide (Lopez-Amorése et al., 2006). Seed
germination to sprout is one of the most effective methods to improve the quality of legumes.
There was a significant increase in crude protein concentration, total dietary fiber content, and GABA

(Y-aminobutyric acid) amounts in mung bean during seed germination (Tiansawang et al., 2016). The
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germination process is influenced by external factors, particularly water soaking and germinating time
in the absence of a light condition.

During storage period, most freshly plant parts continue their living processes: anabolism
and catabolism. The rate of metabolism was dependent on the environmental stress factors such as
high temperature and water stress. This reactive stress was related to the redox-reaction that emitted
more reactive oxygen species (ROS), particularly superoxide anion (O;’). Plant discriminated the
harmful O;’ to hydrogen peroxide (HZOZ), a non-reactive ROS form by superoxide dismutase (SOD).
H0, will be transformed into the harmful substances (hydroxyl radical; OH®) to caused membrane
lipid peroxidation via Fenton reaction in the presence of Fe”* (Noichinda et al., 2018; Chuenchom
et al,, 2021).

After harvest, the sprout is packed in a transparent plastic bag and places on the supermarket
shelf display. However, bean sprout is highly perishable and inherently short shelf-life. Modified
atmosphere packaging combined with cold storage was beneficial for extending the shelf-life of fresh
sprouts (Varoquaux et al., 1996). Sprout generally remains stable at 5°C and reaches the lower limit
of marketability after 3-4 days. This rapid loss of quality is due to wilting, softening, and browning
of hypocotyls (Tajiri, 1979; Tonprasong et al., 2002). Under this condition, light and low temperature
are necessary to prolong sprout quality and shelf life. Light exposure showed a prominent effect on
the growth and quality of bean sprouts (Tajiri, 1985). Accordingly, the objective of this research was
to evaluate the mung bean sprout quality changing in the presence and absence of light to achieve

the best condition for extended shelf-life.

Methods

The uniform mung bean (Viena radiate roxb) seeds were soaked in clean tap water until
seed coat swelling (12 hours) at room temperature (30+3°C). The floating seeds were discarded while
the sink ones were placed on a plastic tray (28x40x5 cm) that liner with 3 layers (0.066x3 mm thick)
of tissue paper. Seeds were laid on tissue paper at the distance of 1.5 cm between each other, then
covered with one layer of tissue paper. Clean tap water (80 ml) was poured on the covered tissue
paper. This plastic tray was placed in an opaque plastic box (36x48x23 cm) and covered the plastic
box with a bathroom towel (35x70 cm) for 24 hours at room temperature (30+3°C). Fifty grams of
one-day germinating mung bean sprout was packed in a polyethylene plastic Ziploc bag (Big C°®,
25x37.5 cm; 0.253 mm thickness). The packaged bean sprout was placed in a corrugated paper box
(32x48x28 cm) that liner with aluminum foil. The box was illuminated at 30 umole m” s™ by a white
fluorescent light bulb (Silvania®, 7 watts). After that, these corrugated paper boxes (with or without

a light bulb) were divided into 2 groups: group one was kept at 4°C; 90+2%RH and group two was
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kept at 25°C; 65+5%RH. During storage, sprouts were randomly sampled to determine physical and
chemical properties as described below:

L* a* b*

L* a* b* values of sprout hypocotyl color were measured by HunterLab (ColorFlex® EZ).

Sprout crispness

The crispness of sprout hypocotyl was measured using a texture analyzer (TA-XT 21, Stable
Microsystems, UK) with a 2 mm spherical plunger, 2 mm distance depth, and 1.0 mm-s™ test speed,
and the maximum force was recorded in the Newton unit.

Phenolic content

The phenolics extraction and determination were followed by Singleton & Rossi (1965)
method. The 5 ¢ of sprout hypocotyl mixed with 5 ml of 80% ethanol was homogenated by
homogenizer and centrifuged at 1200 rpm for 20 min. The supernatant (1 ml) was mixed in 5 ml
of Folin-Ciocalteus using a vortex mixer. Subsequently, 4 ml of 7.5% sodium carbonate was added
into a mixture solution and placed in a water bath (30°C) for 1 h. The absorbance of the extracted
solution was measured by spectrophotometer (Model SP-830) at 760 nm, and phenolic content was
calculated from the absorbance of gallic acid standard.

Browning intensity

Browning intensity was measured according to Baloch et al. (1973) method. The 1 ¢ of
sprout hypocotyl was ground in 50 ml of 1.5% acetic acid and filtered with Whatman filter paper
No. 1. Then, the filtered solution (250 ml) was acidified with 1.5% acetic acid, then measured by
spectrophotometer at 420 nm.

Peroxidase (POD) activity

POD extraction was done by the following method. The 3 g of hypocotyl was ground in
20 mg polyvinylpyrrolidone, 6 ml of 0.2 M potassium phosphate buffer pH 7, and centrifuged at
5000g for 10 min. The supernatant was used as a crude enzyme for activity assay (Morita et al., 1988)
which 1 ml of crude POD was mixed in 1.5 ml of 0.2 M potassium phosphate buffer pH 7 and 0.43
mM HO,, 2.5 mM d-aminoantipyrine, and 17 mM phenol. The absorbance of the reaction mixture
was measured at 510 nm by a spectrophotometer.

Fiber content

Fiber content was determined by the following method. Hypocotyl (1 ¢) was dried in an
oven at 130°C for 1 h, then boiled in 0.128% H,SO, for 30 min and filtered with a glass wool filter.
The filtered residue was washed twice with clean tap water, boiled in 0.23% KOH for 30 min and
washed again with clean tap water. After that, the residue was dried in an oven at 130°C for 2 h, and

calculated the % dried weight of dried residue as a crude fiber.
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Polyphenoloxidase (PPO) activity

PPO extraction and assay were performed along with Coseteng and Lee (1987) method. The
5 ¢ hypocotyl was ground in 20 ml of 0.2 M potassium phosphate buffer pH7 and 0.005 M L-cysteine
hydrochloride, then centrifuged at 12000 rpm for 40 min. The supernatant was used as a crude PPO
for activity assay. A crude enzyme (0.2 ml) was added into 2.8 ml of 0.01 M sodium acetate buffer
(pH 5) and 1 ml of 0.5 M pyrocatechol. Next, the absorbance of the reaction mixture was measured
at 420 nm by a spectrophotometer.

Protein content

Protein determination using 0.125% Coomassie Brilliant Blue was carried out according to
Bradford (1976) method.

Statistical analysis

Means (from 4 replications each) of sprout hypocotyl crispness, phenolic content, browning
intensity, POD activity, fiber content, and PPO activity were compared using Duncan’s new multiple

range test (DMRT) at P < .05.

Results and Discussions

L* a* b* value

The lightness (L*) of mung bean sprout hypocotyl stored at 25°C decreased nearly twice
times faster than at 4°C under light exposure while there was not much changed when stored in the
dark condition (Table 1). Moreover, light also stimulated green color developing in sprout hypocotyl
as indicated by minus value of a* but this alteration was reduced when storage at 4°C (Table 1).
However, under light condition, hypocotyl of all treatments showed slightly yellowing as indicated
by zone ‘+’ value of b*. The germinating bean sprout is a complete plantlet consisted of epicotyl,
cotyledons, hypocotyl, and radicle. For survival, the leaf and stem of mung bean sprout noticeably
developed photosynthetic pigment (chlorophyll) to synthesize carbohydrates from carbon dioxide
and water under light conditions by a photosynthetic process as indicated by the minus value of a*.
This finding was similar to DeEll et al. (2000) since they found better freshness and whiter hypocotyl

in stored mung bean sprouts at the lower temperature.
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Table 1 The hypocotyl color (L* a* b*) value of mung bean sprout storage at 4 and 25°C under
lisht and dark conditions

Temperature Storage Light Dark

O (Days) L* a* b* L* a* b*

0 60 -1 8 60 -1 8

a4 1 58 -1 9 55 1 9

2 57 2.5 28 50 1 25

3 55 3.8 30 48 2 35

0 60 -1 8 60 -1 8

25 1 50 -4 15 53 -1 9

2 40 -4.2 16 50 0 25

3 29 -4.5 17 48 -2 30

Hypocotyl crispness

Bean sprout crispness was usually considered at the hypocotyl part. In this experiment,
hypocotyl crispness of mung bean sprout rapidly declined during storage under both light and
without light exposure at 25°C on the first day (Figure 1a). However, it seemed that the hypocotyl
crispness slightly changed during storage under light exposure at 4°C. The higher temperature appears
to affect the crispness of mung bean sprout hypocotyl as it observably dropped off during storage
at 25°C more than 4°C (Figure 1a). Nevertheless, under light exposure, the sprout hypocotyl lost its
crispness to some extent due to fiber content, and its synthesizing enzyme (POD) activity was still
high in stored sprouts under light conditions (Figure 1b and 1c), which might influence the hardness
property of hypocotyl texture. So, storage at 25°C might have had a water loss more significant than

4°C, resulting in reduced cell growth and reduced crispness.
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Figure 1 Mung bean sprout hypocotyl crispness and its relative enzyme.
Data from each storage day with an asterisk indicated a statistically

significant difference at P < 0.05.

Fiber content
Fiber content rapidly increased in mung bean sprout hypocotyl during storage under light
condition at 25°C (Figure 1b) while its accumulation rate was delayed at 4°C or in the dark. Fiber

is polymerized of phenol intermediate substances and H O, by peroxidase (POD) localizing in the
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secondary wall. This type of sclerenchymatous tissue sets up the texture toughness in hypocotyls of
a mung bean sprout. When light exposure was available during storage, the photosynthesis in mung
bean sprout occurred to generate glucose that was utilized in cellular respiration and forming cellulose
or fiber. As the rate of POD activity in bean sprouts under light exposure was higher than in the dark
condition (Figure 1c), fiber content rose in sprout hypocotyl during storage under light exposure at
25°C (Figure 1b). This incident could occur because POD used H O, and phenol intermediates to
connect monolignol-cell walls that strengthened the structure in many plants (Huang et al., 2013).
Nevertheless, at 4°C, POD activity in mung bean sprout hypocotyl went up slightly, which indicated
that low-temperature storage conditions might slow the metabolic processes of this enzyme.

POD activity

POD activity in mung bean sprout hypocotyl slightly increased during storage under light
and dark condition at 4°C (Figure 1c). However, its activity rapidly increased during storage under
light condition at 25°C. Light can inhibit the elongation of plant seedlings. Under light exposure,
hypocotyl was relatively short, thick, and elongated slowly. Auxin plays a vital role in promoting
hypocotyl elongation, and light causes growth inhibition by reducing auxin availability in seedling
tissue (lino, 1982; Jones et al., 1991). POD activity had an inverse relationship with sprout hypocotyl
growth (Zheng & Van Huystee, 1992). POD plays a crucial function in plant physiological responses,
including auxin catabolism (Savitsky et al., 1999), and lignification (Mader & Fussl, 1982). Auxin was
degraded in vitro by cationic POD in the presence of oxygen, whereas anionic POD was considered
essential in the formation of lignin (Gazaryan et al., 1996). Besides, POD catalyzed the coupling
reactions of monolignols using 0O, instead of HO, as electron acceptor (Sterjiades et al., 1993), and
participated in lignin biosynthesis. The inhibition of mung bean sprout hypocotyl growth caused by
lisht might be due to the degradation of endogenous auxin by cationic POD. The higher lignin level
was correlated with the increased anionic POD activity in a light-treated sprout (Chen et al., 2002).

Browning intensity

For the Browning intensity of mung bean sprout hypocotyl, this symptom was lowest at 4°C
under light conditions throughout the storage time (Figure 2a). It seemed that light condition delayed
browning mechanism in sprout hypocotyl while dark with low-temperature condition stimulated
browning intensity in sprout hypocotyl. Typically browning symptoms occurred in the plant after
getting the mechanical injury in the presence of oxygen. At low-temperature injury, this circumstance
could accelerate cell membrane damage and losing their permeability function by the induction
of reactive oxygen species (ROS). Leakage of the cell membrane and tonoplast caused a browning
reaction with the oxidation of o-diphenols to o-quinone by polyphenol oxidase (PPO). However, it
is complicated to identify the browning symptom by the human eye at the early time of storage. A

spectrophotometer must measure it.



NIENTIIVAYNIZUAT @vInenmansuazimalulad

128 apal o A o
UN 16 aUU% 2 (NTN1AN - 5UINAN 2564)

0.08
: —0— Light25C  —O— Light4C (a)

0.0 i —8— Dark25C —m— Dark 4C

0.06 | %

0.05 |
. b 3

0.04 | *

0.03 F

0.02 |

0.01 |

Browning intensity (Abs. 420 nm)

o

0.04
—O— Light at 25C —— Lightat 4C (b)

0.035

—&@— Dark at 25C —8— Dark at 4C

X

0.03

0.025 *

0.02

mg Gallic acid/gFW)

=0.015
0.01

o
o
=}
o

L L B I L L

Phenolics

—O— Light25C —O— Light4C (C)

—@— Dark25C —®— Dark4C

s b
: % *

PPO (unit/min/mg protein)

0 - | | | |
0 1 2 3
Days during storage

Figure 2 Mung bean sprout hypocotyl browning and its relative enzyme.
Data from each storage day with an asterisk indicated a statistically

significant difference at P < 0.05.
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Phenolic content

In both storage conditions, phenolic content of mung bean sprout hypocotyl decreased
continuously, but at 25°C under light exposure, phenolic content was higher than the other all
over the experiment (Figure 2b). Nevertheless, under low temperature (4°C), together with the light
condition, phenolic content was lower than the other during the experimental period. The phenolic
compounds were utilized as a substrate for browning reaction by PPO in the presenting of oxygen.
Under light and dark storage conditions, phenolic content in mung bean sprout hypocotyl is constantly
reduced (Figure 2b). However, under light exposure at 25°C, this compound was still superior to other
treatments. This result indicated that light exposure at 25°C possibly delayed the browning process
in mung bean sprout hypocotyl via maintaining the phenolic compounds, which agree to Bakhshi &
Arakawa (2006) found that light irradiation and temperature had a strong influence on the phenolics
accumulation.

PPO activity

PPO activity in mung bean sprout hypocotyl increased in all treatments. However, under
light exposure, this activity was retarded during the storage (Figure 2c). PPO, a copper-containing
enzyme, plays an essential role in the browning reaction in several plants (Nagai & Suzuki, 2003).
In this research, it appeared that PPO activity in mung bean sprout hypocotyl was induced by dark
storage conditions, while its activity was retarded by light exposure during storage (Figure 2c). This
outcome was related to the number of phenolic compounds, a substrate of PPO in the browning
process, in a different direction. Under the dark condition, PPO had a high activity to reduce the
phenolic compounds (Figure 2b and 2c) and induce the browning process in mung bean sprout
hypocotyl (Figure 2a). Moreover, it was feasible that low temperature could induce stress, and mung
bean sprouts subsequently released remarkable amounts of free radicals (ROS). Then, the sprouts
need to produce antioxidants (via phenylpropanoid pathway) that can be used as precursors for

many enzymes, both PPO for browning and POD for the occurrence of fibers.

Conclusions

This research focused on lighting during shelf-life, where lighting devices are already
installed but not appropriate, and this beneficial effect of increased light could be applied as a
postharvest management approach. Mung bean sprouts should be stored in an opaque packaging
and placed on a shelf display at 4°C to maintain lightness (L* value). Although low-temperature
storage conditions induced browning, low-temperature along with dark storage conditions delayed
the browning process and fibrousness in mung bean sprout hypocotyls. However, light conditions
maintained more hypocotyl crispness during storage at 4°C. Thus, the longer the mung bean sprouts

are exposed to light while they are available for sale, they will maintain their quality longer.
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ABSTRACT

This research was developed to reduce cost of gemstone heat treatment, defined as a
common process to improve a quality of gemstones, for local gem burners by using an interaction of
a dielectric material in a microwave oven which can be applied as alternative method to use instead
of an electric and a gases furnace. The objectives of the study were (1) to examine the trend of the
relationship between times, temperature, and power (2) to find out the best composition between
SiC and heat-transfer mediums. After the result was formulated, a research prototype was created
by remodeling the crucibles with SiC and the heat-transfer mediums, then heated the system using
the microwave oven. Based on the findings of this investigation it was concluded that temperatures
can hit the peak at 840°C for oxidation and 1000°C for reduction which is proved by the colour
enhancement of zircon. The final model based on this study can be practically used for burn reddish
brown zircon (collected from Ratanakiri, Cambodia) to becomes sky blue (reduction) and colorless
(oxidation).

Keywords: Gemstones, Heat treatment, Microwave, Silicon Carbide, Dielectric, Zircon

Introduction

Heat treatment is the most common and acceptable process for improving a quality of
gemstones in an international gemstone industry. This process is used in order to enhance the color,
increase the clarity, and step up the value of gemstones into the higher level. The fundamental
principle of the gemstones heat treatment process is to heat gemstones in a specific temperature

to create the partial recrystallization of gemstone structure (Wanthanachaisaeng, 2014) or to induce



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.16 No.2 (July - December 2021)

133

oxidation ion of an element inside a gemstone; the changing of oxidation number in some elements
affects the color of gemstones (Emmett et al., 2003; Fritsch & Rossman, 1987). Nowadays, the heat
treatment process has developed; in terms of higher maximum temperature of the machine, and
more accurate temperature and atmosphere controlling, to get the highest quality of gemstones
enhancement. The development of the process was started from a stove, diesel oil, LPG gas burner,
and then the most popular way at this moment, electrical stove which is able to control heating
duration and temperature most easily and stably. Moreover, the electrical stove can switch an
atmosphere inside the stove between oxidation and reduction which significantly affect the color
of gemstones.

The interaction between silicon carbide (SiC) and microwave frequency for producing
heat has been interested by many experts (O’Dwyer, 1973; Trew, 1998; Raju, 2003). In 2016, Swain
contributed this interaction into a gem and jewelry industry for enhancing the quality of natural ruby
(Swain et al., 2016). This publication inspired the researchers to simplify the heat treatment machine
from the electrical stove to a household microwave oven by using silicon carbide and crucible as a

heat generator.

Methods

Since the size of dielectric materials affects the efficiency of heat-generating interaction
(El-Razek et al., 2014), two types of silicon carbide; including grain-size SiC and fine-powder SiC, was
experimented. The powder-type SiC was mixed alumina with binder glue and alumina powder to set
as a paste (1 SiC: 1.5 binder glue: 1 alumina powder) and painted around on the top edge of crucibles
with 1 cm-wide (Fig. 1). The crucible was heated in a conventional furnace to 150 °C for 120 minutes
to evaporate the binder and set the paste as a solid layer. Then, the thickness of the SiC powder-
glue layer was measured by using a Vernier caliper. All the samples were superimposed by a bigger
crucible, and heated the system in a 2.4 GHz household microwave oven (Electrolux-EMM2016W)
which was covered the glass plate by ceramic fiber to protect the parts of microwave from thermal
radiation. The microwave oven was used in variety of time and electric power, including 5, 10, 15,
20, 25, 30 and 35 minutes, and 100, 400, 600, 800 Watts and defrost mode. After the samples were
heated, their cap was opened and a temperature inside the system was measured by using infrared
thermometer (GM1650 BENETECH).

The grain-type crucible was prepared by fulfilling gap between two crucibles with grain SiC
(740 micron) (Fig.2) by fixing a total quantity of SiC on 16 g. However, the grain-type silicon carbide
still needed to find out more information in details, such as the most effective size, then compared
the result with this experiment.

The efficiency, in terms of heat generating, of grain-type SiC was developed by mixing heat
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transfer mediums, including quartz sand, and carbon powder for oxidation and reduction atmosphere
respectively, and grain-type SiC totaling 16 g. This study adjusted the ratios between the mediums
and SiC (1:3, 1:5, 1:7 for quartz sand and 1:1, 1:3, 1:5, 1.7, 0:1 for carbon powder). After finding the
satisfied proportion for both types of heat-transfer mediums, the temperature result was measured
in the same way as previously mentioned in powder-type SiC crucible. The proportion was adapted
to create a prototype model and practically tested by doing heat treatment with reddish brown
zircon collected from Ratanakiri, Cambodia which theoretically turns from red to colorless when it is
heated at 400 °C in oxidation condition, and turns to blue when it is heated at 1000°C in reduction
condition (Zeug et al., 2018).

Finally, the unheated and heated zircons were analyzed by Diamond View™, UV-Vis-NIR
spectrometer (PerkinElmer model Lambda 950) and FTIR spectrometer (Thermo-Nicolet 6700).
Diamond View™ that were developed by the De Beers Diamond Trading Co. (DTC) (Breeding & Shigley,
2009). It is equipped with a UV source at about 220 nm (Devouard & Notari, 2009). Ultraviolet-Visible-
Near infrared absorption spectra were obtained in transmittance mode taken from 250 — 1200 nm
with sampling interval of 3 nm and scan speed of 441 nm per minute. The transmission band of
near infrared to mid infrared spectra (400 — 7500 cm™) were collected with a resolution of 4 cm™
and 18 scans. These results were illustrated to confirm the practice of this protocol by indicating the

differences of color and infrared absorbance between unheated gemstone and heated gemstone.

Results and Discussions
1. powder-type SiC
The amount and mixing composition of SiC, quartz sand and graphite were investigated
to evaluate the result temperature of the crucible in the microwave oven. Fig.3 illustrates the different
thicknesses of the SiC on the crucible (Fig. 1) which is created by varying the quantity of SiC in the
mixture paste before heated the sample in a furnace. There is a clear data that the volume 1.00 g
will create the thickest layer. However, the data from Fig.4 can be clearly noticed that the result
temperatures between 0.66 ¢ and 1.00 ¢ are much closed to each other. The result meant that the
most efficient ratio, in the aspect of economy, is 0.66 g and the temperature can rise up to 600 C.
2. grain-type silicon carbide
The grain-type SiC was also applied in this experiment (Fig 2) to compare the heating
temperature to the powder-type SiC. The result of induced temperature as in Fig.5 illustrates the
comparison between grain-type and powder-type SiC in the same total weight (0.66 ¢) and it is cleared
by the graph that powder-type SiC have more efficient to work as heat generator. However, it was
due to the fact that grain type is importantly cheaper, the grain-type SiC is more effective in terms

of industrious using. Thus, the latter was considered to be experimented in a larger quantity. Fig.6
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shows the comparison between a larger number of grain-type SiC (16 g) and 0.66 SiC powder and it
can be easily seen that 16 ¢ of grain-type SiC can reach to the higher temperature which is 700 °C.
3. heat-transfer mediums
Although 16 g of grain-type SiC crucible can rise the temperature higher than powder-
type SiC crucible, the result (700°Q) is still unsatisfied since it is not be able to enhance the color of
precious gemstones as zircon which requires 1000 °C. In order to increase heat generating efficiency,
the researchers mixed heat transfer mediums with the SiC grains. Putting in the mediums significantly
affect the result since not only temperatures are increased but the heat transfer mediums can be
used as an environment controlling agent which is quartz sand for oxidation and carbon powder for
reduction.
3.1 Oxidation environment
The result temperatures from the ratios of SiC and quartz sand are compared in
the Fig. 7. It is readily apparent that 1 sand : 5 SiC is the best condition compared to the others. The
ratio 1:5 are chosen and measured result temperatures in each different time and power. The Fig.
8 demonstrates the result temperatures of the ratio 1:5 which can be concluded that the highest
temperature from this model is 800 °C
3.2 Reduction environment
Since the carbon powder also has a dielectric property as SiC (Liu et al., 2010), the
ratios between carbon powder and SiC are separated in more details, which is 1:0 1:1 1:3 1:5 1:7, and
the results are illustrated by Fig 9 and referred from Fig 9, 1:3 is chosen to do the measurement in
the same way as an oxidation experiment. Fig.10 demonstrate the fact that the highest temperature
of this model can reach to 1000 °C.
4. Gemstone heat treatment
The model is made from crucible with the heat generator which is considered as the
best condition, 1:5 for sand and 1:3 for carbon, then test it by heating reddish brown zircon collected
from Ratanakiri, Cambodia. Fig.11 and Fig.12 demonstrate clear results of color changing after heat
treatment. In oxidation environment, after heat for 30 minutes with power 800 watt and average
temperature 800 °C, the zircon will turn to colorless crystal. On the other hand, to turn the reddish
brown zircon to blue color, temperature need to be rise higher and maintain longer time in reduction
environment so the zircon is heated 60 minutes in average temperature 1000 °C before turn to blue
zircon.
5. Diamond View™
Diamond View™ was applied in this experiment to observe the luminescence of samples

by the high energy ultraviolet source at about 220 nm. The luminescence of color zoning has been
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detected in the zircon samples. The figure 12 and 13 indicated that the temperature generated by the
SiC model does not high enough to induce structural transformation of zircon, as it can be seen from
the existing of visible zoning luminescence in the samples. Referring to the Smith and Balmer, 2009
and Zeug et al, 2018, the most effective temperature to enhance blue colour of Ratanakiri zircon is
900-1000 °C and this enhancement would lead to the disappearance of growth zoning (Zeug et al,,
2018; Smith & Balmer, 2009). However, the specify temperature still questioned, as some publications
claimed that maximum blue color would appear after 900 °C then fader (Thongcham et al., 2010),
some offered that it would reach after 1100 °C (Laithummanoon & Wongkokua, 2013), Thus, it was
readily apparent that, in this study, the zircons did not reach the structural transformation temperature,
so it might need longer duration (more than an hour) or increase the power of microwave oven.
6. UV-VIS-NIR spectrophotometer

The absorption spectrum of unheated, oxidative heat-treated, reductive heat-treated
zircons (Ratanakiri, Cambodia) were reported in Figure 13. It was readily apparent that the unheated
gemstone shows higher absorbance in overall region. The unheated zircon spectrum exhibited as a
dramatic downward absorption pattern from 300 nm to 600 nm with small couple of peaks in the
middle, including at wavelength 480 nm and 520 nm. The high absorbance in the violet to yellow
range (400-600 nm) and the releasing of wavelength in red region (600-700 nm) originate the brownish
red colour in Ratanakiri zircon. The result of zircons which heated to 700 °C with the oxidative SiC
crucible model demonstrated in the Figure 14 and 15. The data showed the more rapidly decrease
of absorbance curve from 300 nm to 400 nm compared to the pattern of untreated zircon. The
drop of overall absorbance curve after heat significantly affect the gemstone to be colorless. Figure
15 highlighted more on the details of the data. The small peaks of 480 and 525 nm in the heated
zircons data lead to slightly more color absorption, compare to the 600 nm region. Thus, after the
oxidative heat treatment process, no region in the range of visible light (400-700 nm wavelength) was
significantly absorbed, especially the low absorption in yellow region. Consequently, the processed
zircons appeared as a colorless gemstone with a very weak yellow tint. Turning to consider the
reductive heat treatment data, the comparison of unheated and reductive heated at 900°C was
provided in Figure 16. It is noticeable that the absorbance region (about 480 nm) in untreated data
generally reduced from the pre-treatment, therefore the color of zircon became lighter. Moreover,
there was the appearance of an absorbance peak at 653 nm in Figure 17 and 18. These changes
effectuated the color of zircons from reddish brown colour (releasing 600-700 nm wavelength) to
slightly blue colour (releasing in most of the light spectrum but release slightly less in red region

(500-700 nm)).
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7. FTIR
The results of FTIR analyzing from pre-heated and heated in both environment;
oxidation and reduction, provided in this study to confirm that the SiC model was practical to use
as an implement for gemstone heat treatment. The unique indication of heated Ratanakiri zircon
is a disappearance of 4072 and 4262 cm-1 FTIR peaks (Siriaucharanon, 2016). The data on figure 19
and 20 showed the vanishing of the couple peak after heat treating via the SiC model in the both

environments. This confirmed that this protocol can be practically used as an alternative process

for heat treating process.

Figure 1 Model of crucibles for powder-type silicon carbide experiment.

Figure 2 Model of crucibles for the grain-type silicon carbide experiment.
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Figure 11 The color changing of reddish brown zircon from Ratanakiri, Cambodia between
before (left) and after (right) heat treated by the SiC crucible model

with oxidation environment for 60 minutes with power 800 watts, average temperature 700°C.

Figure 12 The color changing of reddish brown zircon from Ratanakiri, Cambodia between
before (left) and after (right) heat treated in the SiC crucible model

with reduction environment for 60 minutes with power 800 watts, average temperature 900 °C.

Figure 13 The existing of growth zoning luminescence of the zircon under UV between

before (left) and after (right) heat treated by the SiC crucible model.
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Figure 14 The difference between UV-Vis-NIR absorbance between before

and after oxidizing atmosphere heat treatment (700 °C) in the microwave oven.

Absorbance (a.u)

T % T i T i T 1) T L) T & T L T L) T 14
300 400 500 600 700 800 900 1000 1100 1200
Wavelength (nm)

Figure 15 The UV-VIS-NIR absorbance of the unheated reddish brown zircon.
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Figure 16 The UV-VIS-NIR absorbance of the heated reddish brown zircon at 700 °C

in oxidizing atmosphere for 1 hour.
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Figure 17 The difference between UV-Vis-NIR absorbance between before

and after heat treatment (900 °C) under reducing atmosphere in the microwave oven.
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Figure 18 The UV-VIS-NIR absorbance of the unheated reddish brown zircon.
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Figure 19 The UV-VIS-NIR absorbance of the heated reddish brown zircon at 900 °C

under reducing atmosphere for 1 hour.
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Figure 21 The comparison of FTIR result between unheated and heated zircon
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Conclusions

The results obtained from this study can be practically used for heat treating gemstones
both oxidizing and reducing atmosphere such as reddish brown zircon from Ratanakiri, Cambodia
or used for other process that require not too high temperature as sintering silver clay. Moreover,
this result indicated a possibility to use home microwave oven to treat the gemstone instead of

electric furnace.
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ABSTRACT

Vitex trifolia (family Lamiaceae) known in Thai as Kontee-sor, is a tropical shrub widespread
in many areas, especially in northern Thailand such as Chiang Mai. The plant is used commonly in
traditional Thai medicine for the treatment of fever, headache, dizziness, cough, high blood pressure,
and pain. Total phenolic content, antioxidant, and acetylcholinesterase inhibitory activities of extracts
from various parts (flowers, twigs, leaves, and fruits) of V. trifolia extracted by some solvents (hexane,
dichloromethane, ethyl acetate, and methanol) were determined. Among the extracts used, ethyl
acetate extract obtained from the leaves showed the highest phenolic content of 297.26 + 0.79 mg
GAE/g dry extract weight and antioxidant activity against DPPH with IC, 1116 £0.21 pg/mL and 86.12
+ 0.37% DPPH inhibition at 0.1 mg/mL. The properties of extracting solvents affected the measured
total phenolic content and antioxidant activity. Their coefficient of determination (R® = 0.9155)
between total phenolic content and 1/IC50 suggested that the phenolic compound contributed to
the antioxidant activity. Methanol extract of fruits was screened for acetylcholinesterase inhibitory
activity by Ellman’s microplate colorimetric method and showed IC,, values of 30.79 + 0.11 pg/mL
and 59.28 + 1.48% AChE inhibition at 0.1 me/mL. Considering this potent AChE inhibition, the extracts
could be investigated as new AChE inhibitors with low toxicity as natural drugs.
Keywords: Vitex trifolia, Lamiaceae, total phenolic contents, antioxidant activity, acetylcholinesterase

inhibitory activity
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Introduction

Vitex trifolia L. (Figure 1), belonging to the family Lamiaceae and commonly known as
Simpleleaf Chastetree, is a tropical shrub widespread in Southeast Asia, Micronesia, Australia and East
Africa (de Kok, 2007). Traditionally, the whole V. trifolia is used commonly in Thai medicine for an
extensive range of treatments including fever, headache, dizziness, cough, high blood pressure, and
pain (Horata et al., 2017; McClatchey, 1996). Previous studies of V. trifolia crude extracts have shown
interesting biological activities such as cytotoxicity (Gu, & Jiang, 2007; Zheng et al., 2013), insecticidal
activity (Kannathasan et al., 2007), and antimicrobial activity (Hossain et al., 2001). The extracts of
both agueous and ethanol solvents have been reported to have hepatoprotective (Manjunatha &
Vidya, 2008) activity and methanol extracts have also revealed inhibition of mosquito-borne disease
(Kannathasan et al., 2011). The investigation of V. trifolia in phytochemical studies have reported
flavonoids (Hong-yan et al., 2008; Li et al., 2005; Wang, 2005), terpenoids (Ono et al., 2000; Tiwari et
al., 2012), and alkaloids (Dopke, 1962; Luo et al.,, 2017; Van Luu, 2003) with biological activities as

mentioned above.

Figure 1 Flowers, twigs, leaves, and fruits of V. trifolia
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Free radicals, produced during oxidation process, have been shown to be related to a range
of disorders in humans, including central nervous system injury, stroke, traumatic brain injury, spinal
cord injury, heart diseases, and cancer (Kumpulainen & Salonen, 1999; Shah et al., 2015). Numerous
antioxidant compounds, hydroperoxidase enzymes in human body, synthetic antioxidants such as
butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), tert-butylhydroquinone (TBHQ),
propyl gallate, phenolic acid, flavonoids, carotenoids, and vitamins E and C are used as free radical
scavengers (Barlow, 1990; Kil et al,, 2009). Among the antioxidant compounds, natural phenolic
compounds have potential due to the presence of conjugated ring structures and hydroxyl groups
for scavenging the free radicals that affect the oxidation process (Shahidi et al.,, 1992).

In recent research, acetylcholinesterase (AChE) inhibitors were used for treating the
neurodegenerative disease as the major therapeutic target based on the cholinergic hypothesis (Davies
& Maloney, 1976; Mangialasche et al., 2010). Alzheimer’s disease (AD) is a progressive neurological
disorder frequently connected with memory impairment, behavioral turbulence, cognitive dysfunction
and imperfection in routine life activities (Aisen & Davis, 1997; Bachman et al., 1992). Natural AChE
inhibitors have become the important alternatives in treatment of AD and other neurological diseases
(Knapp et al., 1994; Nawaz & Choudhary, 2004).

In this study, V. trifolia extracts were evaluated for total phenolic content (TPC), antioxidant
activity, and their correlation. Moreover, the potent AChE inhibitory activity was also investigated for

further isolation and elucidation.

Methods

Plant material and chemicals:

Flowers, twigs, leaves, and fruits of V. trifolia were collected from Chiang Mai, Thailand and
further identified by Dr.Theerapat Luangsuphabool (Genebank Research and Development Group,
Biotechnology Research and Development Office, Department of Agriculture, Ministry of Agriculture
and Cooperatives). Commercial and analytical grade solvents including hexane, dichloromethane,
ethyl acetate, and methanol were purchased from RCl Labscan. Folin-Ciocalteu reagent, sodium
carbonate (Na CO,), gallic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), butylated hydroxytoluene (BHT),
AChE from electric eel (Type V-S lyophilized powder) 480 U/mg solid, 530 U/mg protein, hydrochloric
acid (HCL), sodium hydroxide (NaOH), tris(hydroxymethyl) methylamine, bovine serum albumin (BSA),
5,5’-dithio-bis(2-nitrobenzoic acid) (DTNB), sodium chloride (NaCl), magnesium chloride (MgClz),
acetylthiocholine iodide (ATCI), and physostigmine were obtained from TCl, and Sigma-Aldrich.
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Preparation of extracts:

Plant materials (10 kg; flowers, twigs, leaves, and fruits) were divided into small pieces and
dried at 60 °C for 24 h. The powder of dried plant materials was prepared using an electric grinder
and powder samples were used for preparation of the extracts (Figure 2). The methanol extracts of
each plant material were obtained by maceration of powder samples (250 g) with methanol (1,000
mL), prepared at room temperature for 24 h, repeated for three times, and evaporated by rotary
evaporator. The methanol extracts of each plant material (flowers, twigs, leaves, and fruits), 26.95
g, 28.02 g, 54.62 ¢, and 31.09 ¢ respectively obtained, were sequentially partitioned with hexane,
dichloromethane, ethyl acetate, and methanol to obtain hexane, dichloromethane, ethyl acetate,
and methanol extracts, respectively. Each extract was performed in triplicate with equal volumes
(500 mL) of solvent. The obtained crude extracts of flowers for the hexane, dichloromethane, ethyl
acetate, and methanol extracts were 1.73 g, 1.05 g, 1.52 g, and 9.17 g, respectively. The obtained
crude extracts of twigs for the same extracts were 2.44 ¢, 2.17 ¢, 2.36 g, and 7.03 g, respectively.
The obtained crude extracts of leaves for the same extracts were 2.38 g, 1.21 g, 3.54 ¢, and 10.17
g, respectively. In addition, the obtained crude extracts of fruits for the same extracts were 2.02 g,

3.47 ¢, 2.39 g, and 7.65 g, respectively.

Dried plant material of V. trifolia (250 g)
‘ Macerated with methanol (1,000 mL) for 24 h, 3 times

v
Crude methanol extract

‘ Partition with hexane (500 mL), 3 times
v

—

Hexane extract

Partition with dichloromethane (500 mL), 3 times

v
Dichloromethane extract

| Partition with ethyl acetate (500 mL), 3 times
Ethyl acetate extract

Partition with methanol (500 mL), 3 times
Methanol extract

Figure 2 Extraction scheme of V. trifolia
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Determination of Phenolic Contents:

TPC in the extracts were quantified using modified Folin- Ciocalteu method (Atoui et al.,
2005). 20 pL each of the 10 mg/mL extracts in methanol and the serial gallic standard solutions in
methanol were loaded on 96-well plates. Then 100 pL of Folin-Ciocalteu reagent was added to each
well, mixed well and waited for 5 min. Next, 80 ulL of 7.5% NazCO3 solution was added and mixed
well. After covering and keeping it in the dark for 2 h, absorbance at 750 nm was measured using
microplate reader (VICTOR Nivo Multimode). The total phenolic content was determined using the
standard curve obtained for gallic acid. The estimation of the phenolic compounds in each of the
extract was performed in triplicate and the results were expressed as mg of gallic acid equivalents
(GAE) per g of dry extract weight.

Determination of Antioxidant Activity by Scavenging:

The antioxidant activity of the extracts was determined using modified DPPH free radical
scavenging assay in 96-well plates (Tepe et al., 2005). Stock solutions of the extracts were prepared
as 1 mg/mL in methanol. Each well was filled with 200 pL extract in methanol starting from 1000
pg/mL down to the lowest 10 pg/mL. Then, 5 uL of the DPPH solution (2.5 mg/mL in methanol) was
added to each well. BHT was used as positive control (Yehye et al., 2015). After keeping the plates in
the darkness for 30 min, the absorbance was read using microplate reader (VICTOR Nivo Multimode)
at 517 nm. The assay was repeated in triplicate and percentage inhibition was calculated using the

following formula (Aryal et al., 2019):
% DPPH radical scavenging = [(A - A )/A ] x 100,

Where A = absorbance of the control and A = absorbance of the extracts.

A graph of percentage of DPPH radical scavenging was plotted against concentration of the extracts
and concentration for 50% inhibition (ICSO) was obtained from the graph. The DPPH radical scavenging
activity by extracts was examined and compared with BHT as positive control.

Determination of Acetylcholinesterase Inhibitory Activity:

Tris-HCL (50 mM, pH 8) was used as a buffer. The lyophilized AChE enzyme was prepared
in the buffer to obtain 1130 U/mL stock solution. The enzyme stock solution was kept at -80 °C
until used. The further enzyme dilution was dissolved in 0.1% BSA in buffer. DTNB was dissolved
in the buffer containing 0.1 M NaCl and 0.02 M MgCLZ. ATCl was dissolved in deionized water. AChE
activity was measured using a modified microplate assay based on Ellman’s colorimetric method
(Ingkaninan et al., 2003). The AChE inhibition of extracts was carried out in 96-well plates. 25 pL
of 15 mM ATCI, 125 pL of 3 mM DTNB, 50 pL of 50 mM Tris-HCL (pH 8), and 25 pL of the extract
dissolved in buffer containing not more than 10% methanol were added to the wells. Thereafter,

25 L of AChE solution (0.28 U/mL) was added and the absorbance was measured using microplate
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reader (VICTOR Nivo Multimode) at a wavelength of 405 nm and monitored every 15 s for 5 min.
Physostigmine was used as positive control (Mathew & Subramanian, 2014). All the reactions were

performed in triplicate and inhibitory activity was calculated as follows (Majdoub et al., 2021):
% AChE inhibition = [(A - A )/A 1 x 100,

Where A = absorbance of the control and A = absorbance of the extracts.
A graph of percentage of AChE inhibition was plotted against concentration of the extracts
and concentration for 50% inhibition (IC, ) was obtained from the graph. The inhibition of AChE activity

by extracts was examined and compared with physostigmine as positive control.

Results and Discussion

The extraction procedures (Figure 2) used commonly used solvents with increasing polarity
order (hexane, dichloromethane, ethyl acetate, and methanol) and phenolic compounds are more
soluble in polar organic solvents. Phenolic compounds are important phytochemical constituents
which have antioxidant activity through redox properties and the hydroxyl groups in their structures
(Ayaz et al,, 2014). TPC (mg GAE/g dry extract weight) of different V. trifolia extracts (Table 1) had
high phenolic contents in ethyl acetate extracts of leaves and twigs (297.26 + 0.79 and 227.89 + 0.47
mg GAE/g dry extract weight, respectively).

For DPPH assay (Table 1), the results showed high antioxidant activity with IC_ values
in ethyl acetate extracts of leaves and twigs at 11.16 + 0.21 and 12.47 + 0.62 pg/mL, respectively
corresponding to percentage of DPPH inhibition at 0.1 mg/mL extract concentration of 86.14 + 0.87%
and 81.14 + 0.87%, respectively. BHT was used as the positive control for antioxidant which showed
IC_ value of 6.25 + 0.12 ug/mL. Moreover, the results expressed the positive correlation between TPC
and antioxidant activity as shown in Figures 3 and 4. The relationship of TPC and 1/IC_ values from
DPPH assay was determined with coefficient of determination (R%) value 0.9155 and this significant
correlation suggested that the phenolic compound contributed to the antioxidant activity (Shah et
al., 2013). However, phenolic compounds can exhibit different antioxidant activities depending on
their structures as well as synergistic or antagonistic effect of other chemical compounds combination

and interactions between compounds present in the extract (Freeman et al., 2010).
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Table 1 TPC, % DPPH inhibition, and DPPH IC50 values of V. trifolia extracts

Parts TPC % DPPH IC50 for DPPH
of Extracts (mg GAE/g inhibition scavenging assay
plant dry extract) at 0.1 mg/mL (ug/mL)
hexane 9.55 +0.52 6.06 + 0.34 870.51 + 0.27
dichloromethane 14.30 + 0.91 34.18 + 0.38 232.41 + 0.33
chtoro ethyl acetate 30.32 + 0.72 3527+ 0.97 115.02 = 0.91
methanol 27.19 £ 0.28 25.09 £ 0.86 293.78 £ 0.78
hexane 13.02 + 0.58 10.05 + 0.81 198.36 + 0.70
. dichloromethane 59.98 + 0.22 48.19 + 0.26 112.16 + 0.19
fwigs ethyl acetate 227.89 + 0.47 81.14 + 0.87 12.47 + 0.62
methanol 112.87 + 0.56 62.03+ 0.92 54.49 + 0.79
hexane 36.12 £ 0.08 55.86 £ 0.65 71.38 +0.42
dichloromethane 160.08 + 0.74 61.46 + 0.29 39.01 + 0.18
eaves ethyl acetate 297.26 + 0.79 86.12 + 0.37 11.16 + 0.21
methanol 172.03 + 0.83 75.38 + 0.97 1597 + 0.85
hexane 6.96 + 0.57 146 +1.12 >1,000
. dichloromethane 3521 +0.18 11.75 + 0.30 253.21 £ 0.16
fruits ethyl acetate 24.20 + 0.75 3.55 +0.95 411.25 + 0.87
methanol 16.97 + 0.26 9.75 +0.79 610.42 + 0.54

Note: Values are expressed as mean + SD (n=3). IC,, for DPPH scavenging assay of BHT (positive controls) was
6.25 + 0.12 pg/mL.
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Table 2 % Inhibition and IC., values of V. trifolia extracts for AChE inhibition assays

Parts % AChE IC50 for AChE
of Extracts inhibition inhibition assay

plant at 0.1 mg/mL (pg/mL)

dichloromethane 21.01 = 7.87 870.48 + 9.79

leaves ethyl acetate 36.75 + 3.03 230.21 + 2.84

methanol 42.94 + 6.29 245.83 + 5.93

dichloromethane 13.92 + 2.94 527.02 + 1.95

fruits ethyl acetate 50.40 + 0.97 77.63 + 0.97

methanol 59.28 + 1.48 30.79 + 0.11

Note: Values are expressed as mean + SD (n=3). IC,, physostigmine control for AChE inhibition assay was

0.11 + 0.04 pg/mL.

The AChE inhibitory activity of V. trifolia extracts are shown in Table 2 representing
the percentage of AChE inhibition at 0.1 mg/mL and IC,, for AChE inhibition assay (ug/mL) from
dichloromethane, ethyl acetate, and methanol extracts of leaves and fruits. Other extracts are not
shown in table 2 due to the IC50 values >1,000 pg/mL. Physostigmine was used as the positive control
for AChE inhibitor which showed IC, value of 0.11 + 0.04 pyg/mL. The only methanol extract of fruits
showed the potent AChE inhibitory activity with IC,, value 30.79 = 0.11 pg/mL corresponding to
percentage of AChE inhibition at 0.1 mg/mL expressed to be 59.28 + 1.48%. From approved drugs for
AD, galantamine and rivastigmine are cholinesterase inhibitors derived from plant alkaloids (Nordberg
& Svensson, 1998) and some alkaloids from dried fruits and leaves of V. trifolia were reported (Dopke,
1962; Luo et al., 2017; Van Luu, 2003). These results suggested that the extracts have the potential
as AChE inhibitor. Further isolations for new AChE inhibitors with low toxicity from these extracts are

necessary for the investigations of natural drugs.

Conclusions

TPC, free radical scavenging activity, and AChE inhibitory activity of V. trifolia extracts varied
according to plant parts and solvent polarity used. The ethyl acetate extract of leaves had the
most phenolic content (297.26 + 0.79 mg GAE/g dry extract weight) as well as the best antioxidant
properties (IC50 11.16 + 0.21 pg/mL and 86.12 + 0.37% DPPH inhibition at 0.1 mg/mL). There was a
significant linear correlation between total phenolic content and 1/|C50 values from DPPH assay due

to the phenolic compounds were a major component of antioxidants in V. trifolia. Additionally, the
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methanol extract of fruits also showed inhibitory activity against AChE enzymes (IC50 30.79 + 0.11
pg/mL and 59.28 + 1.48% AChE inhibition at 0.1 mg/mL).
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ABSTRACT

This academic article describes the theories related to energy gap, p-n junction, electron-
hole and absorption mechanisms to generate solar cell electricity. Basic knowledge of quantum
theory, charge movement with the Fermi-Dirac distribution function in statistical mechanics and hole
flow result in the diode equation used for finding solar cell equation and net current. The simple
method used to determine the efficiency of the solar cells can be determined by the percentage
of voltage obtained on the energy of the photon calculated from the maximum solar absorption

value in the visible light range, which suggests that the efficiency of the solar cell is about 20%.
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Aeidaunsyan (greenhouse gas) vaslanfiguusstutudanvamdnfofemsvoulasonled (co)
Anidlu 82 Wesifust (Foer, 2019) vosfaGounszaniilinanianssuvesnudlasauluanangnamnsy
nsauwey wazmslglai nsmgafiiZeunszanazdesanUiinaiwansueulaeenludfiuaosaani
Tngannslindsoilwihanuvaatemddlnsden (petroleum) Waefauaa (biomass) wagsiiunsldngea
YAk (renewable) Mnuviasdomdsiiduiinsiuauanden iy wiauau (wind energy) wazndsnuih
(water power) 1usfu waduaseniing (solar cell) 1ugunsalunasindnlwihilladsunnudengs wesn
nalnnisudsmaanuliimesasoringlineliinieasusulaeenlys waduaseiindieumilouwmas
Adlaliihasiisovuudusessefitdu (pn junction) wanangunsalfasiiliih (semiconductor devices)
iielfivasugundsauuaseiindludundsnulainlagass :ninganisaimesunnzlaniou ndsmuwes
Tan uazamedluazend PM 2.5 wadkaseringdsliiduniunumemiuitnisdu 4 fasiduumsmdamdsany
dwivliulusmamndeutunsnsvasuiarmsussgndltasiaiih lugausnueamsdunusesseidu
Fimsiauenammeaeaiiefudunguiifindneiimnd awilisavaudidaasfomalulagivity
thlugnsuTanes (transisto) fusnveslaniiansnsavenslulinléff ddusdnadlinasnaaainia (vacuum)
yualyyuasAundanuliiun dagtundsruliirannsaarsiuldlnensannuaserfinddongud
nsgandundsnuuasingasieiniamsadudidnaseu (electron) senlulusnanieluayannia
Fadunamainusngnisaililndidnnin (photoelectric effect) WilwansfadninAnusundouludin
(electromotive force, emf) suaUsan 0.5 Taadt Fadussdulniinaasdadldanmmaaeudasta
Usenn@ameu (silicon, Si) Tlunuusesseiduresdawa o8 (Russell OhY Tusmisd a.a. 1940 (Kruangam,
1992) usaindouliiivensasionnusisweausaduliin WusaliAnnilumstmuszqadouinsunils
sovvansaslifinUsumilounsuadeulinunaviliAnnsinavesnszudlnih dwduisnmaiielunis
95UNEVuLaUNSsuveude (band theory of solids) fieaninlasaasnauay (band structures)
fauandlunmd 1 Amuslsiuaundsnufuaevidouauniaud (valence band) gniuassiedidnmsou
(rdfTsumiloudidnasey) vagidundadomats q Wluwaundsnuiuudeuaunisiilnih
(conduction band) nefauaundanuidlignivessedidnaseu fufiinssswinsisaoauaunday
Boni1veainannundaanu (energy gap) seiundanunszduiidndulunsinlibidnnseungaoonain
wuszaauluagluanugnsedu (excited state) luszdutundanugs shlvigdidnnsoungroenanitusy

I3

TAaus (covalent bond) wagtldsudumdidnaseu-lea (electron-hole pair) Fenalndananviilaiiin

U

A5t
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A7 1 1ASIEIUAUNEGNU (energy band structures) YaeianaUIUKAL ARG

q

(AatUasann Panyakeow, 2014)

Tassaauaundsnuvesaudu (insulator) anuzndsnuvesussgluauiufigamgiivmieusius
ﬁqmwg:ﬁﬁméLSﬂmauﬂu’wmmagﬂmmuwﬁmuﬁG?Wﬂ'jﬁiaSemd'umunl,awﬁ nﬂamusumwﬁmuﬁ dénmseu
fianumuuiugs ldanansoedeuiild dedudsliinsilviluauu Satuluanuounieudfeunusuuy
Andgsndn wounsihlwil) Zelsifilvan (oad) Adugunsal woumnhlafigndusiedesing
KOUNSINU yNaUILiivuagesawaundsnun NN nvaeslanaseuliad (eV) fmegnagumes (diamond)
U I UNS 1 UUTEI 5 eV ﬁqmmﬁsﬁ"’lﬁaLLﬁLLﬁiqmwQﬁﬁm Sidnmseuiouniauaaslianinse
WMNEUNTEHU (excited energy) liannneainnissuiuvetesmes (atomic collisions) ) auaunsanszlan
Fralluaaunsinlaiilg faiuddiisidnnseuluwausuuudmsu dilin silmeslaianunsailaih
nsdlansAsnthiinuldnniigaivu Fareunasimeduniden (germanium, Ge) nuiidilassaiisunundaany
TnalAgeiuauIL WATUIAYDIINLAUNEIUTRENIRUIU (S| Usslad 1.1 eV uay Ge Useaad 0.8 eV )
(Kruangam, 1992) fauaufeuiigumgivesdsindsnumnneiiazyilviornomfnnsvuiuuasnasdu
Tdidnaseuuidnndeuiiluduaunisilviihduuy vlvddaeunaswesundouaunsaslaile
Msiadeuiiveddinaseudiunidslunauiuuuiazyhliflanugndusausuasiiamnsariliiinns
il laeae ﬁqﬁumiﬁqéhﬁwzﬁ'ﬂ%lﬁﬂéf&"1EJWaaumiLLaza’mWsaﬁWVLV\IﬁﬂvLéfaﬁuﬁqmwgﬁga

ansheimilasunsinuunedreeiiosuistuaunsathuranduswaduaeindludmndyd
AldpsandesinsaundnursudraaulnesialufidUsyann 1 eV (Kittle, 2005; Knapp, 1996; Kruangam,
1992) yhlsidaneuniere sunioulilvauuiiauysaiuuy magnnsduseaudouiiguvniveaztieli
§L§ﬂmausumazmammﬂa'au%’wmimﬂﬂaLmuwﬁamu“ﬁuwagﬂmmumiﬁﬂw% wazasandeuiilietdase
fununaihlaih Sslunindusundsiivdesdidnaseusenlvanianmmadidnaseudofnteshaiiiiuss

Duuintuluwauniaud Fadeniilea (hole) lewindianmseuraneenaninsiasnozneuUSeumiioulsyy

AameluTulaniiendn (crystal lattice) visdidnaseunazloavziinalunsihinihvesansieng wWisuwmileu
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T8a (Uszquan) indeuilnngldnisnseimesauuliliiluienismssiudmiunsiedeuiivesdidnnseu
(Uszqav) Lﬁlaﬂmﬂﬂﬂigﬂﬂﬂizf\}anU%N%’]EJﬁL‘Viﬁauﬁuﬂ’]ﬂ?iﬂ‘i%ﬁgUﬁﬂLﬁiJlUWWU’J’l Fsannsodumuinis
¥insivavesnszualifininannaiedeuiivedeaifiuszquaniumeduan nalnnsthlaiuuud
L%'&JmfWﬂﬁﬁ’ﬂ‘V\lﬂWsuadaﬁﬁdﬁaﬁ’m%qwé (intrinsic semiconductor)
fansAssahunwiaiidegnuasudrazviiliaianuduniumadlwiiandasitlvinssualua
I¥iedu (Kruangam, 1992) L%'&Jmmﬂgﬂwmﬁdwamwﬁﬂv\lﬂwwé’ammm (photoconductivity) Liauas
annsgnuansiaiat Sidnnseuluiiusslnniaudvosernenazgniveenuiuazivdelea Sidnasouild
Uszqavaridluminuin Tuwasileasnedeulumidsaurlmananisivavesnssuatu wagnisiinszualva

v - O P & o o = ° v < ¢ a o v o
191\1']EJLGUUUR]QVHSLWVSWVS]T]NW’]UWqumaqaqiﬂqmquqa@aﬂ ‘ljﬂmu’ﬁﬂuﬂﬂﬂizEgﬂi?ﬂ.“mﬂumaaLLaﬂm‘V]GIEJ‘WlWL!W]

Ao o A

wlamdsnunaadundsauliih diddyiandmiuwaduateriindfeuszansnm (efficiency) fldawn

o

o

YD9wAaLaI01%ng (Kruangam, 1992) ﬁfmuﬂis%m%mwazqﬁuﬁ‘aa q Wunasnannisinlananudusiug
szuienszuanasusauluan miiwadsnendsnulnihlédmuduiussinanyhlfAnaunisveswad
waso9ing (Panyakeow, 2014) ﬁ;mﬂizmﬂ‘%aawmmﬁ%ﬂénﬁﬁﬁmidﬂaiuﬂWiMWUszﬁw%nﬂwLLaxaumi
YeawadlATDTingdaneULUUNANLAEY (monocrystalline silicon solar cell) Tneazdiasevinguidfay

Tug19n155UAUNITAUNUAAWEIRTINE

Lth)
MANNNTYINNUYDITRRLAITIngTRABULUUNENAYY 9 1dEN1sRANFUNGIUlHAgY (photon)
YosuaDfindlagasnadigl nssurunIsgandundsulnnouveuauunilsiiiatuife n1snsedu

I3

didnmseunnuauiaudluduaunaiilai wieutuillsamdedsfluouiioud Tnseuniegdidnason
warlen MAnTutagvimihidunmedszgladn (charged carrier) dnfuinssualilvioly Gsdunoud
sonafeldihiimadsusundsnunandundanuliiugs dunousoluife muendidnnsounarlea
sonnfureufioyniaisgazsiuiu (recombination) Higanmvauna nsusneynasdannsavile
Taon1sadrssesdefitu asfainiuiqnsiivhnsldu (doping) Fsemesvessiniifiniauddidnaseu
3 ¢ 1wu Tuseu (boron) uazEenluseuinduansidevu (impurity) wisezmenmsudldnaseu (acceptor
atom) Fausiazeznoulusourindidnasey 1 filegsiliiAntusefuddaey dnuasuuudiFends
Pndidnasounisiuuisumiioufitesirainduluiusy vliiinlsadiuiu (extra holes) luuay
niaud esnileadiuiuiadenarsieiiuuuiing (p-type) iuwmzﬁaﬂﬁﬁaﬁaﬂﬂu%qw%(ﬁﬁwmﬁ
Tiusheezneuvesswidiiauddidnaseu 5 M Wy endleln (arsenic) uazeneswininansdetuvide
ozmoudlViBidnnseu (donor atom) AwiAstuAedidnmseu 4 sazgnliluiustlamaudvosuandiondn
Tuvauziidnvilsdidnaseuiiviosfudasy nanfeasdovulididnnseusnnninfiuauiiaudazanunsa
HUlF warBinnseunilwhiivdefazdostuluiiuaumathnanedudidnaseuilwihdadulunmumdnns
Anfureanna (Pauli exclusion principle) wavEenansiin anstssathuuudulnd (ntype) waeiisidnmsou

A15UNEIUNY (extra conduction electrons)
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Tunsiaumaneluladiieadssessdefiviu a’liﬁﬂﬁi}ﬁ’ﬁ;l&dﬁmLLUUQBQﬂﬁWIﬁaﬂﬁuLﬂumgﬂ
pnfegaty fudieveEn (ptype) RaIsanusarezneuiifuazdeanisfuniledidnnsouniniusy
frafodunaniiondn AsiAndufossnouiiuasnaeiiulessuay (negative ion) Fsguilouneifud
wazldloa (nmgdhann) Ssqiloundeudiluim luvasfiduanveswdn (n-type) fimrsanusazozmey
flaznanaiulessuuin (positive ion) L‘U'%EJ‘Umﬁauag}'ﬁuﬁuaﬂé’&ﬁnmau (Wngdnaun) wdeud
Ut winisdnFesliannsogiiuudulduiy meeillsauasnsdwsostodluiiduunvesdn fdea
sgnuiudidnaseudiuiuiioriudiiy TuhueadenduiuiBidnaseuardusessedlufinisiudie
vowndndazgnivlnslen Fundoudlessuuinuarlossuay (Uisumileusgiuil) Tulndtusesdeiiidy
Bmstusesseiidumsuninszae (diffusion) vesdleauazdidnaseuluficnimssiudng asunafiiniy
Mnmsadisesrefidy Wenszurunsunsvesszqiindouildfsgnauga nsrufiiuvedleauas
3idnasoursiliiAnuinauau 4 fisesrevesiiudisuazdurvendn Judeninunlasanive
(depletion layer) wsnzravasmssusaty vnldanvasawmeliiiisloauazdidnnseu usdasiclooou
vnuarlessuauusdnlifiusnmusesse luvariiiawauaeanmed faviineussdindseninsessie
\esnnloseuuinuisdiumsiiurinuaglossuauuisdiuniesiudie auunfnanusiadngsening
sevsoveniauliihmelunieaundusta (contact field, B) auwduiaiiaziiinnweitezyinliles
wazdidnmseunvzdnann ldansandouttusessofidu Wisumilouiidun (hil) uguassaumsdy

loawazdiannsould aaanslunini 2

NEUANG
WawnUseauan
4 I3 6
.. sudulngd
P n
E
E [

3

Wedidnduan V aannneuen

SAATDUTOAD

27 2 seeundanuvedlaanusnaseusamusuluadLaIR N gTaAURUUNENLRED
(fiauUasann Kittle, 2005)
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Uixﬁw%mmamaéummﬁm56?15ﬂauLLUUNﬁmﬁa’;%mmﬁaﬁaaﬁuaQﬁudauﬂizﬂauaawixmi
shefu Uszmsusnlsun anauiivisitdndvesansiasnhimisnussAvgidumaduasefinddsazdosannsa
ganduuasefingldfifuusznisusn namAeazdosdidnuurlnssairsuazdorinanundsnuiimngay
TngnuiansieihimngdmiunsussAvgifumaduaterindazdosdvesinsuaundsnusening 1
19 2 eV (Kittle, 2005; Kruangam, 1992) uaﬂmﬂﬁwmwis@lw%ﬁLﬁm‘ﬁu%éfaaagﬂﬁmuwal,l,azm?iauﬁ
167 dhudsznevusznisiiaesdio dnuugniseenuuugUnsalansiesiniiagfesaninsonenmvgUseqlwih
fagoanaintuldd anudumumelush arannsadmdnuliiliuigunsaififenudunuresis
euenlaviug

dmsuTBnsiilunsmusravinmuazauniswadiasoring@aneunuunaniaen fiouGudu
shemsinmmsindeuiivsziledilidouussiuliihanasuenlifisesessofou Ssmuinmnumunuiy
e wInUsElaannsussendlifendunisnszaensid-Ausn (Fermi-Dirac distribution function)
Tunamansi34adin (statistical mechanics) vasansAsiathilandudadiuiuunniaes (facton) fsamunis (1)

(Kittle, 2005)

¢ %5 (1)
eP kT

lng?l G Aovwinvestorituaundsnu T Wusamaliosnduysal k Aerasivesluadedull

(Boltzmann’s constant) uag e Aauszqlnih (electric charge) 91na@uNTT (1) UBNIIAMUNUIMULTDS

v v
= 1

Sruuvsztuegiugamad (1) wumesdesiuaundany (G) whitu uaglifufussfundsnuvesans
3o (energy levels of dopants) fstugunsaiansisinihdsifniia sndegratu gunsnitaneuiida
rfmvesgumgimahaugsnheunsaiesimdoniemnndaneuiiitorhauaundsnumnninee fundes
dwsumaianilugugwaduaseniing frdoaiuamumuntunme (carier density) vasansidotud oy
Endeglususuaun 10° wWeddudlaetmiin (weight percent wt%) %ﬂgﬂﬁ’]L%’Wlﬂiu%éﬂauﬁaaiﬁﬂ']i
unsTuigaumndiuszana 1000 ssrnwalos ansifevuiilididnaseuldine shlinshlviinduuudy
T (ntype) el n 1191A197 negative lunsdiildansiFevulsunmveuiudidnaseuaglvinisilng
Duwuuiilnd (p-type) Toedt p 1191nf1 positive Fregratu Faneudeiuseld 4 Wuse Lﬁagmﬁmﬁw
wleanlo3a (phosphorus) ¥iliAnansAwtuuudy withgnifnseluseu (boron) ieansmy (arsenic)

A lAANaNs NI IMUUR SEAUNSIUURIansiiaUumatnanaldluning
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(AAwUasaIn kruangam, 1992)

dofansanfehumimessdundsnumand astsiiuuuduazdsUssanElusnunisiilah
TusaizfansAsihuuufiasfulssganuauniaud Weteuussiulalihanaeuenliiusessefidu Inels
Fliuannuunmes (battery) snsiafiansiasathuuuf waglvirlihauanuunmesinseTiansiing
wudu AsiAntuelaauazdidnaseuazlifunnuduaisanauulihneluiondnios (aualiit
meuenlévindnetuauniliinagly) deisuivauiwesmsindeuiivuugu Sidnpsoudaduwmednann
(majority carrien) flagluansAsnthuuuidu sxgnussfuuaniliudasfsiniuuufigadnly TuvasiReatu
Tsadadumvzdrsnniiegluasisiahuuudl szgnussfuaumailsansisiiuvuidugadnluwuiu
osmnleaiiusyquinuaridnnseuiiussau wiszaraenadouilulufirmensstuduuslsinssualai
IWluiemadieaiu duaviliiAnnszudlnigns () nardwsessiofiauludramii (forward-bias current)
wagsiulvan dazuansliluauns @) WosnunAnaunilaiihagluuinasesdefiduToumiion
dun Tngduasisihuuudusumilouiuendnduinuassuasinhuuuiiuioumiioudun

& [

Andau AalanslunIng 2
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wadlasefindviandniedaneuldannnianstanounmasuaraslumgumnigeszana
1500 arnwadua niouduldasiiovuneanesa (nszurunsunsduasievy) wWevhlhiAaudnuuy
Bulnd udwiliAamsdusisusiudundndesaediondn (crystal seed) fiianunsiifivedaneuman
Frzanudnivwenihdalvgudares o RauviwEniitud 9 PNAMADN ANDNTINTIURIVOINENILLR
ranerlugunsansyuen TnhwiwEnaiudusiuung o feaedamnes Seaslfuundnuuuidulnd
winhuuessuialasnstalizeuiiioangnunnieaiesanmsianeutluliy (doping) Tnelvinauieu
fsunilaesurundniiteliganduasdovuluseudiioviviliAsansuuy finditefiagliiAnusense
fdu nduhldidaliihdusuuuiindifusaefindlidainiuuuladuiavin deeldidudalun
ITO (indium tin oxide)] (Georgieva & Ristov, 2002) dusuansdnuuusulntduda i wuulans

v v Y

@ o I3 7 o & ' = o o < 5 = v v aa = 5
WuTau Laﬁﬁ]ﬁnﬂ“ﬂuc‘]E]‘Uﬂ"]ﬁ/]W‘UQ\LWﬂ"IWUQqa"IiﬂQWQU"ILLUULQUIWﬂﬂJﬂqEIGUMUWaQJNaﬂUﬂqusﬂaﬂQUWimU

< [

Selunirfuududaaeuiindazunannlussduluasou Weldliiasasiiounduinsesdofiduasaquiie
Fudaneulaoonlys (SI0) Tnouaseniinddosrindu S0, waztuFanouilnddnluiisessefidunuas
seluagRansannisndeuiiveslsaiusessefiiu Qunsdifilifivaserfinddowarludawlvii
MeupndnAseusaysie) Invguiwimantnivesundinad (Maxwell’s electromagnetic theory) Buiinsa
(integral) vasaulnideirsomusaunmeluudnasessefidy wwlvranusdndseninudnmems
wuusdulnduazansuuuitind (potential difference) 1u U (Dejanakarin, 2011) Teaazunsanasiesai
wuuiilufsfurvessessefiiulaedtiuisumileufunisiuduiumn (é’i’ﬂémﬂﬁagﬁqa’ﬁﬁqﬁaﬁwLLUU
Builosnlessuuin Tuhussdefulealusuansisihuuududuzunslugvndnevesseedemisu
TagTBssumileutunisineasaneeniduvesdinguiniiegiansisthuuudu fannraunannuieu
nszudbitihvadlea ananshssmiluensisiniduasiaihtunseualiihvedeaanarsissninby
Ui fuiueuiiofasiudaidiunlddsdodingrnuiiiome snalsafiaunsodnuiulus
gantiurn lnganansamiianndsn1snenacmansiieai (statistical mechanics) auassAanAndsadiu
(fuwn) Tumsiusesreaztsanainuiiazsduresnisdsiulranlulsasineendetads exp (eU/KT)
Tagl U fio Aanusindndilosnnaumnigluuinusesdefiduluannzaugamiuiou esannssus
Yo4lga (‘wwwﬂwﬁﬁwﬂawmmiﬁqﬁ’aﬁwLLUULSu) wasufnndusulUs LR waznsvuavedlea (WvzUseq
FrannvesansREuuUR) wdsufinnduiiluguduiswinty dafunssuanadng 1=0 Wesnnszud
Meapsdifiemanssiuduusvuaiiiy iWelsnsieluunanui Jeulaamenginssurvedea (v
Fradesluarsisiniuvudulnd) fndouiluduaisfsitidurunseiailonaunfwenduwiuay
wiouflaglvaannanidunnanedunszua I awavdnigidoulialanginssuvedsadidunmednann
Fuashsiissdniue (dsnudng) sesdudulingann q aulsaisduiitududumldls
fazlsifinszualwitwiud Tuasileailefuduliindunn mdsoudnd) vawuduasiiagailafin
Teailsiuduiflenaiiozsunsuegilunnlduagnionfiaglvaamnaniuinanedunssualwilviud

Feanansahllduselonils MmuwvmuarnaanBand Awunis (2)

|, ~ NP (fhudw) = NP (fuil) exp (-eU /KT) )
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Tned | Aensvuavedlsa (wmezdsyginalen) nauduluaun (Falslldaranudneding v aan
meuenuasdilifiuades), N (Fuil) Aernumvuuiuanuzyedles (wmgdszadrann) luduil was N
(Fudy) Aornumuiuiuaaiuzveasiaa (MmeUszadnedes) lusnudu

Falufiasannsalldmnnumadng v anmeusnsnaseuuusessefiduiietivanaiausiig

@

#ndann U du UV dunuan UV asluaunis (2) aglinszuavedlea (mvzUszqdnedon) Inaandudu

(%

TUeui deasauns (3)
= N (i) exp [-e(U-V) / KT] 3)

Waun1s (3) aveenatnaunis (2) azldnisluavenseuagns |, (forward-bias current) r1usod
U a a a1 v
AONLOULAINIANNT (4)

. . I [exp (eV/kT)-1] (4)
duns (4) Beni aumslalen (diode equation) u3Ensheuasintunaneudlaluisan
11 nMsvhaneauihfueinszuannduilususuazandusulUlsii e laeldussulnianeuen
(V) aseulufiseedefidunarduduusslovilunsmauniswaduaeniing (solar cell equation)
Jnaun1s @) dle v > 0 udInslnavesnseuagnd (1) suifiuTuagnesiags Wewnan
ns9eussuluimiuasBennssuaRiutunudn V > 0 9nssualudranth (Forward-bias current)
walunsdifidves V < 0 ﬂisLLa%Qﬂﬁi’ﬁmHﬁ | Feflvurmsniinszualudranii annaunis (2) wansliidiu

a

. & o & a : & a X ad o X
N |O uuuﬂmummqmmmﬂu exp (-eU /kT) Iu‘UiL’JmiaﬁJ(ﬂ@ﬂiﬁLLﬁVN‘Vill(ﬂf\]%LWN‘UUWW@JQ@JMQNWLWM%U

Y

o aad '

ueanaNUtY §3iiign159188n3snllsidAguinlunisvinatsavniuYesn sELaInA U
Tumuduiazanaudulumuiinfenisdesuasefing lUinunisvessesreiidu (luunanuiiiaisan
WRWENIAAURNTULEY) dalufansunsainasnuvedlnneu (photon) MN1NNIIANNINVBITDIINHLAU

Wi Wewadgandunateriindazyiliiinnisuanuaesdidnaseulivgaeanainiussluansiadiai

'
=

Fazdunslliududuedidnaseunaslaaiiinannisnssiulneauieunonmgiviesfinnsandiinaseu

'
a

ffandudnnmenuduressessouarlsafifiuifudnumeduiivessosetunuhduesdidinaseunarien
fifwdudnndudaunaduldandemniwaumemnniududouasdsidn 4 vessuaumngUssgliih
Hranndifiegrounds ueglsfmuleaiiiufudumsnuiduasdinnsouiiianiudumsud
annsavilisuszgnmednsdeniiudulfetranninsedsdifeddguazuninszasludisosdeudn
Inansnniunilsiuduiennuiiedsiifiutwilinssudlsanndudulusuitafumnnduiud
Bonnsrvrunisiiinszualaitlvalusasuasimdseulni ludusumieutuuunned aguldi
nszualeannduduedouilumeiuiivaruinainszualsamdandoufieanluandufifivefuaelm
wliuinaduduiiliiian femgdfaunsotadusaulninszsuanssewisdataaedls fafy
dosewaduaseniindiinfuieiodldluiinu vaoaln uewmesluihnszuansafiazdnszudlniingms () lvalu

2935974 9 191 sleazuansliluannis (8)
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diefiansandemnudululdlunsmanniswaduaseniinduaznssualuihgns () wuinszua
T finduariuegiuAnnuaing (Luminance, L) Aavuadnsdiviae Shiu “Sadsemsiauns W/m?”

MNTeuANUTULaTANUEINveEIRsulafsaunns (5)

ICC = oc(T) LS (5)

'
R Y)

g9 S AoNURINAUNANULES . AoUsunauaandInUURURFuRaRULas waz oc(T) 1uen

a o

fuuszdvsTusgiusouns (lnTan) waznduuedlnaeu (Kruangam, 1992, Schneider et al., 2020) i1

U q

v ¥ '
o A o

USnauasiiandsannuuiiuiidudauas () Sdwnnfuuddmnunmeyssliihignaiisduannsnse
qulaoueaseniing () sgfiriinunulms lnefimuawaduasoriind@anouuuuninieaumulddsuds

Adalwihnszuansi () Fadunszuaiiinanuas lnedevuusgivsesseiiidu (alen) Awandlunini 4

|
—

hv

T A

Ml 4 1esauyadmelniveswaduateniing (AnuUadnin Kruangam, 1992)

aa °

FBnsewuanudululdlunsiinaunswaduaeiing lnefansuwadiaefinddanouiuy
nanfen WefluasdesdnluiiwaduaseniindvinliaidnasounarlsadassaviintuluuinanUaoanmeds
szaiausswilifihasensessefiduiiovhliAnnsuagean | Awaduasorfindannsodsoonligunsainm
dunu R (wan) Tureasléviudt faiu nsiaudasauns (@) LﬁmsﬁummﬂLLmﬁmmaaQL%EJuaawismsﬁqﬁ
wnAnfaLUasUsznsusn (Al 4) e thauns (@) auseunasiudnlniinssuansdi () Tnei 1. wUsHU

ANUAIYDY e nanbenaaunis (6)

[exp (eV /KT) - 1] - I, (6)

|
0
auns (6) unugudAgyuesauniswaduasendind lneusdivaesiussiulnihdanduuinaue

' & =4 a v ' 2 ¢ a | o a
wudnsvuasnuauiane Usingmsalilaansaesuegldhemezilalenugunsaluinliliundarinia

v

WA Aetuanng (6) axvhueladwaduatonfindliaunsaviliasadddluivinuld dmewniidadin
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LUIARRARUAIUSENNSERY I5NNSIERBTIANIBINTERAAISNAUTIANUIINLUIARAALUAIUTENISWSN F97)

a ‘:9;/ = v (3 a & o
indufislazunuuatnswaduasefinddaaunis (7)

[exp (eV /KT) - 1] (7

| -1

S 0
v o < P & = Py P

aun1s (7) wunausesulidduuinauendinseualniazianduuinaus Jawanleaenndes

fuwaduasofinddaiminidusunsalsdaunasindandsnulii dedunssualiians () fwad

waseAndanunsadesanlaviuiinigldnisdedaing (L) svduiladduveaussiuluii v dsaunis (8)

[exp (eV /KT) - 1] (8)

| -1
s 0

uaziSunaunTs (8) 11 aunswaduaseniing (solar cell equation) lned || wUsium @S (5)

o

wagnddayanns (5) Fuedivvinianuasnasnulineu a1

o

=

YURHNAUNIT (8) TENNITIwARLEN
ofnginsizaunis (8) anunsavihungldddefiusssuliin (Auan) serininiae e awaduaefindudn
suifinnszualnd (Auan) vuiidewrewaduaseriinddnfuededddini Wunaviliadeddinivien
Iamewmsradnakansdtaunis (8) aunsavinegnmsieulusmnanvegaduaseringld
afifmafinnsandalufeUssansnmwaduatoniing Iidunandmdsiureddneu E (rnaw)
- hv) ifffesnimdsnurestesrinauaundsnuresasisdanh (G) udhazliaunsaaigdidnaseulea
widmdsupedrineuiiAnunnI w1 UYL UNS 1 ULE 19N En SIS nnse LAz Taa TG sy
wirnule ﬁaﬂ?uﬂwﬁw%mwmmLsuaéLLaqmﬁmé?jq%uasuiﬁuﬁaad’mLmuwé’wmmmmﬁﬁaﬁaﬁ’lﬁmqﬁ’uﬁ’u
AUNASUNAIULADARS (Panyakeow, 2014; Schneider et al., 2020) d@%SUAISATUINUTEENEAIN
Lsuaa‘LmeﬁmsTsTjﬁﬂauLLwmﬁﬂL?immmiaﬁsmmmnmﬁ@mﬂé‘uwa‘“mumﬂamﬂm%’mmLmeﬁmé (solar
spectrum) légsgaiinrmeniadu Amax = 0.5 pm (Panyakeow, 2014) Sadudmnusnaduvesadien
Tughsasfimueadiu AMuamamdsnulnneuveua@iBedld E = hv = he / Amax = 2.5 eV Tagfl h
farAsiiraandad (Planck's constant) /1 4.136x10™ eV V fearudl (frequency) ¢ Aodnaidvasuas
(speed of light) fif1 3x10° m /s way Amax Aeanueiadu (wavelength) §ien 0.5 um waduasending
FamouLUURANISeIdn09as (open circuit) Tiaussaulnn (2sasa) Uszuna ~0.5 V (Kittle, 2005)
fuupliusyansnmiduaeseaduaeiing (€5) fe ussruluinesda &) fndeudalitu
Tnansenilhevemdany Gvmeu, hv) fldfuwaduaefiad toransiuaaUssansnmeasad
WD TinSFAABULUUNENREATIATINAY (0.5 /2.5) x 100% = 20% FanuinUszavsnmusawaduaoriing
fiAneIndn 100% tae Usznsusn wszinliaeuls 9 ignganduluasisiihensazlillvigdidnnsou-laa
Snuguanilsdidnasounaslsafiintuusiernuiilniieuisuinusesseuasnduiianndidnasou
uaglaausiasamsaiu (recombination) aggnidsulufuausouluarsisiani fsdulilunsdlafa
YouAduaDMndedidndnialiiiu 20% witymiegintnnguiuarinnaaeavaunsonsevtntaiuys

mhlvgmaiamnwaduateindddnounuundnifedliiussansnmaininauliegels
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ayluaziansal

UsyAvBnmveamaduateindiBAmnmnndsnuidugunisweinmsiadoud inlimsuamdsnu
(usssulniiinneesda, mhedulhad) fdwenvesvadiatofinduazAmimiisvomdsnuy (naewy, hv)
figngenduldgeiian wasdiBe) lnswaduaofinddarouuuundnifen Werassdummsndiuty
wuwaduasngaanauLUUNENAETUTEAVEA IR 20%

UsvAvsnmiitosndn 100% eghsdauluszunil Fxesiimansaaeumvenaiiuenmiionn
nsagvioureatINiufuazmsTins U NuAe indudiufignaandundiuAsudundsny

s

i aumswaduaserfingarlideyadmiuusyaviamluszuul aunawaduasenfindiisAnunannszua
st uastuegiuannuaing fewnd Suaummeussqiilnihiignadstuannanszdulae
uaseiing () duogfuUinaasiinnfminuuiiuiidudauas () Tuvadishuaunmedsyq il
fignasretulneuas () wuegfuterhunundsnuvesTagiilivhwaduaofinduazamdarumeddnnau
fignganduldgerigalaemaduacenting mevhoureasaduaefinddanouuuunanieatuegiunisivles
fitduedeuiinndubulinusesse domeileaiitdusslonifioadafeiifelsafiidaszannnodiay
rusessiesenluieuiazgniulagdidnnseu nandndenis uaduduinnlumsvihnuveswaduasending
Tneuasiilimdsnuunwaduasenfindazgyiamnuasgnganduaingaleganisitlnasenluanuinusesse
waelsafiintuanuasazgnivlfiedshiannsaiusesrosentuld faflunafuussansnmluns
MUVBITAARAID TN ”@uuﬁqé{aqaaﬂLmuslﬁﬁuﬁﬁmﬁslﬁﬁmu’miw@Lﬁaslﬁ%’ULLvaﬁmrwﬁquazﬁ
AramuUszana 10° i (aseunquushaaUnasuuateniing) ileuuatldossiiussansnm AsfiiAnan
aunswaduasefinddo Fnspudlwihfifinduasstunueiauaing fdumaualssnmauniioy
WaszansnmAemslflaudiBuamunalvgileteiuliuasofinddingwaduasenfindifunsifiveudy
vouaslFifunanefosi Usslemindnuesnsiinedaenudiuasdomsansunulasasmesszuuiilosan
udiduadinaliwmanhnafuiuiiveduaofndlufufidieusinu uioghduhaunsisaduasending
StuegifuriinTaquossessouazndsuvesnouiinseiuosnls Ysmdfumsusuugstanuossosoli
w@desanveanishaulunngiifinvgilingiuaunn 1 mwﬁﬁmmuﬁmammgﬂ 9 waznziil
gaumgiigs 4 Mferiuussiulrifinaadauandunszualwitlinnutiues lutsssezna 10 Wiwan
ufisthtuinidemdsiauifofuamsisihifidesiuaundsnuunn 0.5 51 0.7 eV Buidsy, In 3o
wnadeuvealis, GaP) dmsunisiaunaieaiidandsnulniinanuas (Schneider et al,, 2020; Willich
et al, 2020) Aufuhtensitetanuessensolusaduasorfinddaneunuundnifedadnadutiymde

wntin3Idelutagdu
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