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Abstract

The purpose of this research was 1) to study and develop a wind turbine
system combined with solar energy for electricity production at household
level and 2) to do comparative analysis of electricity production generated from
wind turbine solar energy and wind turbine combined with solar energy. The
instrument consisted of wind turbine size of 12 Volt with 100-Watt, working
with 120-watt of solar panels and installed on 85 cm width, 120 cm length,
135 cm height of front and 145 cm height of back. The pole for wind turbine
installation was built and it can be adjusted to 320 cm height. The internal
control cabinet was equipped with a DC power converter, 65-amp battery.
The experiment was carried out by testing the electricity production from wind
turbine at speed of 5-7 m/sec, constantly and receiving solar energy through
solar panels from 8:00 a.m. to 5:00 p.m. with average of 6 times/hr. The results
showed that the average percentage increased in battery volume for all 3 types
by measuring internal battery volume at 40% which equaled to 5, 10 and 159%,
respectively. It can be concluded that wind turbine system combined with solar
energy can produce electricity as quickly as possible within 4 hrs. which is

suitable for electricity production in 1 day.

Keywords: Wind Turbine, Solar Energy, Electric Current, Household
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Abstract

The objective of this research is to find a method for solving the
trapezoidal intuitionistic fuzzy transportation problem, in which transportation
costs are ambiguous or uncertain. The researcher has proposed a solution to
the problem using the north-west corner method to find a basic feasible
solution. Furthermore, the distribution method was used to check and improve
transportation costs to a minimum. From the study results, it was found that

the approach can produce appropriate and accurate solutions.

Keywords: Transportation problem, fuzzy transportation problem, Intuitionistic

fuzzy number
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fign Pramila and Uthra (2014) lévinmsnwnesduisuitgmilvanzaudigaues
Hoynmsvudanuuitedavivgna Fervuds guasd uazguuidnuiduiiaviled
avgaaumde Tivihnsusudiledarugruauasy IWuaadusunes
Fuaviled deulduuusiastlunisuddam Antony et al. (2014) Idiiauonisud
Jymnsvuds Wedeyaduuvuilsdaivaaaumdon wazli38laoUszanuves
Tunalumsmanfisangauiian uenaini Hunwisai and Kumam (2017) Té@nwn33
mMsuidgymnsvudsuuuiled Inedeyarvudsunusmeiiaviladamasuniamgy
Tiinadansindusuiiudeunssuaginaia Allocation table method 3 ATM
Wlomemeufimngandian uay Kaur and Kumar (2012) dnaueisnisivalunns
widynsvudailetlngldiiaeiieddmasumeayluumudoyaduny guaduas
Uy uaglidanesfuiiaiiulunmanamngauiian Sundesdiefladreduanun

A v
ALz aule

v
a o

MnuuAalumauitymmsvudsiingnanudai luumenuilfideveiaue
iﬁmmf’ﬁ]z;gmmiﬁuufhﬂszj%aﬁmym?iL%?ﬁlaumw (Trapezoidal intuitionistic fuzzy
transportation) ieAnldanglunsvudaiinnulsiviueu §ideldauouumanism
nadwsidesiulneliisyume unnidoaunie uenanilldliisnisnszarsuuudauyag

dmsurnmsnsiaeunasUsul A ldinglunisvuddvtesiign

TUITaIAvaINITITY
ey IsmsunUeymmsuudsilafaisgadvaeunimy Ineldisyunguan

a = v ¢ X o [y U faq YY aa )
LQENLWU@IUﬂWiWWNaaWﬁLU@Q@ULLa%UiUUEQNaaWﬁWi@ﬂ?ﬂﬁﬁﬂqiﬂigﬁnﬁlLL‘UUWYﬂLL‘UE‘N

/AU
Yn o Y Yo a Ay Ay o & = = a o A a 1%
Adelariiunside Ttuseudsll 1) Anvinguinuidewasienansineates
AUNILATYMINITIUEAT waznSUAUQYIINISTUAILUUTYY 2) AN¥Isn1TIHAaNS
& v A v o = = aa o U ca YV aa
Wesunmnzauiuduarile® wazfinwidnsusuusmadnsnlanieisnisnssane
wuusinklas 3) Anwnazimuiiuuitaosnisadaaansiveurluldlunisuityn

NsUUAUUTEd 4) nageunImAIneumeIByLns TuAndeumilo ATIVAOUNATNS
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warUSulssuualdanglunmisvuds 5) diaueisnsmuaansuarmsusulsmadns
e o A
Uiy 6) agunanisaiunuy
ad a v
1. nquf)iitiedas
Zadeh (1965) laAnduuaziusiiunifnvesilodion fedwndugsidvouiwn
A A I N I~ ° i Y & a

wuuAguese danuldudueu luflegwainisivuerseauaiuduamninluee
(Degree of membership) 885¥1313 0 Uag 1 n1siruaA1sEAUAIINTUANNTN
o & v v ¢ & a o W P o w a ¢ o a '
Jndudeddgilandunnuuanndndmduiladion dmsuiledwn ety w; Sendi

Henduaauduann (Membership function) vesiladion A deudreluil

v o

unflenn 1 Aviuald X JJwen waz X # @ fladiwn A Tu X Aogdudiu ,1z)
waz Wz X —[0,1] 380 Uz () 3szauanuluaundnves X lu
fadwn A fetduan [0,1] Ao szauaruduasndnves X Tuiledion A

(Zadeh, 1965)

unilenn 2 Awueli X uien way X # ¢ 7 lenile@arivgu (ntuitionistic fuzzy
set) A Tulwn X Wouunudie & ={(x, 1z 0, Vi) | x € X} Tned
Wz X —>[0,1] WaZ Vi :X —>[0,1] 1380 uz (0 sziuauiu
@u13n (Membership degree) uazisen v () szauauliiluaundn
(Non-membership degree) ¥83 x 7l A C X wazd1nsunnIuIU

x €X aglan Uz () +Vz () €[0,1] (Atanassov, 1986)

unilenn 3 flefion A azSoniduiiauiled srdauhaenndasnanaludl
1) Wuwndesvasdiuiuase
2) uwnyu (Convex) iAo dmUNNTIUINDTI X, 4aE X, kA
A E€10,1] Uz (Axg+ (1 —A)x,) = min(Lhz (), Lz ()
3) uwniin (Convex) WuRe dmMSUNNTINILAT X, Uag X, uaz
A E€10,1] Vz(Ax+1—A)x,) Smax(Vi (), Vi (x,))
4) Juwaund (Normal) Hufe H1unase x, S0l Uz (x,) =1

uag Vz(xy) =0 (Dubois & Prade, 1978)
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unllenn 4 duaailed A =(U,c d,rltz, wi) wseninduiiariledaivyu

[

S & v o ¢ o & a & a &
ﬁLWaEJ@Jﬂ’NVH{IJ ﬂ’]@J‘W\?ﬂGUUﬂ']iLUanJTUﬂLLagﬂ’]'ﬂNLUuﬁNqsﬂﬂﬂQu

_L'

tx ( ) s U'Sx<c
c—L"

tz c<x<d

Wz &)= . (2)

r—

t( ) ;d<xZr
r'—d

0 ;x<l'tag x>r'

bbeY

c—x+wszx—1)
- - A" U'Sx<c
c—LU
Wi c<x<d
Vi) = (3)
A !
x—d+wz('—x)
A cd<x<r
r'—d
1, x<U' wag x>r'

o USc<d<r' muddu tz wez wy Ao syauauduaunlngadn

wazszaunshliduaundniesgaves A auadu Amuali
T () =1—Uz 00— Vz X (4)

Tz () 13en31 szauaulduiusuveinisiluani@nues x A (Wu &
Cao, 2013)
nflenn 4 azdiulddn pz 0+ vz =1 dnfuyndiuauida x 41

z =1uar wi = ofstuiauilefaivgudvdennmymniluA = (V¢ d,r; tz, wx)

~—

Jeuladu A =(U,c d,r];1,0) Fahfediaviled@masuniamy (Dubois, 1980) Aty
a o d' LY al' d' = I3 % o') L al'd' a"
wnAnvesinaviledaiygudvdeuamy Jududnvasiiliveiuay fed@maey

ANVY UAEAIN A=(,¢,d,r%tz,wz) 01 c=d = p i awladn A=(Up,r%tz, wiz)

Wusaviledaigruaiumdsny dadunstlianizaesdiaviledarivnyiudmasy
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[

A1y drdudeluaznannfsnisauiunisifelfiuiivadinvesdnaviledaivgyiu

A
VaEUANINY

unileaw 5 dwuald A=, ), dy,n Ttz wz)wag B=(1,',c,,dy, 0 t5, wg)

[ v 4:1' Y = a [ o a
Juduavilegaiveadmionnmy wae € # o Judwiuasdag ns

1%

Aliunsserinsiaviiedwaznisnaudeanan suudailed 1Wudl
LA@B=(," + ', ¢ + ¢, dy + dy, g0tz Atg, WiV wg)
2. Keg =4 '=n,cy—dy,di—Co, ' =L L tx Atg, WiV wg)

(8, &y, Edy. Erlitg Wty Atg. WiV wg), §>0

T (BB e B Tt wR G Atrwa v wg),  §<0

w
g
pg

Ineidyanwal  “@” Aesaliunsuinvesiiavile® waz “©” Aemaniuns

U dl
AUVBIF AV

“A” Pamaniiunsteyan way “V” fediliunsgega (Li, 2014)

undlenu 6 Awalit (oL A) - lwadfe (Cut set) vsitaailadavianudvasuanamy
A=(U,c,d,rtx,wx) \Dungesdauds (Crisp subset) VNN
Feflenailog
Ké =XEX|UFR 2O, VZ) S A, x ER}

Taofl cLe(0,t3]1, A €lwz, 1] wag oL+A €[0,1] (Li, 2014)

untenu 7 Amuali o - lwedn (oL - Cut set) tay A- wadn (A - Cut set) vo9
A=(U,cd Ttz wi) Huengosdnuds (Crisp subset) UUTIUIUAIS
Fallgulagy

KOL =xEX|Uz()=0,x ER} hAT ﬂx ={><€><|V/§(><)S7\,,><€R} frua1au (L

2014)

NN A=(U,cdrltz,wg) wavllom 7 1aell A, =xeX|Uz(0 >0, x ER} UAY

(9

- XEX|VE) <A, x ER} Wutralawazauialanail:
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- (tg =o'+ 0ac (tx —or+od

Ag =I[Lz(0),R; (0L = , ©)
3 3
oy
A 1=ActA—w)l A—=Nd+A—wy)r
AT =Lz (),R% (QV] = , (6)
1—wg 1—wx

2. MsInaauvaIrwaivyIu
luidellagiiaue Manduazuuu (Score function) Handuainuusiugl
(Accuracy function) wazleidumInuAguLATa (Ambiguities function) vasiatauile

FavugudndeNA1Y

unden 8 mnuald A Duiledaigin feduasuuues A dmsuilendunis

a %

Juawndnuazmisliiduandnuanadeunnuiig M) wee M(V)

ANLEIRU M(ULz) wae M(Vz) Heaeeil

tA
ML) = | [Lz(Q) +Rg (@Ih(o)d(OL) @
0
uaz
1
MVR) = [ Iz +R'z AIe(M)dA) ©)
WA

el hiaw) ua o(\) denmdesiuideuluseldil
1) hiaw uar oA iuilsiduisduessaiiame dwsu o ero,tz] uay
Juilsiduanegsasinauodniy A e [wx, 1]
2) h(a) €10,1] wag g(A) €[0,1]

3) h(0) =0 uwaz g(1) =0 (De & Das, 2012)

unlien 9 Avuali A (Duiledaivgno fldiduaurguaioves A dwmsuilaidu

maduandnuaznisliduauBnuanadeuunuiig viiz) uwae Vvy)

MUY V(Ug) wae V(Vy) Heunall
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NsANTINemansiazinalulad Mﬁ’ﬁi’l&]’]ﬁﬂ’i’]%ﬂ{]q@iﬁ?u

.
V(pz) = f[L;(OL)+R/3(OL)]h(OL)d(OL) (9)
0
LAy
1
Vv = [ Lx W) +Rz AIe(M)dA) (10)
wE

(De & Das, 2012)

soluazianimamilsiduazuuu Msidunnuaquiasetasilesnduninuuiugn
Guaqgmaﬁuﬁszjs?iaﬁﬁuigm?imﬁlammqmﬂ
MM A=(cd,rktz,wz) @unisit (5), (7) uay hion = o thudeudy
Hafdunguuuldsd
U'+2c+2d+r'"

M(pz) = (——————)tz (1)
6
wavluvihusaieniu 91naunisa (6), 8) uay h(A) = A azla
l'+2c+2d+r' 2
M(VF) = (— 1 —23) (12)
6

naun159 (11) uaz (12) aglafsndunnuuiugivesdaviledaiay o
Awideuanamy denudsil
~  Muz)+Mvy)
AR) = M
2

(U 2c+2d )5+ (U 2c +2d 1 —wi)

(13)
12

N@NAN (5), (10) uag h(a) = oL Lo
r—{'+2d—2c 5
V(UR) = (—————)tx (14)
6
Tuvueadeniy 3naunsy (6), (10) wag h(A) = A azla
r—U+2d—2c 2
V(VE) = (———— X1 —wz") (15)
6
1NENNTN (14) uag (15) aglaflandumnunguinsevesdiaviledaivgyndiviey

(9

Ay Henaeadl
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- V(L) +V(Vz)
V@ =—HATEVA
2
(r'—U'+2d —Zc)t;2 +(r'—U'+2d—2c)1 —vv;)2

= (16)
12

unllenn 10 Awuald A= ¢, dy,n Ltz wi) ke B=(L,"c,,dy, 0L t5, wg)

Husaviledavivgnaduauanos madaadues A way 8 10uly
audermuagal
1. 01 AA>AB ua A>B
2. 00 AA<AB ua A<B
3. 01 AA=AB ua

31. 00 VA=VB udr A=8

32. 00 VA>VB ug1 A<B

01 VA<VEB udr A>8 (De & Das, 2012)

3. MUy EUNIIYUES

Haymnisvuds Judgmiiedestunisdnasminenns duAvsedngau
NnunaskAnTiduuvasiumg (Sources) lugsgamneuatsvna (Destinations) Tagdl
Inquszasdiitoanalddrglunsvudsliinniian meldmnudesmsauduazdosiia

Tunsuanaus Mslasnuunsagineansiuniseuin arlganslunisvuds 3udu

=b

fpwmsusuulunIsuuds ANuansalunITHEn karANRBINTAUAITILIAIY

Talau GeansnsaduiniuuAudmmualaiainaunisi (1) ieannaunisiive

Y]

Sianrudmemedouludiiariuiuey usiillesnaanunisalluagtu Aldane

Y (Y a

= o N & A= Y A Y
llﬂ'l’]llllluuuau%iaLU‘ULL‘UU‘WGUGU ﬁ]ﬂ@aﬂﬂﬂ’]iwwuq@?LLUUWqQﬂmmﬂ’]ﬁmﬂUﬂqiLLﬂ{lm

dl o 1 U 1 v v d‘ v a
weAwIneltaslunsvuddlvitiosan fadl

3

n
Minimize =2 > &x;

i=1j=1
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n
Subject to 2 x; SO , i €{1,2,3,..,m}
=1

m

2x; 2By L ien23,.0n
i=1

x; 20, Vi

Amuald & unudunuavudeiembislunisvudduiainuasiumed i Ui

o
ﬁgwmwmﬂmw J

a a v A | v P ) a
XU LUUTUUYDIAUANVUIANNLUAAIAUNIN |1‘1J8JQR}®‘1/11J18J‘LJEHEJV|NVI J

o, WUUSINUYRIFUAYDIUNAIAUNAT |

B, wulSinmanudesnsauivesgarineatenied j

v m n [ ' »Ly ' ‘f] {] Ei ‘W Q‘Ia o o m n
a oy o= Bj HEINAIILAINUUUYMINTVUSINYYAURND Wasn1 Y o, # > ﬁj
i=1 =1 =1 =

wanabiindulymnsvudsiiedliauga

4. Bnsuideymnisvuss

@

adudnluasuaninisninadnsiiesiu anduvinisnsigeutasysuus
v e d v oo
HaanSiUaAu fadl
¥

4.1 MSYINAAWSIUBIAUY

2
| |

LﬁawmmﬂuﬁﬁﬁﬁagamﬁuumL‘f]uﬁ'aLamﬁ%%aﬁ%mmﬁmﬁwmmy
FudenliiBuuns funniBeaniie Taduiftedenuadwiidesiu duneunism
wadwsiDowunanadall

Funoudl 1. afremsnunisvudanniymmsvudiediidmun thdaas
fladavivgnadiasuaamyilaldadlumsisliasuyntes

Funoudl 2: avasaeummslutuneud 1 1ududymnisrudiuuuauga
vi3eldauga minnuindutiymnisvudsuuuldauns Fosilfaunadeu anduly

FOIUTUNDUN 3
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TURBUN 3: IIUAUNITUNTAATT (Allocate) YBIYNUUM UG Y Ao
(cel) 91 (1,1) (il 1 ARdT 1) Mwundn x,; =min(o,B)) Wenrtiougnaslu

@

W94 (1,1) ARA xy; NQNTAATIEENIN oL, e B,

[ YY)

Tumeuil 4: drudaly iansand o uay B; nawINgnInasIUA?

- Ao, wdennmadrasslideuluinasstesitsiuanie
- e B, wiennmIdnasslideuludnassdosinsundnuang
vuduiludos q wudnassasuionaiiuguasiuarguniu asdunaléin
Yosiigninassudaiuazanvdudousioannmadurvemsauisiumemanage
YDINITUNANUY
fumeudt 5 amaldrelunsvudslunndunms ndnmsdnass
R NELOTE T U
4.2 mansavdeuradnsilasfunasnsuiulsmadnsidosdu
yhmansaeunadnsidesiuiisiunlduasinnisuiuusmadng tngld
Fnsnszneuuudaulas Sduneudsd
fupoudl 1: nauanwadniidosiudeituuns Tunnidoanie
finsandesiigninass (Basic cell) uazlaigndnass (Non basic cell) fivn

Tupouil 2: Auame & =y @ v, e ¢ Ao Aunualidngvesdosi

ij, U AeduUsEAnTURIMnIMLINOUN i, U FRdNUTEANSYDLIAITN | uay Avualy
v, =(—1,0,0,1];1,0)
TuRBUN 3: Mvual e; Atesiligndnass (Non basic cell) Auauen

e; NNY01 191N e, =, 0 u,Dv))

™ a '

unauMl 4: HA5aA1Yes Ae; 01 Ae; 20 vt uansituadiwsnle

Qe

2

¢

\owiunduwadwsnanan vnan Ae, Hiundldiin Ae, <O (Ugeawenndes)
wanaIdgenausadnasarandunuAvuddidosainInAulasn

Tupoudt 5: lunsdlfidien Ae; <0 agvhnisidendesiili A1 Ae; Wuau

wniigalutuneud 4
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Junoudl 6: @51929Ua (Closed loop) todnassalunisislu Tty
MOUKINLIUAUNTAMENITEBNTOIINUALLATBUTIULUIAILAZ UL UAIE YR IYUTN
gnidenuazndunYesindluneusuiuieiUalvauysal ldeSemny “+” uag
“” fuuveriUaluerinusniifeonliasdvualildinTomng “+”

Junaui 7: MAINIINATIANGANYRINTATRMINY “ - RN
o 1A A @ oA A 1% o 1 & Y o 1 Aa A « oy
ingnidentudnassiutesidientd laedredluuindhiugesiiivvsoamng “+

o 1 & s | « 3 | 1% v eal v o
wazimdluaveen nYesilinsemuny -7 azdanalilanaansNagewiinig
USuse

Junaud 8: Wevihnsdnasslutuneui 7 Seudesuan douinsmsiadey
| Aoy = o 'Y = & o v i
AfilA91NM15198nATs AswsdumeuLIniatuneuanne auldd Ae, >0 nnd1 N

[

uhdadlraudesgagdesinisuulsmadnsuarasivaeuNadnsaunseialana

=

winfinan Tufededld Ae, >0 nne
Jupauil 9: A ldIglunsuuddlunnidunie nieinnsuuss

NAANSISEUSDULAD

NanN13IvBLaTafUTIENa
soluiasiauesogaileuansnadwiifletoyadunuavudsiifiaanulsl
wiueudusiavilvdaiugadiaouaamy
fegned 1 U'%ﬁ_é?wQ’mamﬁuﬁwﬁmmﬁmmwuﬁﬁué’wﬁmamiéfmﬂiiwm F1, F2 way
F3 ludagudnszanedud Dc,, Dcy, waw Dc, \odsseudlwiusumy
$1vine Tagliisunuenvudddunnidumasuiulitesian deyasuu

ANYUASAUAT UAYAUADINITAUAT UARITBYARINNTISN 1

= v ] o
N1919N 1 VOUANIIVUEN WUUN%

Dc, Dc, Dc, dsnndn (oL;)
Fy ([3,5,7,11; 0.6, 0.3) ([2,5,9,1]; 0.7,0.2) ([4,5,9,15]; 0.5,0.3) 40
F, ([2,6,8,10]; 0.7, 0.2) ([3,6,9,1]; 0.5,0.4) ([4,7,10,15]; 0.6,0.3) 45
Fs ([3,5,8,13]; 0.8, 0.1) ([4,8,10,15]; 0.6,0.2) ([5,10,13,15]; 0.7,0.3) 55
ANUADINT
50 60 30 140

®)
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= 3 3 R ] = ) i
MY B9 5 o =100 = 3 p. HuAeludeypmnswudeiivdnuvauga duneusioluay
! J
i=1 j=1

yhmssunamadnsdesilagliifuuny funniloanie fedl

9197 1 Fuduinasslugos (1, 1) WU x,, =min(0,50) =40 iy
Bondnassdest 40 wihe TuRednassliuudsdudaintseanu F, U Do, $1uau 40
iy Jeviliaudanlsany F, ddufasuifudiuiuuds liaunsodslitugud
nszedufduladn luvasfiqudnszanedu Do, Saduaudladnio mie du
faluazdnassausiivdeluwonsuans Lﬁaqmﬂ@usﬂﬂizmaﬁuﬁﬂ Dc, §55udurlaan
10 vhewitiu Ssonitluinsailutos (2, 1) #a8 aldi x,, =min(10,45,50) =10
Jnassiivudeduaainlssnu F, LU audnszatedum De, 31w 10 il G
Tgudnszanedud Do, Suaumldidudiuuuds ddudaluazideuluinassaudi
wiaelutesinaduwnile Wesaniinsvudsdudainlssny F, Tudh 10 e ey
5991 F, avannsodsdudlasndios 35 whowinfu sufuildfionsansuiums
SdeBudlugon x,, 91691 x,, = min(35,55,60) = 35 fetudnassliuudsdudian
159910 F, TEs gudnszangd@uen Do, 91w 35 wie audalUezdnassaumiivde
Tuwaaduans Losngudnszaiedud D, Ssuaudlétn 25 mhowindu ¥l
frsanginiuluges (3, 2) g ki x,, =min(25,55,60) = 25 Farudnassle
YuAIEUA191INTT9U F; WSS Audnsganedudi Do, 31uiu 25 vy adudnliag
Geouludnassauddivaelutorinuanile Wewniinmsvudaduiainlseny
1Uudr 25 e Feazannsodddudlesn 30 miowhiu diluiasaniuiiludes
(3, 3) #1916 x5, =min(30,55,30) = 30 Fariudnasslivudaduianissnu F
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Abstract

The objective of this research is to study the effect of wood vinegar on
growth and yield in melon (Cucumis melo L.). The experiment were conducted
under greenhouse conditions, by using black plastic grow bags to determine the
growth and yield of melon in response to wood vinegar mixed as liquid fertilizer
for watering the melon tree. The treatments were arranged in a Completely
Randomized Design: CRD with 4 treatments, and 6 replications. The four different
treatments which consisting of wood vinegar and water ratio such as; treatment
1 (T1) was determined as control with watering only, treatment 2 (T2) 1:100,
treatment 3 (T3) 1:200, and treatment 4 (T4) 1:300. All of them will be watered
in every week after transplanting. And then, investigated and recorded on growth
parameter in every week; height of stem, number of leaves, width of leaves,
length of leaves, and length of petioles whereas the width of fruit, length of
fruit, weight of fruit and °brix will be measured at the age of harvesting melon

6 weeks. After that the obtained data by means and statistical differences by
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using Least Significant Difference (LSD) will analyzed, to compare the results
from each treatment. It was found that the melon tree which watered with
treatment 2 (T2) 1:100 and treatment 3 (T3) 1:200 had the greatest influence on
height melon stem at 1, 2 and 6 weeks after transplanting. On the other hand,
wood vinegar had not significant effects on leaf number, leaf wide, leaf length,
petioles leaf length, fruit length, fruit weight as melon yields, and °brix. In this
research, it can be concluded that the ratio of water and wood vinegar 1:100

and 1:200 has an influence on the melon growth only in length of stem.

Keywords: wood vinegar, growth, melon
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a
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Faidl 8 Tatenaflans 15-15-15 (9.9 n3w/d) danidl 9 Tateratians 0-0-60 (9.9
n3u/6u) uazdUeamin 10 Tadeiatigns 0-0-60 (9.9 n3u/du) uteyansaigiduls
Tudnwaizanugs Moty 1,2 wag 6 damindsdneugn dndeya rulu anuniis
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(brix) aT3aiafiony 6 dUavivaadnevan vinsimgideyaluwsaranuasnuuNy
NSNARBIRUUANANYTDl (Completely Randomized Design: CRD) wagilSeuiilay

AUUANAIUDIARAETAeTS Least sienificant difference (LSD)

HaN1538UazaAUTIIHA
1. Bndwavasurduadulfisanisnsgyivlnvasiumaau
NMsAnyIRarenhduaiuldvednuvaraugwesiuuaay wuinsly

sl aa

Wnduatuldsetludnsdi 1:100 dnavhlvianugadamnnImInuuaduniinig

[

sasnetduaiy uildunndsainnsaaleln Moy 1 uay 2 davindadreugn
lnpfiadugs 14.4 wag 16.9 wufluns mudiu dufieny 6 dUavindsdieugn
nuANgeveruasulunIauRyanIuAN 1ANNEIINTAA 184.7 LBURLLAT

5998911 Ao N15sARRetAuAtuld 1:200 (115799 1)

M13199 1 wavesnsldurduniulidennugavesudeu fieny 1, 2 uag 6 dUa

Mé’ﬂ&%ﬂﬂ@ﬂ (weeks after transplanting; WAT)

AUEIAY (BURALIAT)

NIALUUA
1 WEEKS 2 WEEKS 6 WEEKS

e (Control) 133 a 16.1 a 184.7 a

dhéuatulsl 1:100 144 a 16.9 a 1633 b

dhduauldl 1:200 10.1b 132 b 171.2 ab

dhéualsl 1:300 12.6 ab 16.1 a 167.7b
F-Test * x* **
CV. (%) 15.18 14.29 4.98

fauniisnysuieuiulunedutineinuliunnanamieadanseAuanesi 95% neds LSD

* X GOUANANYNINENATISEAUAINTDIY 95% Wag 99% MINERU

nnsEnedliuimstdihduaTuldiuulduidaasunsesyiulnves
suttdeuluiuauas useer 1 wae 2 fUavindsdedan deaennaediunuie

Y84 Pan et al, (2017) Asenuinsldinduaiuliinadonsiiuninugaveaninii
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diaSeuisuivyaaiuay Wesnniduaulizdisiinanuaauanysalvesiiu
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wapunensd@ua1eq lidinavitliduaulu wazanusnnuluvesduuaey dainu
| Y] aa a ) ¢ o v ~ Ko ] P
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AANULANANAUNIEDR
= % Y @ 1 % g %3 [y 1 = a a
MnmsanuFuInsiddduaiulilunsiawaou lifinansiasaiiule
Tudnwaizauninwarauelu BUanA19INNTANYIveY ATYSANE MYNTUY
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oAl Neansneiuy

M19199 2 waveamsldihduaiuldnednuiulu wazanuenimuluduiudeu iene 6

duavivaednedan
AMueNuly (uhwns)
TNIALUUA uulu . : .
Tud 1 Tud 2 Tud 3
1udan (Control) 416 14.8 126 6.9
vhduaiulsl 1:100 452 14.3 105 6.2
vhduaiulsl 1:200 44.0 14.3 114 58
dhduasulsl 1:300 44.6 14.6 12.4 6.3
F-Test ns ns ns ns
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ns A8 TUTANULANANAUNIEDH
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Zulkarami et al,, (2011) Nladnwisdnswavesiduaiulinenisady wule Wiuwa
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Abstract

This research aimed to determine the antioxidant activity, tyrosinase
inhibition activity, total phenolic content and total flavonoid content of
Amomum biflorum Jack. It is divided into 2 parts: the leaves and rhizomes of
Amomum biflorum Jack. The extracts were prepared by using solvents 95%
ethanol. The antioxidant activity was determined by 2, 2—diphenyl-1—picrylhydrazyl
(DPPH assay). The tyrosinase inhibition activity was determined by using the
Dopachrome method. Total phenolic content was analyzed by the Folin-
Ciocalteuassay and total flavonoid content was analyzed by the Aluminum
chloride colorimetric assay. From the results, it was found that the crude 95%
ethanol extract of Amomum biflorum Jack leaf exhibited the most potent
antioxidant activity determined by DPPH assay (ICso= 2,085.64 + 2.86 pg/mL).
Moreover, it exhibited the strongest tyrosinase inhibition activity (ICsy= 262.02 +
5.89 pg/mL) and the highest total phenolic and flavonoid content (total phenolic
=21.92 + 0.79 mg GAE/g extract, total flavonoid = 14.12 + 0.12 mg QE/g extract)
This research demonstrates that Amomum biflorum Jack leaf is considered to
be an interesting source of bioactive compounds. It may be an alternative herb
for cosmetic applications, Herbal products and further research in pharmacology

for the development of active drug compounds.

Keywords: Amomum biflorum Jack, Antioxidant activity, Tyrosinase inhibition

activity, Phenolics, Flavonoids
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4. msvageumUiInamanlausedsaaniomse (Total flavonoid content)

U uIuarsnaliuesnaie35 Aluminium trichloride colorimetric
Anudasan Chang et al. (2002) neldaesafu (Quercetin) Wuasu1nsgIu 1n3e
ansanmainlunazininuanvias Usuins 100 lulasdns wauiu 5% AlCL USung
200 lailasdns vulioumgd 25 ssmwaldeoa iunan 30 undl ndsanmijasen
i dnhluinmnsgandulasiinnueniady 437 uiluwnes thdeyadldadansm
ANUFUTUSIENINAINNTOANTULANYBIANTHINTTIUAUATIINTY Udamenay
SifusiBadu wazendudseaniidadu (R) welildnsmunmsgiuvesnesdiu Ja
AINNSAANAULARtANTaiaLnuA luaNN SR Tay MM USIAee Wanld
UDBS AN WL Inemenunaduliadnsuauyaiunesdfunensuansaria (mg QE/g
extract)

5. MsAnwaVaRuayyadasfaAs DPPH

nsvAdeUNVEFLTeYYAdasE FiauUatain Chu et al (2000) Tagld3miiu
7 ifumsasgn nndusieuansatadnilusasmitiuavasezansluamiuea
Tneldamududusaus 500 - 5000 lalasniudediadang Usunng 150 lulasans waw
fuansazans DPPH U3uas 50 lulasans waslvidndunazuslifieamail 25 aaen
waldea Wuan 15 ud Mé’qmﬂﬁmg’jﬁ%mLLﬁamﬂﬁ?ﬁﬂﬁﬂﬂi’mmi@mﬁuumﬁ
AnueMAaY 570 uiluiuns lnedasazarensauoaneitn (ascorbic acid) Wuans
ATHIU mﬂﬁ?uﬁﬂmzuﬁw%’aaasmsé’ugﬂa%aaasz (%inhibition) g uiunauAIUAL
wimdennsvlanudiiudserinsmnududiuieg %inhibition Lieliléaunadunss

U a Q‘ a ;7% 2 1 1 1% 1% U 1 H o ¥
uazdUUTEAVBITUEY (1) uagliloumiA ICs, AAMITNTUIBIENTFBE1NYINlRNTT

fugalfiseneendnduiudosay 50 vnsnagau 3 91 nsAwIMAISesasn1s
fugteuyadaselaain

Y

% Radical scavenging = (Anyypu Aupaew) / Asaugux 100
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6. nMsAnEgnesnistudaeuledlnlsBius

nsneaeugrisnssudweulealnlsdiug daudasen Chan et al. (2008) Tng
% Dopachrome method Tdnsala3n (Kojic acid) iWuasuinsgiu ntuarans
asanndlulunazinitinuanvialu 30% DMSO (Dimethyl sulfoxide) Usuas 40
lulasdnsuaunvatsazarelafouneantwines (0.1 lua, pH 6.8) Usn1as 80
lulasdns woulesflnlstiua (mnudutu 1.84 gin) nanlidhfutazuiigumgd 25
perafeaidunan 10 uiinewinaisavaty L-DOPA (2.5 fiadluans) Usunns 40
13lAsans wanlidndunazUut 25 ssmwadea Wuna 10 wift Aewdly Sadns
@J@ﬂﬁuumﬁ‘mmmmmﬁ'u 475 wlumns é’aam‘%aﬁm’ﬂmi@mﬂﬁuumwﬂﬂm

wan vinnsaulanuasidudnisdudueuladlnlsdiua :naunis
Tyrosinase inhibition activity (%) = [(A-B)/A] x 100

WIUA1 A =ATN1sganfulavesansaraenliifivansane

B =An"sganaukatvesansaraeiilansaia

ASAATIZINISEDRA (Statistical analysis)

nansvAaewisluudazfoes 91U 3 61 (n = 3) uanaaifudtads
uazAnaudsauunesgIu wasiUlsuiiisuiuamnuuandanaadfsne nsiiase
ANuLUsUTINYRlayausavnaulagldaia One-Way ANOVA selusunsy SPSS

a o o o aa dl
NINFUUYANAYNINEDS LD p-value < 0.05

NaN15IvBLAZIAUTIINE
1. ANWAUSNNNIEATNLAZNANAAYDIAITANATIUENINAS
NMsanaIuEIvas wlseendy 2 @ A dluinuanivias wavdiusin
WamiiuaInawgIsnsulnlusvnaratglemueasesay 95 Wuil @1sanalu
Juamvies fidnvaswiemile $8deudy wesdinduven Govaznandn 11.32 + 0.12)
waransafwiiuanivas fdnvasmidemiln ddmady weeinduneuqu fndu

s (Gosazuanan 11.02 + 0.16) (5797 1)
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A157199 1 SNWULNINIEAIN LALSDUaENANANYBIENTANALULALINIINUETIVAY

aregvayulng  Sovaznandnvasanseann ANBALNNIBATNYDIENTENA
Tuanuanavas 11.32 £ 0.12 Witleavlla JETeY wazdnaurou
W9 UANINA 11.02 £ 0.16 Witeavla dU1nnawy wazinau

vouRu dnfulanigsi

2. Gunaunguiluadnuazngunanliuaedsiuvasansanadnuaivas

mamUsnaasiluednuazwaliusesvesasaiaeniueadnluwaziniy
FuaNvas wud arsadaluituanivas Jusinaiuednuazwailiussasiu widu
21.92 + 0.79 mg GAE/g extract kag 14.12 + 0.12 mg QE/g extract ANUA1AU WaY
gsanaminInuaIvas Jusinaansnquiluednuaznailitesn Wity 10.89 + 0.15
mg GAE/g extract Lay7.64 + 0.07 mg QE/g extract ANaRU Landlimifiuin aisann
Tuduanvas Tuinadluednuasrlanhusedsanniigaidefisuiuasatamining

o w

annasegNitudAYN9Eta (p-value < 0.05) (115799 2)

P> 13 N = a ¢ Ly
M990 2 Naﬂ’ﬁﬁ’laﬂﬂﬂﬁgﬂaumqﬂﬂmﬂ@ﬂﬁqﬁwuaaﬂ V\la’ﬂ?uaﬂﬂ LLaxi]Vlﬁmualgmua

DATLVRIENTANALULALIAININUEINAS

.. < - 29AUTZNOUNINAY
a6y . ansduayyadase — . y
4 d#1sania nguuedn nguvalaueen
47 ICs0 (pg/mL)
(mg GAE/g extract)  (mg QE/g extract)
Tudu . .
1 2,085.64 + 2.86%* 2192 £ 0.79 14.12 + 0.12
anviag
Wi
2 3,846.31 + 2.59** 10.89 + 0.15 7.64 £ 0.07
anviag
3 Aedud 6.00 = 0.05** - -

uanAgeesliEdAeYNI19Eaa (p-value < 0.05)
*aneeeg19itd Ay NsEns (p-value < 0.01)

GAE = Gallic acid, QE = Quercetin
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$ a [

3. NANINAFIUANTATUIYLABATEYRNENTANA lULaTIMIIIUE Al

a (%

NnHansANwIgVSTuoyyadassvesasatnlukasniiuavadlagld
Innfiud wuin ansadaluituanivias qvsueyyadasyleian (ICs, = 2,085.64 +
2.86 lalasnSumeliadang) wazansanmunininuarinas (Cs, = 3,846.31 + 2.59 lulas
nusiefiadans) uandlsiisiudn ansaaluituanivas fqvsdnueuyadaszinitansarda

WiiuavasegNituEAgEna (p-value < 0.01) (13199 2)

s ™ v

4. wan1snadaugndsvgaauladlnls@iudavasaisanalunaziningny

§179%89

o
< o

nuanIsAnwgnadugusulelinlsdiuavesadnlukazmitinuaiivag

v
[V v

Tngldnsaladn (Kojic acid) Wuasnsgiu wui asafnluiiuanivas Sgndsuds
Lauiszjﬂwiﬁ%l,uaiﬁﬁﬁqﬂ A1 ICsy = 262.02 + 5.89 lalAsnsureliadans wazansana
WiIuEIae 1A1 ICs, = 339.17 + 3.59 lulasnSudeliadans ankan1sANYILERS
Tidiut arsafaluitanvas dqussudueuladinlstualdfninasainminin

v o

amasegNlted Ay 19Ena (p-value < 0.05) (M15999 3)

o
LYY

M137199 3 nan1IvadeUgrsEusueulwilnlsdiuavesansainlutaziminituanivag

gusdusseulydinlsdiua

aéudi d15dnn
ICso (pg/mL)
1 Tuduaninas 262.02 + 5.89
2 WNIUENIRS 339.17 + 3.59
3 n3alA3N (Kojic acid) 11.78 + 0.14

° w

unnAseeelitedAyn9eda (p-value < 0.05)

aiUsENa

NSRRI AN Bnaansngufuednuasrlanliueedsan qvsdy
oyyadaszuazqninissudaeulediinlstiuavesansatnlunazimirinuaiovas
Wleviaunresendumsatnfianunsothlundndeinydions wagwdnfusiayulng

madenliiugusinatazad1ayarmaandlye
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1. NN5ANAANTIINIUBAZLAINIUEAIINAY
PnMsANRaslukaziiniiIuavas ngleismsveineefvinazaleeniuea
$p8az 95 asanaNeEnIdILTanYULNIINIEAINLAL St asNaNAnTINALAs Y Tag

wui ansadnluiuanvadiiosasudnunnian Fensanamediiasangiemuea

aAa o =

Faemuoaidu all-purpose solvent asnaraneasitivauariaidn unsuen
aslaganfenannisazaneseningdininasaeiuansdidgluayulng lnvansdrAgyae
m‘mmazawiuﬁaﬁwazawlﬁﬁﬁiaLﬁammL‘flu%asuE]Qé’amiﬁwé’zgﬁuﬁaﬁwasmsﬁﬂ'w
Tn&LAgariu (Like dissolves like) Bsansnguilueadn wazvailiuess fanauialy
nsavaneldilutuazueanased \unduasiifinuautfiduasduoyyadass
funsdniau Jestuanudemeiiineinisdsansililewan wazdlostunisadisans
nauzis (Smun dunsmunsal, 2547)

2. MsmUsinuasiuednuazaliuesruesansanaluLazniTinua e

NAIMIUTIINE T AYNEUALRANTINAIETT Folin-Ciocalteu wavans
naunanlauegnmeds Aluminum chloride colorimetric method Yesansaninluuay
WIIIUEINaY WU @rsadaluituanavial IS siluedntazaiswailiussa
genhansatmminituanivas unaandedovesdnuazvesayulnsiiunnsnaiu
Fedwveduanludwiegmileuinasiiansdwynguiluednuazvlanliusedaenndos

a o

41U38v83 Singtothong et al. (2013) Wu31 @15 Camphene 1Juansusznaungy

de

fiftusesuayaliuosd Fadudiumieiuvesiiuaivas uazaonadosuide ady
ANBsana uay NwN3 YAANSY (2557) wui ansadaituanmvasiiainsnemmueai
asrUszneumaiinguatsituednuasailiuess

3. quisiueyyadasyYesasatalulazitiuavag

NNHaNsANYIgVSIuoyyadassvesasatalulazmitiuaivas wui
ansafluinuaavas Sqvdueyyadaseldffianideioutuamsatamiriuanivas
madusannansainluinusmvasiiiiuinafiuednuagianhusednnninansarin
wiiuamas deaenndeiuauidoves Awsen guds uazame (2560) TéAnw
fnitutusassrhaazanseengnamedanin wudh A wuiifisaiewasinhy

a A a a a Lo a A a a
noUITIY UUINUETUTENOUNUDANIINEILAZLNNEM U ULADHETY FIUINAE1TY
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mmé’mﬁuéﬁ’ummmmm’lumié’uéu’qmgaﬂaéaiz WazARAARBATUNITITEVR Srisook
et al. (2010) wui dnardniefiaesdianainiavasdigniiidneyya DPPH way
fauananselunsiiadgeiian uenanddmuuidees Hongsiri and Duanyai
(2022) wuh dhifunesssmendniluiiuanivas SussAvsnmlumssuoyyadasy
fiFin 1Cgy = 17.57 + 0.01 fadn3u/daddns wanddiiiuii arsadaluinuaiinasdia
asrUsznoumaailunguiiuednuazrailiuesngs dewalvansadaluinuanivasd
qidFueyyadasy A

a. grissudueulelvlsBiuavesasarinuuazinirinaavas

Mnuamsinwgusiudaeuledlnlstiuavesansadalunazminiuanivas
WUt ansataiaesdndqslunmsiudueuleilnlsduassadifuanunnlios
lauA ansadaludnuanivas wazminduanIvad AMuaay @15ain luduanInas
fovddufaeuladinlstiualda 99nenuues Chan et al. (2008) wuiidafinan
fmanevialuasd Zingiberaceae fqudtudueulullvlsduadaiueuleiddylu
nsvUuMsduaTRidedum v wuh dawafavesiavasifignsuds
wulwillnlsfiuagaiian fie duatmenivu sesasn A diuarngosiefiaesdian uas
duatingest muadu uazuITees Uthairung et al. (2020) difunenssing
dauiéfﬁuuazahuﬁy’aé’uﬁqw%‘éhuLauhﬁlm%l,ua Taedlan ICs, AU 117.94 + 19.08
uag 147.03 + 10.28 lulasn3udefiaddng auddu awdiuldiinmsfnuikuanidy
neifevesdutiuenssmevesiaIvas wennidllayulnsda q Su q 7
annsadudueuladlvlsiua lun nszdu nevnsn ghunewes Sl @an1Tad weas
wazAMy, 2022)

MnnsAnwasstaniulddn asataluiuanvaniesiauauifiduans
ylRI977 wasdansduouyadasy Weluasilifien Jeafuiases woxd
dnonmlunisilufmunduesdusenevvesndnsiuiiniosdordldlueuian ud
oghdlsfnunisfnmidudiosmmasoudesiuisfesdinisfnumdoyaiuhly
Bosnsvaaougrismundyinet ssduszneumaaiingudu uazqusnisdanmly

Aua 9 Tdimsanwludniveassiazmeadtinnowinlunaunaniueinudions
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A3UNAN13IY

o
v o

MNMsAnwgVEAUeyyadasy grsdudueuludinlstiua YSunailuednsiu
uazU3unal NalueenTINYeasainIuaIasaNTaineNILuea N TULAZIIIUBY

Fuavias wud arsataluduarmasivinaiivednuasvalivesdas Tonseu

ayyadaszuazdranunsadudseululinlstiuald mddeddadunsmenunisiuduy

o
o

HavedansaialuIuaIaligidueyyadasy qnsdudueuledlnlsdiua uasd
wa al o v 1J a o L3 o o a v & PN ! 4
AavandRasnsaluimulundadaeinvdiensinsdasdadunaiuyanli

ayulnsluviestuihluilundndusiayulnsmadeniiiud uslnauasasiayaninig

a a

Wanavele wiog19lsAnun1sAnediduliieIn1smagoull 99duIadeeil N15AnNEI

@

HeduanluFeanmegeugsmundine) Anwesdusznaumaaivesayulng
INIIUEIMAN LazgnENITININWLUAIUBY 9 SmdensAnwludnineaes (in vivo)

warnearddnneuin lUNAILINARN g IvdN9

AnRNISUUIZANA

v
o

ndfeatuiidnigaiuimeiideniniideldsuanusuiiewastiomvie

[ a o

lun1sufoRauaingsiulasen1side §3dedaveveunmun o leniadl veveunu
YUYANYUNITITLIINNBINUAUATUINGIAENT FF8Uazuinngsy (NBINU 171,

Use1Ueulseann 2566 UAUBVBUAMAMEINYIAANT UMINY1FEI1U)anT51H

L4

Alvianueynzvigunsaiuaziniosiislunside

LANE1591989
$awn Bunsyunsal. (2547). n15ATI9F0UUAZNITANAUENTISTIAYVINTYUINS.

U Aa [ 1 L3

N3N AUInALiLNAINTAINMINGRY.

Doy

[

ann1iad weas, AANG YeyeeUsealt, 05830 Junsia, Tuns) o1uum, awadl Hiufiuln

CRE

a o

wag ayasT Suliu. (2022). gusiusyyadasegnsdudueuledinlsdiua
wazdanamauesin 10 ¥la ludwmdn uasswdun. Journal of Science &

Technology MSU, 41(6), 277-284.

Vol.12 Issue.2 (May — August 2024) | Uit 12 avuil 2 (Maun1AY - A 2567)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NI TIMEIeansuazmalulag Wineaus1vinenssnd

ATnssad guds, audn WINuAY uae ano1ndos ainawel. (2560). FnfuTusasen
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msAnsnsasvelueduveaudenuzninssumdsiisarnnszurunisuan
Taglaamnaiuliaiu
A STUDY ON THE CARBONIZATION OF YOUNG COCONUT HUSKS WASTE
USING A SMOKELESS CHARCOAL KILN
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Abstract

Currently, Thailand produces and exports over 600 million young
coconuts annually. The trimming process of these young coconuts generates
a substantial amount of coconut husks as waste which amounts to 600,000 tons
of coconut husks per year. In this research, the carbonization of young coconut
husks using a smokeless charcoal kiln to produce biochar was investigated. The
study aimed to compare the carbonization process and properties of biochar
derived from different biomass types, including coconut husks, cassava rhizomes,
bamboo, and Leucaena. The results indicated that the average yield of biochar
from coconut husks was 35.72% by weight. The comparing results of carbonization
from various biomass types and the properties of biochar qualities, it was found
that biochar from young coconut husks exhibited similar characteristics to biochar
produced from bamboo, a commonly used biomass for charcoal production. In
addition, a comparative study was conducted on the use of fuels in carbonization
using two different types of fuels: biomass and used engine oil. The findings
indicate that while the choice of fuel did not significantly influence the yield

percentage of biochar, it did have a notable impact on production costs.
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Specifically, the use of used engine oil resulted in higher production costs

compared to biomass.
Keywords: Biochar, coconut husks, carbonization, smokeless charcoal kiln
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Abstract

This research focuses on studying the antioxidant activity and total
phenolic content of extracts from pink sacred lotus (Nelumbo nucifera) flowers,
a plant widely cultivated in Phichit Province. The objective of this study is to
provide preliminary data for the development of agricultural products that can
be value-added, such as dietary supplements or beverages that help reduce
free radicals in the body. The research involves extracting different parts of the
pink lotus flower, including petals, stamens, and ovaries, both in fresh and dried
forms, using pure ethanol and ethanol-water (1:1 v/v) as solvents. The crude
extracts were then tested for antioxidant activity using the DPPH assay and for
total phenolic content using the Folin-Ciocalteu method. The results revealed
that extracts from air-dried lotus parts exhibited higher antioxidant activity than
those from fresh lotus. Notably, the stamen extract from air-dried lotus, using
ethanol-water as the solvent, showed the highest DPPH antioxidant activity
(ICso = 9.31 + 1.45 pyg/mL) compared to the ovary and petal extracts. Additionally,
the ethanol-water extraction yielded the highest total phenolic content, with
the dried stamen extract having the highest phenolic content (209.70 + 2.17
mg GAE/g DW).

Keywords: antioxidant activity, total phenolic content, pink Nelumbo nucifera
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dlo Ac flernisaanduuasvesansazaiy DPPH Alifiansiueuyadasy Wuminis

ANNAUBEIVDIE15AIUAN (Absorbance of control)

Y 9

= 1 A

As ABAINTIIYANAULAIYDIATATAY DPPH finauiuansainfled1anseans

1193311 (Absorbance of sample or standard solution)

4. NM3ATIZAUNIURUDANTINA8AT Folin-Ciocalteu

AATzUsIaiueanTIn medsaunlasinlawni (UV-visible spectro
photometry) lagldnsaunadnduaisuinsgiu n1uidves Singleton and Rossi
(1965) TiUsutumeunsiaszilag Meda et al. (2005) namie wWisLasatnsaegis
Tnedaansaindetne 0.1000 ¢ azaneluleniuea 2 mL wazUFuUSnasaastndy
Turininu3unns 100 mL inansatniegafiidentawdinnuiuns 0.5 mL ldlu
NARANAABILNAL 3 Yaan WHNa1sLAu Folin-Ciocalteu’s reagent 2.5 mL tgnadiu
NELIVLARELASeNELANTaYas iRt saranelefisuaSueLun Aadudy
7.5% w/v U31705 2.0 mL uazrausnasdisiAtemaNansazans anusivasn
vaaeslifigamgiivios \Wunan 60 uii udniuniansgandunasiienueiadu 760
nm AwaUsINaiueansuluasfi981991NNIMNINTEIUNIEUBNTBINTAKNAEN
Tu19 0 81 200 meg/L TnsmanisAuluUsinaiuednsiuluansainsegis wanslu
mhefiadnuvesasiteuriniunsawnadnse 100 nfuvenimtndets (mg GAE/

100 g of sample)
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NANTIBUAZBAUTIENE
1. Giuaannuduludausng 4 vasnantivaisdeuy
uafesazauduludiusing q vesnontamansdvusy uanddunsed 1 wuin
inasiifosazauiutioniian Ao 68.00.6 WoidsuiisufunduneniaySsldded
%asazmm%yuqﬁmﬂﬁa 87.0+2.0 A 84.2+3.1 AR HafsnaLanyItiuin

Y '

fograuuvanvesianaunenuar el dussduseneuluusnaiiuin nadinan
Foilimauiudledaiminvesniuneneuuias fsldeuurisiifinagameesily
wiagldUsnamesiiodasinasnniudlolsuiunstaimindegnindunenuuy
anuarSslduuvan mudeu Tuaiwinnaseuuiasiianuunnsmsfunasuuy

antaefian mszIevarAnuTuveLNaTIveegn

M19199 1 YSanauanuduludiueing 4 vesmentiviaisdvuy

dusing q YaenanUInang ZagazauTu (% moisture)
Ay (A0de + SD)
nauAeN 87.0 + 2.0
LNAT 68.0 + 0.6
54le 84.2 + 3.1

2. Msafanguag 9 vasnentvaldvuyileduinazaneieniuea
U%qw%‘uazwmuaaﬁiaﬁﬂ (1:1 v/v)

NITT 2 nudansatavetuaentavadTIRINdIusg 9 Hauuudn
wazeuuTiTiatndslenueaUIaviuazionuearon (1:1 vA) auua 12 faoenq
fdnvuzmanonmiuvesvandunin ansafaveuilddazgniiuliluranifivans
Unhudviusnndsuiuogiidouesdiftetosfunsduiauaswanivlilugidud

gamadl 4 °C iesenisnedeugrsiueuyadasuaziiasziliinaiiuednsiusely
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A9 2 ANWAUENIINIEAINVBIANSANANEIUNLAIINNTENAAI8LENIUBATIAIY

LUUTUF 9)

79819 fianinazane ANWUZNINIYAIN
naumeNEn L@yUBa YA tuniindiimaity
Lnasen L@yUBa YDUNAITUNTLAFFUNT AT
Selan LeNIUea vounaunilndthaasdy
NAUABDNBULIAY LeyUBa yoaafuniindtianasdy
LNATDULIA Ll@yUBa YDUNAITUNTLAFF LR D
Selvouuiis LleNIUea vounaunilndthaald
naumenEn WovNuea-1h (1:1 vAY) yoaauniindthmaunad
Lnasen Lovuea-h (1:1 vAY) YDUNAITUNTLAFFUNF AT
Selan lovuea-11 (1:1 vA) vounafunilndthaasdy
NAUABDNBULLIAY Wovuea-1h (1:1 vAY) yoamafuniindriaaity
LNATOULIA ovuea-1h (1:1 vAY) YDUNITUN LA TFULUA D
Selvouuiis ovuea-1n (1:1 vA) vounaunilndthmaty

903U 3 uansfesaznandnansataneivitldvesnentmasduyiauuy
anuazLUVDUWIiatafedniaza1slenIueauIans uazihazanslovueane
i (1:1 vAv) Fauenadmdusausig 9 loun naunen 1nas wazssly wuanansanaveu
flFanmsatasoionuoadieth (1:1 vA) fusinasnnniasataneiuiildainnis
afffnelenueauIansnaud 1.03 f 3.31 wh Tnenudirendamaisdvusy 9N
inaseuuaiafindeleniueareti (1:1 vv) aglidosasnandnansatanenudiléas
fignfie 27.26% lagldUsmansafaneuiiuinniinisafnsesieniueauians
(8.24%) f9 3.31 Wi levhmsafindusldeuuiadoionuoasiot (1:1 vA) sl
Sovaznananansarneuiiligesesannde 23.21% lnglduTunumsataneuunn
nifiafaainiemueauIqns (10.38%) fa 2.24 Wi wuimsataduveanaTLUE

meeueanoul (1:1 vAv) Wseuasnandnansaineruntaganniuiu (20.37%)

s
=3

waglausinaasatiaveuInnINIsanamelenIueauTans (8.24%) 84 2.93 i

wenantfesaznandnansaianerunlaannisainnentivalsdvuyiieeniues

Vol.12 Issue.2 (May — August 2024) | Uit 12 atud 2 (WuA1AYN - FMAY 2567)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

NI Ianswasinalulad wninendesvinenssil

soth (1:1 v/v) dwdudiuresndunanauuiis (17.33%) Salanuuan (16.99%) uas
nauABNLUAR (7.40%) fUSinauganinsaiadoleniusauiqniaindrundunen
UL (10.10%) Selauuuan (9.51%) wazndunanwuuan (7.16%) 11nn3189 1.72
1.79 uag 1.03 w1 mudIfu

uenanilflerUFsuifisunsatindausing q vasaentmarsduuyiauuuan
uazkUUBULTsRsevIuaarat (1:1 vAv) aglidosasnananansatanenudiléan
\NaTEuNT (27.26%) Sslvuusts (23.21%) uaznduaenauuis (17.33%) dsilr1ga
niansataveruiiliannnisatadiusing @ uuuanfe naswuuan (20.37%) Sslauuu
an (16.99%) uagniiumenuuuan (7.40%) muaau Tunisadnnendivalsdvuyeie
lvueausansFlinauisrfutunsatadeenueasot (1:1 vA) lnenui
nentmansdvmieuwiudasiesaznandnansatianeudildfiafigainituuuan
nafe Selvouuiis (10.38%) ndunonauusis (10.10%) uazinaTaULT (8.24%) B9
fifnganirfevasnandnansatavenuitldanaentvasduuyuuuanie Ssluuuvan

(9.51%) NAUABNWUUEAR (7.16%) kA LAZLNATLUUER (6.96%) MUa1RU

[ ethanol/water (1:1 v/v) B absolute ethanol

Ovaries (Air-dried) 23.21% |

10.38%

Ovaries (Fresh) 16.99%
9.51%

27.26% |

8.24%

Stamens (Air-dried)

Stamens (Fresh) 20.37% |

6.96%

Petals (Air-dried) 17.33%
10.10%

Petals (Fresh) N
7.16%

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00%

Yield of crude extract (%)

JUN 3 Segaznandnansaiave1uiils (%Yield of crude extract) YsdIusng 9

Y04n8NUIMANEVUYUUUAR (Fresh) LagUUUBULIA (Air-dried) fiafnmey

fMvagangieueauIansiagienIueanet (1:1 v/v)
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AN919N 3 NsAne L USeuisuSesarnandna1sanaunenuile (%Yield of crude

' o =

extract) YeddIUA" 9 YosnanTIvAIEvLYYILUUAR (Fresh) wagluy

v YV U

BULI (Air-dried) NiafinsieivagangonIueaUIaVswazoNIUease

(1:1 v/v) MBEnR t-test

d9UANN 9 VD9

Avinazane . . MeanS.D. df t-test
ADNUINAIEYNYY

LNIUDA Y 27.26+0.01

y LNATOULMY 2 -1098.120
EVIULa-U (1:1 v/v) 8.24+0.04
LONIUDA s . 23.21+0.03

y Falvouwiy 2 -277.778
EVIULa-u (1:1 v/v) 10.38+0.05
LNIUDA - Y 17.33+0.10

y NAUADNDUUIAY 2 -44.693
BNUDA-U1 (1:1 v/V) 10.10+0.08
LONIUDA LNETLUUER 20.37+0.15

y 2 -387.113
EVIURa-U (1:1 v/v) 6.96+0.09
LONUDA Selauuuan 16.99+0.07

y 2 -323.894
BNUDA-UT (1:1 v/V) 9.51+0.11
LONIUDA . 7.40+0.12

¥ NAUABNLUUEAR 2 -6.928
BNUDA-U1 (1:1 v/V) 7.16+0.06

1ONINT NUISD8aSHANANVRIANTANANEIUN LA LANATULLDIAINAN TN

11 (polarity) vasiwhazany Feanunsaaduelanail nsadnaentavatsdvumyiieg

v
o

vnueadaul (111 vv) gldseuavnandnvesansadaveuiilaaindinisaiamete

¢ '
a a 1 a o W aaa L

nusauTandeg i@ Agynisadinszdunudotu 95% falanslunis1e 3

9

v
o

Matiilasaneniueasnan (1:1 v/A) Wusvhnazatenddndudiunaudeiianingn

gendemueauiand asudvihazargieniueasion (1:1 v/v) Jseunsoaganyens

A
aa o 1

niivageeanunNdIUg q vasmentmassdvamlainn luvasideriuluivihazaty
Haufdienueataiianindinindnundsigaragansidanindininiiuieandnain
aondaisdvunlame yilviansazanenanvaseniueanei (1:1 vA) Fellan1nda

a

figanineniueauIansddauainsalunisazaisarsdAyaindiudig o ves

9
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¥
a £ 4 = g a v v a

@MY LWUUIRTUNAARDNITENAFITINNIRNAU

q q

aontvaisdvunliunnniteniueau
sssumAfvilild Sosasnananesasatneuildunniy Siaenndasfuauive
Funmud yuau (2561) AvhnsAnwigvdnisiueyugdassvesansataveiuainua
n&eld ndaevihi uagndaeveu Tnswieuansadaveruainuandasld ndaeni
uagndevondedvharats 3 win lHud vuea wWuea wagtndu wudl s
afametnduliusinunandniesazanniian sesan e LovuoaLazIINLea
AuEU uazaAfevesaien nale uazdng Anives (2560) insfnwianseon
gvismsTaninuazAanssunisiueyyedaslunnuny fumeiugiued 2 fifiszogiom

v %

AMSAULAEILANANTY InevinnsUSeuisunisaianesvinazaly 3 via A 1N

v v

lovuea wazerdlau wudiunuseu 20 davidadadaed Susinaiiuednuay
saluesdianungeiian iesanarsisaenduasifddrsanmsonzansluléd
wazthifuivinazanedtageilidelddduivhasaneTsanusaadaarsituedn
uazstaluesiiamaliUiinagaiandeiouiieuiuieniuosuazerdlay

3. qViadnueyyadaszuazUSinaasUsznauTiuadnsauvasansaianenu
NN 9 YananUInAITH YUY

NAN1IVAABUNYEAUEYYadasy DPPH vasasafnvenuiildaindiusing

'3
2

vosnanUaviadisdvuy (Ndusen nas waale) Nadnandvihazaisieniueauans

o

a

waglemueaatl (1:1 v/v) wulansadnaindiusng o vesnentmalsd@vunilons
A1ueULadasy DPPH Muaniwalage ICs, hazUSunuiluefingiu uanifsn1sadn 4
gVSAUeUYABATEIVAEUMIETS DPPH T8 uNalaga ICs, Jauandtiandnandudy

VeI TainfIeee (ug/mL) Nilgnslunisiueuyadasslneyihlianududures

o '
2 v 1 =

auyadasy DPPH anasfevay 50 aeluansannsiieganilan ICs, Hoeiian Jalgns

" £

muauuaaaiu DPPH ‘1/]&511/]’5{@ LN@LU'EEJULWEJUQWSWMEJ‘L!N@ a32 DPPH wazU3unw

99

v v

fluodnsauszminvansatane1uaindausine 4 Mauuvanuasuuusuuiiatngae
lovusauIguduasiomuearet (1:1 v/v) nuhmsatadausing 9 veatavaiily

sULuvsulNiiUsEANSAmaanIInsainntvasan Niludugrsiueuyadasy

warUSinauiluednsauiigendt uaznudinisaindiusng 4 Neuuiuaimediinasane
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emueafaul (1:1 v/v) laansadaneruindignslunisdtueuyadase DPPH uazdl

'3
2

YSunaituednsiufiannnitansaiaveruiananeeniueausgns

= v a aal Y ey ] ]
M19199 4 gnSiueuyadaselag s DPPH vesasaiaveuiiliaindiusig o veq
menUamvaiadyuy (ndunen wnas uaxsile) Hadnaindiazangioniuea

UIgvduagieniueasatn (1:1 v/v)

Samples Extracted from Samples Extracted from
Samples of Ethanol/Water (1:1 v/v) Absolute Ethanol References
No. Various Parts of Total Phenolic 1Cso Total Phenolic 1Csp ICsp (pg/mL)
Pink Royal Lotus Content (ug/mL) Content (ug/mL)
(mg GAE/g DW) (mg GAE/g DW)
1 Ovaries (Air-dried) 18491 + 3.24 10.52 + 1.82 170.44 + 3.71 17.62 + 2.50
2 Ovaries (Fresh) 160.72 £ 4.11 13.44 + 2.01 118.72 + 4.31 26.14 + 2.21
3 Stamens (Air-dried) 209.70 + 2.17 931+ 145 198.21 + 2.52 16.53 + 1.42
4 Stamens (Fresh) 163.58 + 3.82 12.56 + 2.15 175.60 + 3.10 2433 + 2.14
5 Petals (Air-dried) 136.61 + 2.54 14.90 + 1.92 128.94 + 2.73 18.90 + 2.71
6 Petals (Fresh) 61.73 + 4.30 2711 +3.24 83.90 + 3.02 21.00 + 2.87
7 BHT - - - - 7.04 +1.20
8 BHA - - - - 312+ 1.16

=

HANINARBUNSAUeUYadaszYasansainnantIviadlsdvuydIuing 4 lny

(%

naaeUANLannsalunsidneyyadase DPPH wui1 ansafinaindiuinaseuusie
afadelomueasot (1:1 vAv) fif 1Cs, ﬂasﬁqm Wiy 9.31 + 1.45 pg/mL 398
qvidduevyadasyliAfign qniiuouyadasysesasndesilvouus uazndunen
DUWAY LawdlA ICs, Ao 10.52+1.82 wag 14.90+1.92 pg/mL MNEIAU WU @NSann
flgannnaunenuuuan fien 1Cy, Mﬂﬁqm WA 27.11 + 3.24 ug/mL 3&ﬁqw§€fm
oyyadastlationdian od1dlsfinin wudransadaiilsnindiusing q vesmentmas
dvuyuuueuwisfignisuoyyadasy DPPH fitfosnitansunmnsgiuneds BHT uas
BHA 33lAin ICs, AU 7.04+1.20 @z 3.12+1.16 pe/mlL AUy YaNINi WU
asatave1UvesnaIAentImalsdvILUUBULT TUSinailuednTiugedian Ae
209.70+2.17 mg GAE/g DW J09asunfe Seldouliis M1iu 184.91+3.24 mg GAE/g

DW LLazﬁasﬁqﬂﬁa NAUABNWULER WINAU 61.73 + 4.30 mg GAE/g DW Fadanndes
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AufuuIdeves On-nom et al. (2023) MuansingnsiTueyyadasy DPPH uay

Usunaluednginvesansannvenuiblaaininasiunnninnaunen

d3UNaN1339Y

nsfnwluafsiinuiinisadadeeniusaded (1:1 vv) 1#¥esazansarn
neuiildinnnitansmsadadeieniusauians lnsdunaseunisuasnentanaiy
Amitadndeeniuoadiet (1:1 vAv) aglidesasnananarsataneuilduiniian
wuhansataanaentaanauiidnuildun daunas 619 uagndumen fgvs

a

N3iueYYadaTEgs Inglanza1sataeIuagenIueaeul (1:1 v/v) ¥eunas

nantadvunnannannentieuwiilgnssueyyadasegeign waslivsunaiuedin
ygefian agelsinumsiinsfinwviavesasdfguaznsiiansiifignsdueuya
daszvasnantavaaunldusylosusuaunnwliunsvalsuindu wenaintadsiaun

HAnAlduNaNvesasaianendasiazantumsuslnafiainsinueyyadase

Liled

JoLEUBLUY

ARATEAI8ITNITOUTIUAEY

£

WeUYADATY LU AT ABTS

A13Y1N19LUSHULNBUNITNAAB U NTATUD
\109971n35 DPPH 18uisilesdundelunismasaeugy
assay 35 FRAP assay wipfialasunlvnsiliieusnydauazimnusunaasiniesrlsenau

Tuasain

ARRNISUUITZANA

1%
av A

NuIdeilasunuaduayunisinideainausInerdansuazinalulad
UMINYINETNYANUATAITIA UALVBVDUANAIVIIVAN ANEINGIMIARTILAY
wAlulad LagAudInemans InINeIaesI9AUATAITIA NTAINBULATIEY

nsldgunsaluazanuinlunsvin’ide
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Abstract

This research focuses on the optimization of growth conditions for
Wolffia, the smallest flowering plant, utilizing an AB hydroponic fertilizer culturing
system. The study addresses the increasing global demand for sustainable and
nutritious food sources, positioning Wolffia as a promising solution due to its
rapid growth and high protein content. The research methodology involves a
systematic investigation into the effects of varying nutrient concentrations, light
intensities, and pH levels within the AB hydroponic system. The results highlighted
the significance of AB fertilizer concentrations, with 5 ml/l demonstrating superior
growth rates and quality metrics. Surprisingly, lower light intensities (3,000-6,000
lux) yielded the highest growth rates and thallus size, challenging conventional
expectations. pH levels exhibit a non-significant impact on growth, emphasizing
the adaptability of Wolffia to a broader pH range. Controlled environmental
conditions further validate the success of the optimized hydroponic system.
Proximate analysis reveals Wolffia's nutritional richness, supporting its potential

as a functional food source. This research contributes valuable insights to
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hydroponics and sustainable agriculture, positioning Wolffia as a resilient and
resource-efficient food source. The findings have implications for global food

security and potential applications in space agriculture.
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Introduction

The increasing global demand for sustainable and nutritious food sources
has driven the exploration of unconventional alternatives. Wolffia, the smallest
flowering plant, offers a promising solution due to its rapid growth, high protein
content, which can range from 20% to 45% of its dry weight depending on the
species and growing conditions (Sree et al., 2016) and potential applications in
both food production and environmental remediation. However, to fully realize
Wolffia's potential as a viable food source, there is a critical need to standardize
its growth conditions, particularly within hydroponic systems. Our research
addresses this gap by optimizing the growth conditions of Wolffia using an AB
hydroponic fertilizer culturing system, which has yet to be thoroughly explored
in existing literature.

Hydroponic systems have emerged as efficient alternatives to traditional
soil-based cultivation, providing controlled environments that can be precisely
tailored to meet the specific needs of various plant species. The AB hydroponic
fertilizer, known for its balanced nutrient composition, presents a unique
opportunity to fine-tune the nutrient supply for Wolffia. AB fertilizer, commonly
used in hydroponic systems, is composed of two main components: Solution
A, which typically contains calcium nitrate and iron chelates, and Solution B,
which includes potassium nitrate, magnesium sulfate, and a blend of micronutrients
such as boron, manganese, zinc, copper, and molybdenum. These nutrients are

essential for the growth and development of Wolffia, as they support various
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physiological processes. Despite its potential, no standardized hydroponic
protocol currently exists for Wolffia, limiting its scalability and broader application.
Our study aims to bridge this gap by systematically investigating the effects of
varying nutrient concentrations, light intensities, and pH levels within the AB
hydroponic system, thereby laying the groundwork for the development of a
standardized protocol.

Previous studies have underscored Wolffia's potential as a high-yield,
low-resource-input crop with diverse applications. Nutritional studies, such as
those by Kaplan et al. (2018) and On-Nom et al. (2023), have highlighted Wolffia's
rich protein content and its applicability in addressing malnutrition, particularly
in resource-limited regions. Environmental applications have also been explored,
with Pandey et al. (2020) and Delgado-Gonzalez et al. (2021) demonstrating
Wolffia's effectiveness in phytoremediation and wastewater treatment.
Additionally, the potential of Wolffia in space agriculture has been investigated,
with Romano & Aronne (2021) and Romano et al. (2024) examining its adaptability
to altered gravity conditions and its suitability for extraterrestrial cultivation.

While these studies provide valuable insights, none have focused on
optimizing Wolffia's growth within a hydroponic system, particularly using the
AB fertilizer. This study builds upon the existing body of research by introducing
and evaluating a novel approach to Wolffia cultivation that could enhance its
growth efficiency and nutritional profile. Specifically, this study seeks to investigate
the effects of varying nutrient concentrations on the growth rate of Wolffia in
an AB hydroponic system, assess the impact of different light intensities and pH
levels on Wolffia’s growth performance, and develop a standardized hydroponic

protocol for optimizing Wolffia cultivation.
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Materials and Methods
1. Experimental Site and Plant Selection

The experiments were conducted at Udon Thani Rajabhat University
in Samprao District, Udon Thani Province, Thailand. Locally sourced Wolffia
globosa (Fig. 1) from Nongbua Lamphu province was chosen for this study due
to its availability and previous indications of robust growth in regional conditions.
The species was identified and verified through morphological examination and
comparison with standard taxonomic references. Cultivation took place in twelve
rectangular basins, each measuring 90 cm in width and 120 cm in length, within

a greenhouse environment (Fig. 2).

. 4

Fig. 1 W. globosa collected from a natural pond from Nongbua Lamphu

province. Bar = 0.5 mm
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Fig. 2 W. globosa cultured indoor in three different culturing systems and
setup all culture systems in a greenhouse controlled by microcontroller

connected with Wi-Fi and e-W Link software.

2. Culturing System Design:

A completely randomized design (CRD) was employed for the indoor
culturing of W. globosa to determine growth rate and quality. The variables
under investigation included AB fertilizer concentrations (1, 3, and 5 ml/). Each
treatment was replicated thrice, and a control treatment was included for
comparison.

3. Environmental Condition and Monitoring:

Conditions such as light-dark period, light intensities (5,000-8,000 lux),
pH levels (5-8) temperature (25-35 °C), moisture (70-92%), Dissolve oxygen (DO),
NO,, and NO3_ were not directly controlled. However, monitoring occurred at
seven-day intervals, aligning with data collection points.

4. Growth Measurement:

The growth assessment of W. globosa involved tracking fresh weight

and frond size over a 28-day cultivation period. Measurements were taken
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weekly, and the plants were returned to their respective systems. Dry weight
determination was carried out by overnight drying in a hot air oven at 60 °C.

5. Data Analysis:

Data analysis involved descriptive statistics and one-way analysis of
variance (ANOVA) with subsequent Duncan’s multiple comparison tests.
Statistically significant differences were determined at a probability level < 0.05
(p < 0.05).

6. Proximate Analysis:

The same amount of 250 ¢ for fresh and dry samples (dry samples
derived from 5 kg of fresh samples by drying with an oven) of W. globosa
subjected randomly to horizontal surface agitation were sent to the central
laboratory Thailand Co., Ltd., for proximate analysis.

7. Ethical Considerations:

Due to the small size of Wolffia plants, ethical guidelines and approvals

were not applicable to this research.

Results and Discussion

1. Effects of AB Fertilizer Concentration on Growth and Quality of
Wolffia globosa

The growth metrics of W. globosa under varying concentrations of AB
fertilizer revealed a clear dose-dependent response (Tables 1-3). The highest
concentration of 5 mU/L consistently led to superior outcomes across all measured
parameters, including fresh weight, production rate, and frond size. These results
suggest that increased nutrient availability significantly enhances W. ¢globosa
growth and development.

One potential reason for the superior performance at the 5 ml/L
concentration is the balanced nutrient composition of the AB fertilizer, which

may have provided optimal levels of macro and micronutrients necessary for
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W. globosa’s rapid growth. Higher nutrient availability likely supports increased
photosynthetic activity and protein synthesis, crucial for the plant's biomass
accumulation.

However, it is important to consider whether an even higher concentration
could yield further improvements or if there exists an upper limit where the
beneficial effects plateau or even reverse. Although this study did not test
concentrations higher than 5 mU/L, future research could explore this to determine
the optimal nutrient range for W. globosa cultivation.

2. Influence of Light Intensity on Growth

Interestingly, the study found that W. globosa exhibited the highest
growth rates and larger frond sizes under lower light intensities within the 3,000-
6,000 lux range, which contrasts with typical expectations that higher light
intensities would enhance growth. This unexpected result could be due to
W. globosa's adaptation to shaded aquatic environments in its natural habitat,
where excessive light might lead to photo-oxidative stress or hinder nutrient
uptake efficiency.

Comparing this finding with existing literature, it appears that while
many aquatic plants thrive under moderate to high light conditions, W. globosa
may have evolved mechanisms to optimize its growth under lower light
intensities. On-Nom et al. (2023) demonstrated W. globosa’s versatility in different
applications, but their study focused on its use in processed forms rather than
on raw growth conditions, making direct comparisons challenging. Nevertheless,
our findings suggest a unique light requirement for W. globosa that could inform
cultivation practices, particularly in controlled environments with limited light
availability.

3. pH Level Adaptability

The study also explored the effects of pH levels on W. globosa

growth and found no significant differences in growth rates and frond size across
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the pH range of 5-8. This adaptability to a broad pH spectrum is noteworthy,
as it contrasts with many hydroponic crops that often exhibit optimal growth
within a narrow pH range.

W. globosa’s ability to thrive across various pH levels may be attributed
to its efficient regulation of ion exchange processes and cellular homeostasis,
allowing it to maintain growth and nutrient uptake under different pH conditions.
This resilience to pH fluctuations enhances its potential for diverse hydroponic
systems, where pH control can be challenging.

4. Environmental Conditions and Their Influence

The controlled environmental conditions during the cultivation period
(Table 4) provided a stable framework for evaluating the effects of the
experimental variables. The maintenance of suitable light-dark periods, light
intensities, pH levels, temperature, and nutrient concentrations minimized
external variability, ensuring that the observed differences in growth were
attributable to the AB fertilizer concentrations and other controlled factors.

However, slight fluctuations in environmental parameters, such as
temperature and dissolved oxygen (DO), were observed. While these did not
appear to significantly impact the overall growth outcomes, they highlight the
importance of continuous monitoring and potential adjustments in long-term
cultivation practices.

5. Proximate Analysis and Nutritional Composition

The proximate analysis of fresh and dry W. globosa of random samples
(Table 5) revealed a nutrient-rich profile, including high protein content, essential
amino acids, dietary fiber, and minerals such as calcium and iron. These findings
align with Kaplan et al.'s (2018) emphasis on Wolffia's potential to address
malnutrition, particularly in resource-limited regions.

The nutritional composition of W. globosa supports its application as a

functional food source, with potential for inclusion in diverse dietary products.
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As explored by Monthakantirat et al. (2022) and Siriwat et al. (2023), the rich
protein and antioxidant content of Wolffia could be harnessed in developing
health-promoting foods, furthering its relevance in the context of global food
security.

6. Implications for Sustainable Agriculture and Space Exploration

The optimized hydroponic system developed in this study provides
valuable insights into the cultivation of W. globosa, with implications for
sustainable agriculture. Given its rapid growth, minimal resource requirements,
and nutritional richness, Wolffia presents a viable alternative for enhancing food
security, particularly in regions with limited arable land.

Moreover, the adaptability of W. globosa to varying pH levels and lower
light intensities may extend its potential for space agriculture. Romano et al.
(2024) explored Wolffia's growth under altered gravity conditions, suggesting
its suitability for extraterrestrial cultivation. Our findings reinforce this potential,
demonstrating that Wolffia can thrive under controlled environmental conditions,
making it a strong candidate for inclusion in space missions focused on sustainable

food production.

Table 1 Fresh weight (g/m2) of W. globosa cultivated in three different

concentrations of AB fertilizer

AB Fertilizer Days-culture

Concentration

(MWL 0 7 14 21 28

1 mL/L 25+0.1 53+0.22b 89+0.30c 129+0.33¢  150+0.35c¢
3mL/L 25+0.1 58+0.40ab  103+0.25b  149+0.45b  178+0.30b
5 mL/L 25+0.1 61+0.33a 122+0.22a  159+0.29a  219+0.30a
Control 25+0.1 50+0.56¢ 78+0.48d 112+0.40d  138+0.39d

e significant difference in mean of column at p < 0.05

Vol.12 Issue.2 (May — August 2024) | Uit 12 atud 2 (WuA1AYN - FMAY 2567)



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

106
NTETIEIManiLaziialulad UIMINYI[YINTNYATT U

Table 2 Production rate (g dry weight/m2/d) of W. globosa cultivated in three

different concentrations of AB fertilizer

AB Fertilizer Days-culture
Concentration (mU\) 7 14 21 28
1 mL/L 2.6+0.02b 4.45+0.03b 6.29+0.03b 7.35+0.05cd
3 mL/L 2.8+0.04ab 5.15+0.05ab 7.26+0.05ab 8.72+0.03b
5 mlL/L 3.0+£0.03a 6.1+0.02a 7.75+£0.09a 10.73+0.03a
Control 2.46+0.06C 3.9+0.08c 5.46+0.04c 6.76+0.09d

e significant difference in mean of column at p < 0.05

Table 3 Frond size (mm’) of W. globosa cultivated in three different

concentrations of AB fertilizer

AB Fertilizer Days-culture

Concentration

(MWL 0 7 14 21 28

1 mL/L 0.40+0.01 0.48+0.04 0.50+0.05¢ 0.54+0.02b 0.49+0.04
3 mL/L 0.40+0.01 0.57+0.05 0.56+0.32b 0.55+0.03ab 0.54+0.02
5mL/L 0.40+0.01 0.55+0.03 0.57+0.03a 0.56+0.03a 0.55+0.04
Control 0.40+0.01 0.51+0.05 0.50+0.04c 0.50+0.03c 0.48+0.04

e significant difference in mean of column at p < 0.05

Table 4 Environment condition during the cultivation (June 2023 - September

2023) in five culture systems

Parameters value
Light-dark period About 12:12 hrs
Light intensities 5,000-8,000 lux
pH levels 5-8
Temperature 25-35
Moisture 70-92% RH
Dissolve oxygen (DO) 3.2-12 mg/L
NO”, NO, 0-12.5, <0.3 mg/L
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Table 5 Proximate analysis of Fresh and dry samples of W. globosa subjected

to horizontal surface agitation

Nutrition information of Wolffia globosa

Serving size: 1 sachet (250 g.)

Fresh Dry
Amount per serving: 1
(Percent Thai RDI)* (Percent Thai RDI)*
Total fat 0¢. 0% 0¢. 0%
Saturated fat 0¢ 0% 0¢ 0%
Cholesterol 0 mg 0% 0 mg 0%
Protein 2. 6 g.
Total carbohydrate 2 1% 19 ¢ 1%
Dietary fiber 2q. 8% 8¢ 8%
Sugars 0sg. 0.
Sodium 25 me. 1% 85 me. 1%
Vitamin A 10% 0%
Vitamin Bl 0% 0%
Vitamin B2 0% 0%
Calcium 6% 70%
Iron 6% 150%
*Percent Thai Recommended Daily Intakes for population over 6 years of age are based on a 2,000
kcal diet
Conclusion

Our research provides valuable insights into the cultivation of Wolffia
globosa using an optimized hydroponic system, particularly highlighting the
optimal AB fertilizer concentration of 5 ml/L and the favorable light intensity
range of 3,000-6,000 lux for maximizing growth. This study advances current
knowledge by demonstrating Wolffia's adaptability to varying environmental

conditions, offering a novel approach to its cultivation. The findings underscore
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Wolffia's potential as a resilient and resource-efficient food source, positioning
it as a promising solution for addressing global challenges related to food security

and sustainable agriculture.
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Abstract

The decision-making process for selecting the processing and development
of bamboo products to enhance product value is a complex problem due to
the various criteria that need to be considered simultaneously. Therefore, this
research proposes the hybrid AHP-TOPSIS technique for evaluating and prioritizing
importance. It begins by defining relevant criteria used in decision-making, dividing
them into sub-criteria, and assigning importance levels to each criterion. Then,
scores are given to each criterion based on their importance levels using the
AHP technique. Subsequently, the TOPSIS technique is utilized to rank and select
the most efficient alternatives. By calculating the positive ideal solution (5i*)
and negative ideal solution (57, as well as the relative closeness coefficient (Ci*),
the criteria deemed important according to the needs of the decision-makers,
7 decision-making criteria, and all 5 alternative product processing methods from
bamboo are assessed. The results of calculating the relative closeness coefficient
(Ci*) are as follows: bamboo pressed product (A3) = 0.764, followed by bamboo
reed product (A1) = 0.502, bamboo charcoal product (A5) = 0.258, bamboo
skewer product (A2) = 0.167, and bamboo toothpick product (A4) = 0.154,

respectively. Therefore, the method proposed in this research can serve as a
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guideline for selecting the processing and development of suitable products

to enhance the value of other products.

Keywords: Product Processing, Bamboo, Multiple Attribute Decision Making,
AHP, TOPSIS
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way DSS (Kailomsom & Wichapa, 2022), (Boonkanit, 2020) Foduniseiidenss
narUILNMIEUTLTATIEY (AHP) uagiBFesd1dunuugauai (TOPSIS) Fartmun

¢ al o

a o e ¥ € v a aa
LﬂiLWI‘Vlﬁ’]ﬂZUGﬁllﬂ?’m@aﬂﬂ’]isﬂaﬂaﬂizﬂ@‘Uﬂ’]i 7 inuiandula LLa%’Jﬁﬂ’]iLL‘UiE‘U

<

a o 3

nanSaanldliiavun 5 Maden Fua1n3s AHP danuanansalunisuiadgninig
nsindulafiduteussedisviloululasadadududaesilinisussdiudngula
Wiguiflgukuuasevnianaeiuagmaden felunisiuaiudugfimsimuaainy

o v adAo o ¢ ] ¢ o v o 2 = I~ a a
ANAEUNEHUNUDTVDULAALENEUN LATANNUYINUNATDINIUA DA LALIT TOPSIS dUszansn v

Tupsdnardumadenauanulndidssivanusiidululananan lnefiarsanviaen
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9AuARIBIUIN WazAngauARIBsaU 35 TOPSIS (To-On et al,, 2023) 1hiausisains
douloslifissundnuvasiinwidumdoadoveunasmadenifuddmuniidileig
vilidunseslefifiussansamnnsuszgndld Hybrid AHP-TOPSIS (Nasawat et al.,
2021), (Ransikarbum & Chanthakhot, 2020) léinsdadulaienfunaeivaznis

@

AEUMARNNANNEN BT AMENURTaINTEUIUNMSRaUlanidudey Auld

A o au & [ [ 2 v a ca
‘1/]‘1«!7Lﬁu@IUQWU’Jﬁ]EJUﬁ’]N’]iﬂLU‘NLLU’JW’NIUﬂﬂLa@ﬂﬂ’]iLLﬂiEULLa%WW‘H’]NaWﬂm%VI

wingauieLiuyaAWdn o 9 1o

ABAliunsy

mu‘iﬁaﬁﬁwLauamiﬁm’ammﬁmﬁﬂﬂamﬁwﬁz:yﬁum‘i%mﬂmigﬂ LazNmUN
wanSaranlsile Buends AHP adslassdriuduvesdam mudenisadraunsng
maUSeuifisuneduesifenmauserrin mnduiansuunindmaisudioy
'31&1@:%Qﬂﬁm’;fuLLa3131mﬂfﬁumiﬁﬂmmﬁmﬁﬂmmﬁﬁmmmLwiaﬁ% &Nty
ihdeyafildazgnuaaeuanudonades warnsiunudmiin funougasie TOPSIS
gnidlunmsinduduniaien (Singh et al., 2023), (Sharma et al., 2020) fauans

Iugﬂﬁ 1

v
o

Sunoudl 1: aralasadedsuda
¥
Funoudl 2: Wisuileutladese \ug Tuusazsziutu
¥
Fumeud 3: ﬁwmmﬁmﬁﬂmméf’]ﬁzyiumiamzﬁu
¥
Fumeudl 4: aydeunLAEARZY
¥
Sunoudl 5: ﬁwuamﬁwuﬁﬂﬂzLLuummﬁwé’aﬂmqué‘aﬂ

Taeld AHP-TOPSIS

Ul 1 MsiSeuiiouideunsssss AHP-TOPSIS
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n1sussendldinaiia Hybrid AHP-TOPSIS
1. ASEUIUNSERUTAIATIZY (AHP)
FumsUMTIATIERTeINITUILIMS AHP Uszneusetuneundne 5 tuneu
(Ozer, 2008), (Saaty & Kearns, 1991), (Saaty, 1985)

o
[

Jupeauil 1 lnseasiaaudy dauanslugui 2

3UN 2 lasasneadiutuves AHP

nstmuanasiienuelunnszdunsdanudgnasetulasgidesra
wazfduldduds 15 au Joyaiildnmsdunivainadlasedediduduni
gl AHP sdU 0 Fio ynadenIsmsudssunanfamionliilifimnzandian sefui
1 Usznausenadivdn 7 wnah 1o 1w3e9dns (C,) wlpuisuaznisuinis (C)
AUNUTIN (Cs) anulasafoLarduindey (C,) nsiaunanfos (C,) n1smain
LAENIUY (Cp) uazusaan (C,) lusedud 2 7 5 madenlunisuussundnfusiann
1ila Toun wdnseusildngiieu (A)) wﬁmﬁm%ﬂlﬁtﬁaugﬂﬁu (A,) ndnsnualilien (A,)
wanfausilsRuiiy (4,) wazndnsarieliilsd (4,)

Funoudl 2 \unsimsitedeisuiteutadosie iaze lngldnnaa
wiEngnaidsuiiisuiuug (Paiwise Comparison) wagimuafaud U
1:9 tevhmaUSsuiiiey anuvsnevesiiavusiazilduandlumsed 1 ludauves
mTamRIngMsUTeuisuLUUgULAYe AN A Sluuiaiiiu n x n Taedl n Ae

Suuvesnasiviemudeniiseinsimaieudieu waz a; \Wudiaviilduans
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NI TIMEIeansuazmalulag v Inedesvinenseil

= = ! s . W s, A o a ¢ = =
AMFUTIUNUTEIINUNUNN | ﬂ‘ULﬂELWWUIG]EJ‘VIC‘]’JL@‘SUIHG]’]TNLﬁJmiﬂ"ﬁﬂ'ﬁL‘Uﬁ'HUW]EJU

wuuRiaNuEuTy

1%
v a

899U (Velmurugan et al., 2022), (Dinkoksung et al., 2023),

(Wichapa & Sodsoon, 2023), (Nasawat et al., 2020)

a; =1/a, (2)
a; >0 (3)
' _ n .
A15197 1 uanemuvanegvesmlauUIguigusee
szRuAMUFIALY Auanadudiay

(Preference Level)

(Numerical Value)

U (Equally Preference)

WinudsUIunas (Equally to Moderately Preference)

U1unane (Moderately Preference)

Urunasiisroud1aunn (Moderately to Strongly Preference)

ABUL19UA (Strongly Preference)

ADUTINUINEUINAT1 (Strongly to Very Strongly Preference)

111N (Very Strongly Preference)

mﬂﬂ’jﬁﬂmr\ﬂ'qm (Very Strongly to Extremely Preference)

mﬂﬁqm (Extremely Preference)

1

O 00 ~N O U ~AWLWN

anuaASNGUTUTIEULUUAITLAASAULIRTNG A

&; & Qg &,
A — a21 a22 a'23 a2n
L a“n1 a“n 2 a'n3 a'nn

nxn
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Funeudl 3 ﬁﬂmz:mjmﬁﬂmmﬁﬁzyflmwiamzé’umﬂmiwLm%ﬂ%mi
Wisuifisuuuug Ineditunougondsdl

1) HaTINKUIAANATDINNTINATNGNI SISl UL wanslu
aunsil (1) - (@)

2) wesuealatiun3ng (Normalized Matrix) wansluaunisi (5) agld

AT UDINOALATUASND (Ayom)

Al\lorm:[aij/alj]:[aij] Vi V] (5)

e e A
Gl a, d; a,
0 o w e
A\IOI’mZ al aZ a3 a1
W B
/4 a, a5

nxn

Norm

L nn _1nxn

3) mAutnaudAyInuesuealadusing lnemaadslunsaz

upauandluaunisi (6) - (8) nadnsilaretmtinaudAyvesiaazinud
—_\n .
Wi_zj=laij/n Vi

WTz{Wl W, W - Wn} 7

B:{b.l b, b - bn} (8)
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Fupoudt 4: nvEeuALEDnRdaTunoudey wandluaunsT (9)
1) mwauAn A max
el AW = B
A fio lWA3NgN1SUSEULBULUUA YA nxn
W e wasndihmnusazinast vunm nxt

2 a s T
B A LWUHINTHNARNYVDI AW

a; &, 3 - &, W bl

A Ay By G ||W _ bz
an1 a‘n2 an3 T ann Wn bn
Amax = 2ia (AW, /B)/n 9)

2) MumARsiinauaenndes (Consistency Index: Cf) wandly

AunSh (10)

Cl = (A, —N)/(n-1) (10)

3) yAPIiANaRAABATNEL (Random Consistency: RI) 210911519

i

M13199 2 UansPUdLiuS sErinsAndvilANLaenAT oUT L UazuuIAvRILeEnG (N)

N 2 3 4 5 6 7 8

RI 0.00 0.58 0.90 1.12 1.24 1.32 1.41

4) Munens1IALEenAdes (Consistency Ratio: CR) wansluaunis

CR=CI/RI (11)
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Y v

ANDRIIAINUFDAARBIAITEILAL 0.1 811 CR AUAINIASFIUNIUALY

o3

o
U e o

mnedeiddeinnanlunszuiunsitadeivinliliaenadostu fufuadesing
yuyuvseUuTInsrUunMAtedudeufiassiiunisussiiuvdeitesdell
Funoudl 5 Fuarmiinanudfyvemaden
2. WFvAMUUUUANAR

agaa

35 TOPSIS Wuisndeuldlunsudtymnisandulawuu MADM tiienn

[

& a ::1' o’ ) &
VlﬂﬂLaEJﬂVleJ’lzﬁiJ‘Vlfjﬂ I@EJLLUQLUH 6 YUHDU AU

Jupeuil 1 afmsaamsngnisviinsdaaulalas s Aeteyadiarain

nsihnsinduladmiumadon | waslads 1 e A unumiauden (Altemative)

uag f, wnutadey wansluaunisi (12)

f1 fz fs e fn
A& X4 X5 Xz 0 X,
Al Xy Xy Xy o X (12)
An an an an t an

& ] o a ¢ ° o a x 5 .
YUNDUN 2 ai’NLuVﬁﬂ%miW}mimmaﬂﬁ]LLUUH@imaiaLGUGUu (Normalized

decision matrix) IngAwinudaza1 B wandluaunisn (13) lnegauszasdiioldeu

Haefiinarenienasnulmdudadonuulaiinuae

r X Vi=l..m (13)
i [ 'Vj=1..,n
(B

Tumoud 3 Mndeyatntnveslade Vi dsldvnnsiideya wazdeya
Asvinnsinaulakuuuesialawdy B Trasians1aunsngnisvinnisenaulawuu

yosialawdunaisindnuwallnenian Vi wandluaunisi (14)
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Tupauil 4 Mndeyamsndnisvinisindulauuuuesdalawdunda

wiinuatneiu Vi AuanatgauafiniauIndalumnfngaunuiie A wazAuiue

3

Tugauainisaudufuefigaunusg A uansluaunisi (15) - (16) auaau lnei

9

J A9 wrve9Uadedaunged @y J' Ao wnveeladudalouden

A = {V;,...,V:} : I@ﬂﬁ Vo= ma_x(vij) Lﬁ@ jel (15)
'omin(yy) jeld!

A= ) Toeit = M0 gy e (16)
bomax(v;) jeld'

URUN 5 AMUIUKIAITANITUEN (Separation Measure) d1nsuusas

2ee

MAuFen i InganunsoAuINInNIsHENIINAUEANARNIAUIN S LATAIUINATT

wonanAlugauainiay S wansluaunisi (17) - (18) audey

(18)

[ '
U I

JUABUN 6 AUIIAIANUINATAAUNNS (Relative closeness) Mantna

[ YK

*

| aaa o v = L a ! * P ' A o ya
ANATIan dvsumaden j Senndt o wanstuaunisi (19) lnean & Aauwaladen
5811319 0 89 1 anuvingvesdn & filafe 0 Aeynadeniiugnanuay 1 Aeniadion

Anan wandluaunisi (20)

oo s,
i Si* +Si' (19)
« Li =A
C, = I,f A A, (20)
0if A=A

[ '
U a Y * o U 1

= Ya o o & Y I adad
YURDUN 7 ﬁ]qﬂﬂﬁqﬂlﬂﬁsﬁﬂauwmﬁm ‘Uﬂﬂam‘ﬂﬂw?’m G @MNTULLHATNY
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NANITIVURAZNITDAUIIENAIVY
1. amsAITensTUIMIETUTUT AN
madendduanuddnienseuiuns AHP Wunsdadulaaniadeds
AwEdnlnegidennngy sy 5 au Tngldweniung B-BOX namsfulmANTzUIL

A5 AHP LLﬁ@ﬂu&ﬂiN‘ﬁl 3

A543 WnSngnsenaula

ltems (o C, C; C, Cs Cs C,
A, 0.057 0.077 0.081 0.046 0.064 0.080 0.072
A, 0.016 0.016 0.019 0.024 0.026 0.018 0.014
A; 0.136 0.105 0.109 0.138 0.108 0.107 0.101
Ay 0.005 0.005 0.006 0.005 0.005 0.006 0.011
As 0.038 0.039 0.028 0.034 0.034 0.033 0.036

SUM 0.502 0.493 0.494 0.498 0.487 0.493 0.484

Weight 0.03 0.25 0.08 0.11 0.25 0.16 0.12

Han1sAUInIMTnANE Ay veIIsn1suUsgURERS NIl lNuAae s
Taeltnsguiunts AHP Ingldwanaunas B-BOX @e C; windu 0.03, C, 111U 0.25 uag
C5 WA 0.08 MuaIaY

Y = Y

2. HaN153YIBTLIEAULUUIANAR

HANITIATIERAETTIEEAuULUUgANAR tneldgansuis Microsoft Excel
2021 wamsAmnaABiFesdduLuUgauaf tneEunaaviindnisindulaiidu
asg uandlumadl 4 nindumsiasgimaaeingnsvhmsinaulawuuiy
anafidasimiinlngldfoyavesdnimiintadanisnisudsyunandasianliflide
Anszuiuns AHP uandlupseil 5 udihwadildundumagauadilauan (PIs)

WaZANRANARLTIAU (NIS) kanslum13e? 6-7 liawinAdiansuenanAmeauly
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RALARYIUIN (%) wazAiinnisuenandAmeulugauafiniay (S Tiudied1ny
Inagaduning (G uanslunisen 8 dwsuusdazUadeisnisuussundnsdaeianlidl

ANUAINU

M15°99 4 wvisndnsdnaulanifuinnsgiu

ltems (o C, Cs C, Cs Cs C,
A, 0.113 0.157 0.165 0.093 0.131 0.162 0.149
A, 0.032 0.033 0.038 0.049 0.053 0.037 0.030
A; 0.270 0.212 0.221 0.277 0.221 0.217 0.209
Ay 0.010 0.011 0.013 0.011 0.011 0.011 0.023
As 0.076 0.080 0.056 0.068 0.070 0.066 0.074

A1519% 5 Ln3ngn1sandulanuuaisiinineuuinsgIu

ltems (o C, Cs C, Cs Cs (o
A, 0.004 0.040 0.013 0.010 0.032 0.025 0.019
A, 0.001 0.008 0.003 0.005 0.013 0.006 0.004
A; 0.009 0.054 0.017 0.030 0.054 0.034 0.026
Ay 0.000 0.003 0.001 0.001 0.003 0.002 0.003
As 0.003 0.020 0.004 0.007 0.017 0.010 0.009

A1519% 6 ARANARLTIUIN (PIS)

ltems C, C, C, C, Cs C, C,
A, 0.000  0.000 0000 0000 0000  0.000  0.000
A, 0000 0002 0000 0001 0002 0001  0.001
A, 0000  0.000 0000 0000 0000 0000  0.000
A, 0000 0003 0000 0001 0003 0001  0.001
As 0000 0001 0000 0001 0001 0001  0.000
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ATedl 7 AnganaRiBsau (VIS)
Items (o C, C; C, Cs Cs C,
A; 0.000 0.001 0.000 0.000 0.001 0.001 0.000
A, 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Az 0.000 0.003 0.000 0.001 0.003 0.001 0.001
Ay 0.000 0.000 0.000 0.000 0.000 0.000 0.000
As 0.000 0.000 0.000 0.000 0.000 0.000 0.000
M59di 8 duUseAnsillndaigauniiian
Items S* S c* Rank
A; 0.052 0.053 0.502 2
A, 0.107 0.021 0.167 4
As 0.023 0.073 0.764 1
Ay 0.124 0.023 0.154 5
As 0.088 0.031 0.258 3

a L3 L o w o

HANTIATIEYNTInaAuANd Ay lunsAmdenn1suUTsUREASueIaN

ild madenfifian Ae A; nanduaildlugn, A, naadualdngiiou, As nandua

9

auldlel, A, ndndaueildideugnau, A, ndnduanldaudiy auddu

d3UNaN133Y

Nudeidnauamedia MADM uuunawildlunisAnidennisulsguuagiann

a

nanAnean e ImsJL'%'uﬁumﬂmiﬁmummmeﬁmﬁwﬁmmmmméfam’ﬁﬁuaqéﬂszﬂau
3 7 inaiidinaulandnitszylunsdfnunilfe 1ndesdng (C) ulsursuaznisuims
() é]’unuim (Cy) aruUasnsouazduindon (Cp) MINMUNARA N (C,) NITAAN
LAZNITVIE (Cp) UazUTNY (C,) T3BnsudsgUndnsusionldliismmn 5 naden

laun wandueiliineiieu (4, nandaeildideugnaiu (A,) nanduiliilidn (4,) uan

Arunldduiu (4,) wasnandugiauldld (4. Tuduneudaly dn1susediulagly AHP
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UuLamma%é’ﬂéfuﬁﬁﬁmLLazﬂfwwﬁﬂﬁm%’Unﬂizﬁu 389U 1 waw seU 2 ntwhng
Fndrdumadenlagld TOPSIS ldenmadoniiffian wanisAmnramilnddaduing
(Ci*) o WanA I lallasn (A5) = 0.764 aumMENanN 9 lnzIAeU (A,) = 0.502 Wan
Sousiulsile (A) = 0.258 wBnAwsiliABUgTU (A,) = 0.167 wawnAnnusiléfTuily
(Ag) = 0.154 muddiu defveanadauuunaunauiitiausasnsatislunisiden
madenfiiiandmiumsulssuuaziannndasasianldbidumadafifiuszdnsam
wazdemgulunmsuidaminasindudou dmsunuidsluouan fidouuziumaia
MADM gy MAVT, PROMETHEE, SAW, GRA, ELECTRE, DEA, VIKOR wag TOPSIS

Y] o v 4'

anunsathludssendldlulgmnisifenndndugiidudoudy o arunsaiunneinig

%

fnaulakasmadanta

fnAnssuUsEnA

ARdeveveunngiavnguvunguiUgnlisnevimeifieu duavineieu
gnevineuiou Jwinasdans anTidTeuasiau i Ingndesuiguesuns
wazIATeansulsrnaniioatiuayunuyagu (Fundamental Fund; FF) $nasssu

@ o

Uszanaainnesuduasinetrans deuwasuinnssy (@na.)

LaN&EN581989

nudaENNSIAYAS. (2563). glalAsinIsauasunIsInyTUsy91UeUYsEaIad W.A.
2563. ngunn: dinduasuuazdnnisdunnuns.

antudswandonlne. (2564). 1153ims1evvaelwyamveslkTuYszAlNeY . UuMS:
an1fudsnndonle.
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