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Abstract

The purposes of this research were to investigate the content of
phenolic compounds, flavonoid compounds, antioxidant activity and cytotoxic
of hexane, ethyl acetate, and methanol extracts from Cratoxylum formosum
leaves against MCF-7 human breast cancer cells. The experimental results
indicated that methanol C.formosum extract had the highest content of
phenolic compounds, flavonoid compounds and antioxidant activity of 150.21
mg GAE/g, 41.81 mg QE/g, and 9.87 mg/mL, respectively. Methanol C. formosum
extract had the highest inhibitory activity against the growth of MCF-7 human
breast cancer cells with I1C5y of 12.45 + 2.69 pg/mL.

Keywords: antioxidant activities, cytotoxic, breast cancer, Cratoxylum formosum
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asneldaainia (rotary evaporator) figuvniiuszana 45 esrwaidoa azle
Dudratanervluialutuenisy (hexane crude extract) Fatminvesansaria
weUils vdantunieusegndluimiieuiuusiuasuanivhazaneenay
Juefiaev@wsnneldaamgivszunn 45 ssrwadva wasiumueaneldgumgl
Ussane 45 asrnwadea agldansatinmeuluinen wnwy ansafaveuluiaen
lofiaerdinsn wazansafnneuluiianuniuea Mulndesasvesansatianeny
wasmUSunaasusenouiiuednnanun Usinaaisusznaunaliusesinanue
qissueyyadasy wazanulufivdeivaduzFadiuy (MCF-7)

nMseuadosazvesansataney (%w/w) = (iutansafinuenu x 100)/
drminurs

2. mPwszEUBInaansUsznauTiuednnemun (total phenolic content)

Usuuansusznaufiuedniianuagniiasizvidae3s Folin-Ciocalteu
colorimetric Taganulasisann Majhenic et al. (2007) Tgnsawnadn (gallic acid)
Wuansumsgu ImawammiazmammgmﬂsmLmaéﬂﬁmwwﬁwﬁumq6] (0.05, 0.1,
02, 0.4, 0.8 uaz 1.0 Jadndureiadans) vieansatavieulumildandvinazaiy
Tute 1 (ANuNduY 1.0 Jadnsudeiiadans) Usuins 0.2 Tadans Auaisazay
Folin-Ciocalteu reagent fienududu 10% (vv) USu19s 0.8 faddns inisiag
Tidniu uasunfiguugiviesdunen 5 it mndu iuansarmelmfionnnsuaiun
(Na,CO5) Aa1usdudy 2.5% (wiv) USuas 1.0 Raddas werlidadu vud
sumpiivieadunan 20 unit Jasnsganduuasiinimeniadu 760 uilumns fe
LEGR UV-vis spectrophotometerIﬁaﬁﬁﬂﬁﬂﬁaaﬂﬁy}ﬂwmm 3 %ﬂLLﬁzM’lU%mm
mi"digﬂau?\luaéﬂﬁwmimmﬁwﬁuﬂﬁwwywmgmﬂimmaaﬂ s1gunatiunie

mg Gallic Acid Equipment (GAE)/g a1saninnenu

=
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3. MaATgiviinuasUsznaunatliussfianun (total flavonoids
content)

UsinaamsUsznouriailuesdiungnieseidngds evgiidenlnsnaslsd
(Aluminium trichloride) colorimetric lna@alUad3591n Arvouet-Grand et al. (1994)
Tngldlnasdiu (quercetin) luaNAsHIU HaLATazANBARTF AR TALTIADL

LNTUAN99) (0.05, 0.1, 0.2, 0.4, 0.8 uag 1.0 Hadnsudeladans) wioasananeIu

v '
1% v o

ludanlaansviazatglude 1 (Aududu 1.0 Jadnsuseliadans) Usuins 0.2
faddns Avaisazatvevgiilloulniaaslsnninududy 1.0% (wiv) U3u1ns 1.8
fladdns welvidriy Yuilgumgiivieadunan 10 undl Sarnisgandunasdieny
g1RaL 415 wiluns fewases UV-vis spectrophotometer anum 3 91 uasm
UinmansUszneunanliuesdiamualaeifisusunsninnsgiueesany senuna
Wumiie mg Quercetin Equipment (QE)/g @nsananenu

4. n'ls":sl,ﬂsqsﬁqwéﬁ'ma%aﬁasz 1n&75 DPPH Radical Scavenging

qm‘ééﬁua%aﬁaszgﬂﬁmeﬁé’w%ﬁ 2,2-diphenyl-1-picrylhydrazyl (DPPH)
Radical Scavenging lagsnaulasisan Braca et al. (2002) 3UINNANAITAZAY
11nsg1ulnsa0nd (Trolox) AAuLdutusineg (31.25, 62,5, 125, 250 uaz 500
lulasnSunefiaaans) vieasatnnenulumiildandviharanelude 1 Arnududu
Angq (31.25, 62.5, 125, 250 way 500 lulasnsumefiadans) Usuing 0.2 faddns
fuansavane DPPH flavansludinaratswmiuea anadudu 0.05 fadluans
U3ias 1.8 fadans wenlidniy Unfigamgiiviesludifiafunan 30 wiit Jadinis

AANAULAINIAIINENIAAY 517 WIlULNAT AI8LATY UV-vis spectrophotometer

Y
k4 v '3

anua 3 91 uagniiesarqnsatusyyadase (% DPPH radical inhibition) 910

GEANP]
% DPPH radical inhibition = [(A-B) / A] x 100

il A fie ANNIRANGULAIYRIANTazae DPPH lifiansnaaey

B g AINMIAANAULENYDIANTAA1Y DPPH Nflansmagey
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wazinAlRNASATUIALSaEANUTNTULUATWIMMIAT the half maximal

A 1

inhibitory concentration (ICs,) A® mamLﬁﬁuﬁﬁuﬁuaqmié’aaﬂwqﬁé’ué’jﬂa%aﬁaix
DPPH Saeae 50

5. mamaseumuluRvresnsatavenuluifowaduzEadua (MCF-7)

Mn1snaaaulaen1slgas MTT assay (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) tetrazolium reduction assay) laganuwlasisgain
Braca et al. (2002) Tngwn3pushognsansatnneuluin 2 fadn3u fin dimethyl
sulfoxide (DMSO) 0.04 fadans e lazarediiu vinnisideanslalananududu
10, 20, 40, 60, 80 100 waz 200 lulasniudefadans wdwwnturnIsmedss
w88 MCF-7 (human breast carcinoma ATCC Cat.No. HTB-22) Tuomsidoasad
MEM (Minimum Essential Medium) i 10% Fetal bovine serum wag 1%
penicillin-streptomycin Usilug CO, flgamndl 37 ssmisaidoa uazvinn1svaaey
aruduiivioiwadusdedngds MTT assay Ingineadiigninmgideddusimaides
wadfimnzayldasvquidsaeadeia 96 vau (96-well plate) sifiaumuiuy
3,000 iwadseau vinnsuuludimsidoasad 48 Halus fgaumgdl 37 esausaibya
n§nthihunisansatasesiinaududusig 9 (10, 20, 40, 60, 80 100 Wa
200 Tulnsniusiefinddns) Wuvquas 100 lulasdng wiazanududuazshe 4 vgu
wazthlualugimsiionead 24 Falus darsiiogisonaneadimizidies s
vugluginzidsagad WWuna 24 $alus warlunaaoudieds MTT assay TneTiun
MTT (3-(4,5-dimethylthiazol-2-y1}-2,5-diphenyltetrazolium bromide, thiazolyl blue)
50 lulasansaslu phosphate buffer Saline (PBS) 5 fadnsudaladdns tAuaLe
asvauUTIINg 60 plwell Uuludimngidsasad 4 Falas Wuansazaneiildanms
azaneneasugU (formazan) M8 Dimethyl Sulfoxide (DMSO) 200 lulasans wag
goisululnadudnines (Sorensenglycine buffer) ) pH 10.5 TaA1N139ANAULES
fewnieddulasimaniaines (Microplate Reader) finnuenandu 570 unlwuns
yinaes 3 91 (Favhaganesne \u negative control wazvigeslsgsn@a (Fluorouraci)
\Uu positive control) warinzidayanian ICs, Weomenudufusowadvasans
afma1n Dose-log response curve P875 Linear regression

o o
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6. N3ATIZADA (Statistical analysis)

ynnaeaesesiinsmadeuatietios 3 aduansdoyalusUuuuresaiads
wagdudsauuInTsILYeIALady (mean + SD) uayllATIevianuduiusszning
USinaansusznoufiuedntiauausinaansusyneuratliuedvionun wazgnasu

a

auladasyllATeimeduUsEAntanduiusveaiiefdu

NAN15IBLAZIAUTIINE

1. NARARENSTENARU

nannsafaluia 1,500 N3 deweney iiaesfnse wazwmiuea leans
ananenvluidseneuitdnvazfurosvadudiden 10.41 n3u Yovazuanan
ansataveTuiiiy 5.21 ansafmneuluindioefiaesdmsaiidnwarmioaiang
wilndimaid 19.32 n$u Yevavnananansafaveuwiiiu 10.56 uazansataneny
Tuindeiidnvasmisifianuniadiiaadusuieus 28.92 Sevaznananans
anAneIuIVINAY 15.64

nan1ssenansaaneUluRIdIe NIy WTiaesdasn wavumiuea
wuFvharanslunuealiuiinuiesasnandnasatave1ugeiian sedamnde

a a & & Ay | & a N eaa
LAVNARTYLNIN Lastantyu WQULU@\TQ’]T’Y&W?U?%ﬂaUIUWEUﬁQUInyLﬂua’]i@umﬁﬂ‘wu

¥ '
[

Y = va v o A a A v a 9} o o
ﬂ')']llllsln%\j ﬁ]ﬂa']lﬂﬁﬂaga']ﬂiﬂﬂiumjwqaga’]EJ‘V]llaﬂ']Wsﬂ IﬂaLﬂﬁJ\ﬁﬂu (UuUnIu

'
v a a L

yauezUszans, 2536) inszansiiluarsdunidmiieuduiiinnisazalsduniy

v o a A caa

nannisazarenule (like dissolves like) Fvinagaredunidndeulddwsvainans
Uszneufluednldud wmuea wemuea wazivhazanediliids Wy wiiaezdinse
iy Ulnsideudmnes

2. YSunaansuszneufluadnevan arsusznaunanliusesnanuauas
anadnuayyadasransataneului

ansaaneuluiiandvnaranewvuea lofiaerdnse ez agn
YandasesimySinaansussnouiiueaniiaun aisusvneuiailiusssisvanuas

gvsinueyyadasyasaiaveuluid lakadnised 1
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nMsmUTInaasszneufiuedniavualuansafanenulufuiisufuans
ATANYUINTFIUNTALNATN WU asataneuluindvhazanefiseiuliusing
asUseneuituednioundnety Bewudduanuiinaunnlumiesde a1sade
neuluanuues lefiaer@nse uwazeneu Wity 150.21 + 1.02, 122.11 +
1.00 waz 90.47 + 1.53 mg GAE/g AUAGU

nsmUnaansUsenaunlatluessviueluansasaneuluiuileuiuans
azatpIasgIAeiTRUNUI ansataneulumandvhasaneiidnety Tiusine
arsUsneunaliuesdinuasineiy Sesmudsuanunasnnllmidesio a1s
afneuluinnnumuea wiiaes@inge wag Wy WAy 41.81 + 0.97, 28.91
+ 1.05 Wag 21.47 + 1.32 mg QE/g Mmua1AU

msvndeuqvisuayyadaslumsadaneluRTeufuasarateinssu
Tnsaond wudh ansadaneruluiandavhazaefidnafuliigridiueyyadased
fefu FesmuddunnUsinaannliumiesfie fe arsafaveruluiannumiues
LO7100sTATA wazlanu laellan ICs, WAy 9.87 + 1.32, 12.61 + 1.27 uay 15.39
+ 1.11 mg/mL aua1nu
msefl 1 Uaiansusznevfluedniionun Warlaussdiianua qrdnisiuoyya

dasyupsansanmaeulum?

GREGH Ysunaasusenay  Usunasansusenau qménqsé’ﬂua%a
fluodnnavan wanlousednaan dd52 (ICs)
(mg GAE/g) (mg QE/g) (mg/mL)
LINLYL 90.47 + 1.53 21.47 + 1.32 1539 + 1.11
LB7a0LTNTA 122.11 + 1.00 28.91 + 1.05 12.61 + 1.27
LHNIUDE 150.21 + 1.02 41.81 + 0.97 9.87 + 1.32

1Y

USunuasusenauiiuedniiavun arsusznaunailiuesanmvun luaisardn
weruluiifignadiameisniey wiiaesdnge wazluniuea a1sataveiuluiinin

wnuealivIuaasUseneuTiueanNIunasUsEneUNalINREATIINAA WaLgNS

o
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msFnuBYyadasy (ICs) aeiian nansnaassildaenadasfiusuidenes Bundit et
al. (2015) fvhnisafniaunsiefviiazaisienau iinezdingn uazumiuea
Tngansatavenuiiuasainumiuoaiiviunuasusznouiiuedniianun wazans
Usznaunaluesdnimungafian uazaonadostusuidoes sudni udide

wazAny (2551) wag 1dud gluiia wazany (2557) Inviinisadaveruluminn

a a = a @ ::4' = v o aa ]
LuwﬂuaauﬂimmmiﬂixﬂaUWuaaﬂmMuﬂawqm IUﬂTﬁﬂﬂU’]m'ﬂW’]agaqﬂwmmam@

Y
v

Yinaansusenauiluednviavn Tuasaialufanield Folin-Ciocalteu colorometric
method wudansaianaianiswuniuea JUsuiuaisusenauiluednyiavungs

= a a o & O e v v o
1a9anNasUsEnauNuaanlua1snNAMN U Qﬂﬁﬂlll'ﬁﬂa36781@@1‘”@3%763@78

'
= 1

fiflaninindlndiAusiu (esnssa Sunsidn uar FugIns 030719, 2558) Fadaulue)
asUszneufiuednazazanslddlusvinazansunisfifianndagdludshazany
dnnueanegedlanviiiansuseneuilusdnaiusaazanslanludinazateumiuea
(ninan Qillvigy wag weyrdlen gnn, 2558) wenaniansUsyneuiueandsiming
\Huans3mng dsfiruanunsatumsivilelasiou wazidneendiauiiegluguuondi
sevthilsingg fananduilfasussnouiiuedniuansiueyyadasziiddgyaie

wilsluiteily (Rice-Evans & Miller, 1996) ansusznaunailiusesiduansuszneu

a

e~ a wa & v a o D YY) ~ aaa
fuedn dnuaudiluasiueuyadasslagvimthnduiilavnmseneaufizen

nolllosvetayyadase (free radical chain terminator) #33U88n@ay (oxygen

=l

scavenger) 151U chelating agent vaslayny Wudu nuunnludvdnuaznalsd
Snsdadusindng viudhiinsosuaanianue1induiidnnizianzas (Rice-Evans &

Miller, 1996)

a [V %

3 o s A
NaN1INIH1NEA ’TL!E]‘I%H@aﬁi%lu’ﬁ’]iﬁﬂﬂ‘lﬂﬂﬁUIU(ﬂiﬁﬂﬂaﬂﬂﬁn‘E_ILﬁﬂLsii‘u

Y

[ iy < a
LONAEYLAIN LLasLUNIUBDA ﬁ’liaﬂﬂﬁmulum’lﬁnﬂLuwﬁuaaﬁqwﬁmﬁuauuaaai ’Ejﬂ
aa' a

Nan laedan ICs, Yoahign Fauansiausednsainlunisdueyyadasslanngn

q

F91uiTeves Uias WASHY way Afanwal Ysvgassal (2549) lavinnisadiaing

MmegaTazaIunILea wulnasanaveuinAluanignsnueyyasaszIniign

Y q

'
a a

(IC5o L1717V 0.10 mg/mL) msmqwé Teuyadasy DPPH laet3ua1nn13lean

Yazaneiluifidndaesfinenuiiiany Wy ey Wfiaoden 019vztisainans
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o '3

a1y | 13 o s aa o ia ~ a_ a v
V]‘lu@@\?ﬂ']i WU 99AUTENOUVDINUILYAR ANANBYNNUILDIRANY (ANUU) EJE]ﬂlG]LLaz

Y

' o
aAa o [

Msviazanediilin faduansazansmmueaiadivssansnmiinlunisihunadauay
ynavsfiueyLadasy (AU giiu wagA, 2560) 91NHANNTNARBINBHUDYYA
SasyAnTuaruUsiunuUsinaasinsiany Weiansanannuduiussae
Pearson correlation azifiuinUSuamansUszneuiluednianuauazaisusznou
Wanlhueessussvesensafinenuanluilusvhazaiesneg fanuduiussu

N13590NaNSAUALLABATEDPPH 717 (Pourmorad et al.,, 2006) WAENTEUIUNITAY

v '
= a ¥ (%

auyadaseiliinduil ineitesiulassasiamaaiivesasusenauiluednuazans

e

I3 1

Waﬂauaamﬁﬁm _OH U3Hanaumu aromatic ring tngiamzasaliuessiing
117U —OH sl 2 293Ul w&sanlsH H atom udeyyadass vlilassadraatios
wazanusadnyiu §ATendefueyyadaszsudl 2 Tusy alkoxyl (RO 148nas
(Dugas et al., 2000) H atom ¥y ~OH azMdnauyadasy DPPH. lasduiy
didnnsoulanifelveseyyadass DPPH UTias N atom vilvieyyadaszues DPPH
Iisuluseuvidegrimdeansiuoyyadass uAnm uefiosuayiudsuaindsis
HudmdensavasuldainAinisganduuasiianas uanaliiiudn Avayulnsosd
Uizﬁw’émwlumsé’ma%aﬁmzmﬂﬁﬁuLﬁlwaﬂ' ~OH fidruruannuazdimumisd
gy Useneufuanasifvesansuszneufiuednuazanliuesdiusinasgayde
dudnaseuliifiveyyadaszudlassaiiswesasusznouiiuedndalinunuiuiuges
Sidnnseuguilididnnseuaunsaiiglumlassains (Delocalization) uazasaIy
wdiosienlild (Pietta, 2000; Su et al,, 2008; Lou et al., 2016)

3, gusanuduiivdowaduzidadn (MCF-7)

uamsnadeugrsAILduivdeiwaduziie MCF-7 vasansatnneuluia
Mnenigu msataneiuluinniefiaesdingm uasasataneiuluiannumiues
fieadudu 10, 20, 40, 60, 80 100 way 200 lulasnSusefadans warAIuI

o

prazmaasyivlavesTaduzss MCF-7 nuiaisansananerulufinnumiuea

a '

szauAUTNTy 200 lulasnduseiiaddns danuduivrowasuzises MCF-7

e =

adn nedlan ICs, Windu 12.45 + 2.69 lulasnsuneiiadans sesasuimeansann

9

nerulumaneney wazaisananeulufianneiaesdwmse nedianuiduis

o

U4 10 avuil 2 (2565) ISSN 2287-0083 | Vol.10 Issue.2 (2022) ISSN 2287-0083



NInTInemansuazmalulad wninerdeviganssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

Rolgaduziss MCF-7 #1ndn Taafian ICs, windu 19.62 + 1.21 uaz 18.78 + 1.34
lulpsnSusefiadans suddu Aissruanududu 200 lulasndusiefiaddns
griseudufiusewadunds MCF-7 vasafnvenuluininenisu afaneny
Tuianiefiaozdingm LLasaﬁ’wmﬂUayamﬂmeaaﬁmwwﬁwﬁumq6] WAZ AU
SpzavnisiasyAvlnvesradusiss MCF-7 wuin ansanaediassdnsaianuu
fiusialaduzisa MCF-7 g9 91u398v83 Woraratphoka et al. (2012) wuinansafin
weruluiainieniueailgnslunisdudueadusise MCF-7 (176.50 lulasn3usde
1aaans) way Benjaporn et al. (2017) wuiansafnluiaansadudsnsifinsiuay
Yougaduziss MCF-7 Tnedien Iy, winfu 85.70 + 4.52 pg/mL e 24 $alua uas
A1 1Cs §i 85.70 + 4.52 ue/mL 7 48 F2lu9 wazn15@N®IVO9 Ren et al. (2011)
finuiatnanisinannsadufueadusie nsiansatanevluinfufivdewad
uziSadn MCF-7 orailewnanluansafmluinilansussneuiiuedn wazansusznou
Walwesdiussdusznevegidudnauuin waganmsdnwainiivayulnsdue
wuasraliuesduazaisusenauiiuednaiunsafingvhatevdesiwaduzdale
Y @1snediluea @19198511u (geraniin) wazaounuFunuiuaunsasduds
wadguzadunld nasnmsaned dnandulsslovdlilssanmuiunnudsenu
fiatinayulnsvasinglasianigluin Alassmanignianudufivdowadusiss

o o & v & =~ o I o s v '
AU LLagEJQLUU%@HaWUgWULW@ﬂWiW@Ju’]LUUUW?ﬂH'ﬁJ%LiQL@WUN@a‘lU

A7UNANT3IY

InAsAnIUTUIEIsUTENaUTuRAnaInNe Usuiausznounailiueyn
& Ly a £ 2 a I3 2 v Y o
anun grionueyyadasy wazgnoanuiluiivrewadugianug (MCF-7) medn
Maransleniou 1o7asdinge LaziunIueanlusl wull arsadauviusaiiuiuim
asUsenauiluednnivun Warliuseaviaviun wazgvsAuouyadaseaan ieiigy
Tudvinarateviindu wazalsanaluIuaLanIgnsdudInIsasyiulavoagad
wziSusnuuldnfian Tnenaanmsfnwiluasidazduvselovilunsimunayulng

Inadugsnulsavseamsasulasaly

U7l 10 atufl 2 (2565) ISSN 2287-0083 | Vol.10 Issue.2 (2022) ISSN 2287-0083



NITIemansuazmalulad wninedes1vigenssnd
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

AnRANIsNUIZTAA

YoUBUAMANEINgIAAnsSkarAlulag uningrdesivdgilaseasnsal

' 1%
¢ [ @ 1%

Tunszususguiud damiaunusiil iwiemnuazanaunuideidnsegasinef

LONEIIB9B4

AuELAdYAEns unAnerdedadins. (2563). Yoyaivayulwseasindvmans
umInendeAatng. duduile 12 fugneu 2563, 990 httpsy/pharmacy.su.
ac.th/herbmed/herb/text/herb_detail.php?herblD=268.

itgos Thau. (2563). ansngnuaiifesiu warqviguoyyadaszvesadatiiivan
WaENU. 2755753990150 INE18UBFITULOLTY aUUINEIMIaATHAY
walulad, 14(1), 144-154.

3397 Anzwsue. (2560). Ispuessa. Auduiile 5 fueneu 2563, 210 https://www.
wattanosothcancerhospital.com/all-about-cancer/general-information-
about-cancer.

SuANA wiiden, FRos FunuITNNT wae 3538 33ndna. (2551). KavaudIvIavate
AOUTIIEITUTENOUNUOANUALAIINEINITOSIUSBNTINTUYDINTZTIENNE D
(Boesenbergia pandurata). Tu: N15U58YUN19391N15UDIUNIINGNSE
WNEATANEARNS ALeT 46, Sufl 29 unsA - 1 NUATWUS. Un1INede
WNYATANERS, NTINN. 538-545.

funfu yueeUszdas. (2536). manmadeumaaiifosiuresansaiaaniie. lu
Juf nquaius (§51059), euasnansusisssurd 1wy 1 (i 116-
129). MAIBNNEWINNY, ANLLNEYAIEASUMNINGIaNTERS.

103 1ANY uay aRdnwol Tozaassal (2509). gidIueyyadaszyerniiuty.
Ane1inusINEUFansUNNAR, UN1INTIFUURAA).

aunén niilve) uas sadan g, (2558). Fvazareiidnasogusiueyyadass
uazansUssneuituedniiamnanivayulng. lu: maUsseivinissedud
aoniiAdoussiann sninenderdgiunanes afed 2, Yuil 22 Suneu

2558. AMINYIRYIIVAY AWNINYT, AUNINYT, 627-635.
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Wity Wa30030. (2547). WsewasavInANERS AT TSI IAR TR, BUsUNSIANS
ViNeINIINERs. Auduie 12 fugneu 2563, 91N https://www.Matichon.
co.th.
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dmsunsfnwigdunsdvliawuinuludieg1adiieds wudunidytamunvun 7
Tolalan WevinsinduunsdauuaiiSenuindady Gram negative bacilli $1u7u
4 lolgtan (RA-1, WA-2, SA-3 way SB-1), Gram positive bacilli 91u7u 2 lolgtan

(WA-1 uay SA-1) wag Gram positive cocci 31uau 1 Telgian (SA-2)
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o (] £ a a 1 a dy =
AdAey:  wuATiSenalse, Usinadasuinis, Biieda

Abstract

This research aimed to study nutrition and contamination of some
pathogenic bacteria in cow’s intestinal contents. Randomly sampling from
slaughterhouses, beef shop in municipality market and sideways in Amphoe
Mueang, Sakon Nakhon were used as the sample. The study of nutritional
value, found the highest moisture content of 87.02+0.10% followed by the
carbohydrate (6.35+0.15%), fiber (2.27+0.08%), ash (1.81+0.22%), protein (1.75+
0.06%) and fat (0.80+0.13%), respectively. The determination of some pathogenic
bacteria contamination in cow’s intestinal contents, showed that the highest
level of contamination was in the rainy season with 1.1><1O6 CFU/mL, followed
by summer and winter, which are 3.5><1O5 CFU/mL and 2.2><1O5 CFU/mL,
respectively. For this contamination, found Escherichia coli in all samples of
cow’s intestinal contents with a higher amount than the MPN E. coli criteria
defined. Determination of Staphylococcus aureus, exposed the contamination
S. aureus in lower level than the standards defined (<100 MPN/mL) in sample
that collected from four sources within rainy season. Whereas Salmonella sp.
was not found in all samples. For the study of the dominant microbial species
considered, found seven isolates that classified into four isolates of Gram
negative bacilli (RA-1, WA-2, SA-3 and SB-1), two isolates of Gram positive bacilli
(WA-1 and SA-1) and one isolate of Gram positive cocci (SA-2).

Keywords: Pathogenic bacteria, Nutritional value, Cow’s intestinal contents
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v R !
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N3TUIUMSYUAS ANuazenvesan Ll viemuftRnuiieades aufsanioy
wandon Téun Aty gampivesdwinden uarguuniveawdndus wuind
AidusAumuynves S. aureus Tuvaigfinan1snsIviiaim Salmonella sp.
TushognatiiieTaidu wuilinunsuwdeuves salmonella sp. Tushogatiile T
ffusnanynuvasuazlunntasggna (ilduansdeya) defiadreglunasininsgiu
finsuinenmaninisunng nssnsnassuguimualy Aefeslinuuudouves

Salmonella sp. Tundndugiomsanainla
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Abstract

The aim of this study was to determine the contamination of heavy
metals from groundwater in the surroundings of the old landfill site in Udon
Thani, Thailand. The sampling points were four wells on different locations of
the old landfill. The groundwater was collected during dry season of 2019 to
2021. AUl the samples were analyzed for three physicochemical parameters,
such as conductivity (EC), pH and Total Dissolved Solids (TDS), and were
measured on-site using HQ40D multi meter. The results of this study were
within the allowable limit: The concentration of heavy metals includes Cd,
Pb, Zn, Cu, Mn and Fe using the Perkin Elmer Optima 8000 Series Inductively
Coupled Plasma-Optical Emission Spectrometer (ICP-OES). The analysis indicated
that concentration of the heavy metals was mostly below studies detection
limit and far below the WHO international best standards. Most of the sites
among those showed low enough levels of heavy metal contamination in the
groundwater that it would not affect the health of humans and the environment

around the landfill.
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Introduction

Concerning the situation of community solid waste in Thailand (2020),
the amount of waste was approximately 25.4 million tons. From the municipal
solid waste (MSW), 10.85 million tons (39%) were disposed of properly according
to academic principles and the rest, 7.32 million tons (26%) were incorrectly
disposed (Pollution Control Department, 2021). In Thailand, a local government
organization is responsible for comprehensive waste management. Most of
them are able to provide lots of solid waste collection services which still leave
the problem of reducing the garbage. However, there is still a problem of not
being very hygienic such as open dumping or open buming (Tanjira et al., 2017),
and water resources being drained directly into the seawater (Baun & Christensen,
2004). According to the solid waste disposal, if it was not properly managed, it
could lead to various effects such as soil pollution, water pollution, air pollution
and health impacts. The major groundwater pollution problem of the landfill
is the contamination of heavy metals in leachate. These heavy metals are
transported and compartmentalized in the human body through various
processes that lead to human diseases (Jarup, 2003; Florea & Busselberg, 2006).
Leaching of heavy metals from the landfills have been extensively studied and
continuously monitored for a long time. (Aluko et.al, 2003; Looser et al.,1999;
Critto et al., 2003; Mitra et al., 2003; Frascari et al., 2004).

Udon Thani province is the third largest city in North East of Thailand
and has an estimated population of 1.58 million (2017). The study was
conducted at the old landfill called the Banmain Landfill in Naka District. The
site is located at 19 km north from the city of Udon Thani. The old landfill is
covered a land area of 19.7 acre with open dumpsites technology for MSW
disposal. The old landfill was commissioned for use from 1993 to 2003 before
it closed and moved to a new location with sanitary landfill technology in 2004.

This landfill is an old landfill, which is not designed with a lining and collection
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system for leachate management. The old and usually uninsulated landfills
contain household hazardous waste, the most obvious being processed metals
and electronics. From the above properties, leachate in landfills constitute was
a major source of contaminants which can contain heavy metals. The liners
are important to prevent the heavy metals in leachate from the landfill from
contaminating the groundwater aquifer or environment (Sarabian & Rayhani,
2013; Baumann et al., 2006).

The aim of this study was to determine the contamination of heavy
metals from the leachate and water quality in groundwater in the surroundings
of the old landfill site in Udon Thani, Thailand. This study can be helpful in
developing effective treatment technology to stop the contamination of
groundwater and to protect human health living nearby the landfills and

environment.

Materials and Methods

1. Sample collection

The old landfill site in this study with geographical coordinates 48Q
266878 and 1944257 is located in Naka District of Udon Thani province, N.E.
Thailand. (Fig.1). The site is located in the about 19 km north from Udon
Thani city, along the 12 Asian Highway, and comprise an area of 19.7 acre. The
old landfill was in operation from 1993 to 2003, and has been used as an
uncontrolled open system without any engineering operations in the area.
Sampling points were collected from 4 wells (ST1-ST4) near the landfill site
during the rainy season (July) of 2019 to 2021 (Table 1).
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Fig. 1 Position of the studied area and sampling point

Table 1 Sampling point of groundwater well

Sampling Distance from landfills Coordinates Depth
point (meters) (meters)
ST1 20 48Q 266874, 194449 75
ST2 r 48Q 267091, 194440 75
ST3 155 48Q 266736, 194395 65
ST4 244 48Q 266723, 194388 65

2. Sample analysis

The field and laboratory procedures were conducted according to APHA
et al. (1998). All the chemicals were analytical grade. Groundwater samples
were collected in a pre-cleaned polyethylene sample bottle, which were
washed using liquid detergent and soaked in 1% nitric acid and then were
rinsed with deionized water three times. Groundwater samples were fetched
after a pumping period of at least 30 minutes to eliminate immobile water.

The samples were collected into polyethylene bottles and fixed with nitric
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acid conc to a pH < 2.0. The samples were transported to the laboratory and
were conserved at 4°C until further analysis. The samples were tested for the
occurrence of physicochemical parameters such as conductivity, pH and TDS,
and were measured in-site using a HO40D multi meter.

Each 100 mlL groundwater sample was transferred into beakers
containing 10 mL of conc.HNOj;. The samples were heated slowly on a hot
plate until the volume was reduced to 20 mL. The samples were allowed to
cool and 5 mL of conc.HNO; was added. Heating was continued with the
addition of conc.HNO3 as necessary until dry. Then 5 ml of HCl solution (1:1 v/v)
was added. The samples were warmed and 5 ml of 5 M NaOH was added. The
samples were filtered through filter paper to 100 mL volumetric flasks and
diluted to the mark with deionized distilled water. After preparation of samples,
heavy metal concentrations Cd, Pb, Zn, Cu, Mn and Fe in the groundwater
samples were measured using Perkin Elmer Optima8000 Series Inductively

Coupled Plasma-Optical Emission Spectrometer (ICP-OES).

Results and Discussion

The physicochemical analysis and heavy metals results in the
groundwater sample in the old landfill site during dry season of 2019 to 2021
is presented in Table 2.

pH values of groundwater samples from each of the sample areas
obtained for ST1, ST2, ST3 and ST4 ranged from 6.58+0.03 to 7.57+0.04, which
clearly indicated that the groundwater in the study area was good water
quality, and values were within the permissible range by the Pollution Control
Department of Thailand best standards for water quality (Pollution Control
Department, 2021). A slightly alkaline value of pH is normally leachate met at
old domestic landfills (El-Fadel et al., 2002; Kanmani & Gandhimath, 2013).

The pH value of the groundwater sample may be attributed to the presence
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of some chemical and the biological stabilization of the organism over a period
of time, and lost into the soil as carbonates, bicarbonates and anaerobic
decomposition, while percolated into the underground soil through rain water
(Esmail et al., 2009; Lekanet al., 2019).

EC levels in the groundwater samples varied from 4.62+0.07 to 9.36+
0.02 ps/cm. EC is a valuable indicator of the abundance of dissolved total
concentration ions and inorganic species in groundwater (Banar et al., 2006;
Yilmaz & Koc, 2014). Low concentration of EC was found in the groundwater
samples. The concentration of EC with a lower inorganics component may be
due to very little solute dissolution into groundwater.

The concentrations of TDS did not show different values between four
groundwater samples sites which obtained ranges of 227+29 to 470+16 mg/L.
The TDS could be used as indicators of the total dissolved salt content of
water. All the sample sites exhibited values much below the allowable value of
1000 mg/l by the WHO for drinking water. The concentration of TDS indicates
the groundwater in the study area is fresh water and clearly not saline (Oyem et
al,, 2014).

The results of heavy metals for groundwater of old landfill samples site
including Cd, Pb, Zn, Cu, Mn and Fe are shown in Table 2. The concentration of
heavy metals for all groundwater samples were too low to be detected by the
instrument of analysis. Zn concentration at ST1 to ST4 showed low concentration.
Each showed levels from 0.11+0.05 to 0.48+0.02mg/l. Meanwhile Fe concentration
appeared almost below detection limit with a low concentration at 0.09+0.02
mg/l and 0.01+0.00 mg/l for ST1 and ST2, respectively. Although Zn and Mn
contaminations occurred in groundwater, both are below the standard acceptable
levels of drinking water determined by international standards. The WHO has a

guideline value for Zn and Mn of 3.0 mg/l and 0.4 mg/\, respectively. Apart from
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them, Cd, Pb, Cu and Fe in the groundwater samples site of the study area

were all below detection limit.

Table 2 Analysis of heavy metals in groundwater samples in the studies site

during the year: 2019 - 2021

Sample parameters Heavy metal concentration (mg/l)
location/ Years EC pH TDS Cd Pb Zn Cu Mn Fe
coordinate (ps/cm) (mg/)
2019 8.85+0.12 6.95+0.01 445+1¢ BDL BDL BOL BOL 0.11+0.02 BDL
48Q 266874,
ST1 2020 5.87+0.01 6.94+0.02 445+5 BDL BDL 0.19+0.00 BOL 0.09+0.02 BDL
194449
2021 8.96+0.01 7.57+0.04 442+2Z BDL  BDL 0.11+0.05 BOL BDL BDL
2019 5.87+0.01 7.56+0.04 317+1f BDL BDL BOL BOL BDL BDL
48Q 267091,
ST2 2020 6.02+0.01 7.41+0.01 332+11 BDL BDL 0.20+0.13 BDOL 0.01+0.00 BDL
194440
2021 9.36+0.02 7.43+0.04 470+1¢ BDL BDL 0.18+0.00 BDOL BDL BDL
2019 7.13+£0.05 7.35+0.02 442+55 BDL  BDL 0.24+0.16 BOL BDL BDL
48Q 266736,
ST3 2020 7.32+0.01 7.29+0.03 358+1¢ BDL BDL 0.16+0.12 BDOL BDL BDL
194395
2021 7.54+0.26 7.53+0.05 444+9 BDL BDL 0.21+0.02 BOL BDL BDL
2019 5.22+0.01 6.99+0.04 227+2S5 BDL BDL 0.26+0.86 BOL BDL BDL
48Q 266723,
ST4 2020 4.62+0.07 6.58+0.03 247+14 BDL BDL 0.48+0.02 BOL BDL BDL
194388
2021 558+0.12 6.89+0.06 303+7 BDL BDL 0.29+0.15 BOL BDL BDL
WHO (2011)standard NA 6.5-8.0 500  0.003 001 3.0 2.0 0.4 0.3

Note: BDL = below detectable level

NA = No guideline available

ST1, ST2, ST3 and ST4 were located approximately 20 m, 77 m, 155 m
and 244 m, away from the old landfill site, respectively. The depth of the
groundwater wells varied from 65 m to 75 m. The pattern of sampling points
depicting different well depths is presented in Fig. 2. The low concentration of
heavy metals in the groundwater samples may be attributed to different
depths of wells (Elwali et al., 2008; Othman et al., 2019). The height or depth
of the well and the low depth of the groundwater well was another

factor/reason enhancing the contamination, because the contamination was

o
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into the groundwater of heavy metals through the soil occurs more slowly.
(Abhishek et al., 2017).

However, the liner system is installed as a barrier preventing any
leachate migrating to the environment and groundwater around the landfill
(Farquhar, 1989; Mochamad et al., 2014). In this study, the old landfills do not
have the initial design of the landfill site for leachate management, but instead
uses clay which as a type of lining systems in the landfill (Salim et al., 1996).
This is probably the reason for the low concentration of heavy metals in the

groundwater.

ground water

Fig. 2 The pattern of old landfill depicted sampling point
at different well depths

Conclusions

The main goal of this study was to assess the physicochemical and
heavy metals concentration in groundwater around the old landfill of Udon
Thani, Thailand. The samples were collected from four stations around the

landfills during the rainy season of 2019 to 2021. The parameters measured
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were EC, pH and TDS. The results showed that the groundwater samples at
this landfill had a low level of contamination, where the concentration of
parameters was under the standard acceptable levels by WHO standard. The
heavy metals, Cd, Pb, Cu and Fe were below detection limit in all the sampling
sites. Zn and Mn were found to be very low as per WHO standard. From these
results, the groundwater of the old landfill is still safe for the health of the
population and environment. However, the government should continue
monitoring the groundwater of this landfill to prevent further contamination to

the groundwater.
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Abstract

This study aimed to investigate in vitro propagation of Plumbago
zeylanica L. The axillary buds were surface sterilized with various concentrations
of sodium hypochlorite (NaOCl) for 10 and 15 minutes. The result showed that
the suitable concentration and duration of NaOCl were 1.24% and 10 minutes
which presented the highest survival percentage of axillary buds 92%. The
sterilized axillary buds were cultured on MS medium supplemented with 0-4
mg/L BA for shoots induction. After 8 weeks of culture, the result of shoot
induction using 4 mg/l BA indicated that the highest shoot was 3.28 shoot/
explant, the average of shoot height and leaves were 61.86 mm and 8.57 leaves/
shoot, respectively. The shoots were transferred to MS medium supplemented
with 0-2 mg/l NAA for roots induction at 4 weeks. It was found that the highest
of root induction was observed from the medium supplemented with 2 mg/l
NAA. The maximum number of roots and the highest of roots length were 11.75

roots per shoot and 31.50 mm., respectively.
Keywords: Plumbago zeylanica L, In vitro propagation, Sodium hypochlorite
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%a Plumbagin (Didry et al., 1994; Ceasar et al., 2013) ﬁﬁqwéium’ﬁé})ﬂuuzﬁa
(Aziz et al., 2008) Auatsouyadase (Tilak et al, 2004) uagA1ULFDLUATILTY

(Pavia et al., 2003)
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2) WeRiansanaugesen wagduavlusiosu wuin ewns MS iy BA 4 un/a.
voniiaugandogsiian 61.86 uu. uazliiuuluedsuiniign 8.57 Tu (m31edl
2) 194910 BA uansmuaunnetaidulalungulelnladuiiaiunsanseduls

WDl NYLAANTHULY AR WA VENIVUIAVDLIRANY SAUDIA519eanlnd (Taiz &

'
=

Zeiger, 2002) og19lsAnuiianuitenniunnladneinisdndliiineealvves

WAYANEIYT NUTT NMISzBeudiude o taun Judiude Yarewen mdng
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LLaxLﬁuuﬁauummimﬂ3L?ﬁymﬁ'Lamm3mu@mTﬁl,ﬁzgﬁuimiuﬂﬁjuisﬂmlﬂﬁu LU
BAP vialalufiu (KN) fisgduanuidudu 0.5-5 un/a. $aufueendu 1wu NAA IAA
vi3o IBA fisziunududus (0.01-4.5 un/a) annsanseduliAnseslvsiuaziii
$rurusenldfninismzidssuuensiduanslundulelnleduifissodiadion
(Sivanesan & Jeong, 2009; Gbadamosi & Egunyomi, 2010; Ceasar et al,, 2013;
Chatterjee & Ghosh, 2015; Raja et al., 2018) FeunnA1991nNNT AN LA Lan L
Fudnady BA fuduanslungulelaladudfivsedraforaduomameidosgns
MS Tuszavsnmfisaneiiaznseduliminasnyamdmifngealmils aeandes
U Vijay et al, (2016) fis1891u71 01sdBATILRTIAL BA Wiesegufieranunse
Il uduninsonanyamininsonuazifiniuiusenldd uenainian
nsmaaemuhmiadasenlmilididomzdouue iy B Tuanududui
vy vaienadennnniuduiviivnmsdssdilifnsdansgvisesTuulungy
lelalefuvdoonaasdlation Tsliifiemeiivensedulidoiboiinnisnisadseonls
fadudeldsu BA 1nomamedsddutiinaiifismeiwhlfAnnswauives

P S Y] va X
Iatgalduen 8351@@7]11

AT 2 NAVRIAITAIUANNITIATEY BA don1stninlviiingenvestudiumniiing

a dl' & [ [ L4
LIRUALNANUT ez duan 8 @uan

Yy v ° s 2, = ° a v
ANMUIUVY BA  91UIULIALRALY/VUAIU m’mgmamaa&/ "\]']U'JNIULQ@EJ/WN

(un./a.) WY + SD gan (Uy.) £ SD +SD
0 1.14+0.14° 30.00+0.43" 3.862+0.26°
1 1.570.13% 42.29+0.91° 6.57+0.29"
2 2.00+0.12° 45.164+0.73° 7.00£0.30%
3 2.57+0.18" 45.43+0.49" 7.71+0.42"
4 3.28+0.15" 61.86+0.53° 8.57+0.36"

nnewg:  Aladeniimsnysiiuiseiululunsdianuuanseiuegadideddgynisaifseduainu

Festu 95% nmsiieuiisuAaiewuy Duncan’s Multiple Range Test (DMRT)

=
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nstninlvitinsn

dodsenretanyandanininizidssune s MS i NAA A7
Wuduszdudng q iedniliAnsndunan 4 §ansk nudn eamsfiifiu NAA
naenududy (0.5-2 un/a) ansadniilfeeninsinlmiliunndiaaineimsi
laiiiu NAA ag1aiiifedndy wonand NAA finnundugeasnsgduliAnanldind,
NAA Asdudus Taglanzenmnsiiin NAA anadud 2 un/a. dninleen
wagamdswinsnedsldiniign 11.75 10/oea wazdauensnadegegn
31.50 1. Faumnensfugananyamasaningdesuuams Alsidiu NAA uas
9115 MS s NAA aadudu 0.5 uay 1 un/a. Afidiuiusineds 7.25 uay
3.00 590/880 AIWAIFY (A157971 3) (FUA 2) nan1snaassuandliifiugn NAA
duadulmdodefiniannld esmn NAA Wuansmuaumsiasasivlslundueen
Fuilanusanszdulvidedefinfnnisutiead wsvuiavensaduagdniilviin
sl ufiragissauihmsldesntunududugeausasudamsatnannludiv
nangvila (Chatterjee & Ghosh, 2015; 1n@ll ASUTUNG wavAe, 2563; UIUY
\vigdavis uazame, 2560; WaFen yynaufn, 2560) uazenanszduliiinnisaiis
uAada (Sivanesan & Jeong, 2009) wilumsneaesinudn $1uausINLAYAILE
snandudiofuszduanududunes NAA wazlinuunadaintu uananids

] Aa X 2 a
WUINTINNLAAVULLTILLSILAZUNG

M99 3 HAYBIAITAIUANNITLATEY NAA sian1stniiliineenvasdudIuniiig

a d' & & o ¢
LQWH@LW@QSUTJ Wazagadunan 4 dUanu

ﬂ':ﬂﬁ-ll.‘lsllil%’u NAA ﬁ’m’msmmﬁ'ﬂ/ﬂam ﬂ’]'\llﬂ']'?i'\ﬂLngJ (uy.) +SD
(un./a.) +SD
0 1.00+0.00" 4.00£0.71°
0.5 3.00+0.41° 6.38+0.04"
1 7.25+1.11° 10.50+1.19"
2 11.75+1.03" 31.50+2.18"

newm:  ALRdendfsnyIdiuisaiululundauwandiuegdiduddgnatifseduaiiy

Bertu 95% 9nmsiSsuifisuAadsuuy Duncan’s Multiple Range Test (DMRT)
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JUN 2 MAARTINIINYOATDUINYANEIVT WIBNNLIEIUNRIMTENT MS Ty
NAA ansiduduseauang o Wunan 4 dUavi; (n) : NAA anududu 0 un/a.,
(1) : NAA AMULUTU 0.5 Un./a., (M) : NAA AUINTY 1 Un./a.uay (1) : NAA

AN 3 1A./a. (Scale bars: 5 mm)

#3UNaN1339Y

amaxﬁmmzammmﬂaﬂmL%a%uehumst’hwaqLamym‘wawn ADNIT
WonghFedeanslaenlsluraslse mnududy 1.24% iy 10 wil dlomzides
Wunan 4 dUanit wudn sdefiidesi@udnissendingsdis 92% waglinunis
Uudouveadouuaiidouariosiiniy mawmL??m%uahum%’ﬂwummiqm MS
fufin BA ansdudu 4 un/a. annsadniilmAnsenlvaigean 3.28 ven/Audiuiy
goANAIUEY 61.86 3. wagddruluaniign 8.57 Tu uare1vns MS Mds NAA
AN 2 un/a. ansadnmiliduenyamdiiinsindiuig 11.75 510 uay

flﬂ?l’]iJEJ']’Ji’]ﬂ%N’s‘jﬂ 31.50 uu.

AnAnssuUsENA
YOUBUAMATINIUANENTTUNTANERNINeIMENT TReuazuInnss (anad.)
Patduayuuidey uarveveunnAnfaUmansuArINeIMans WINedeT1vdY

Soudniilvianuemaszianiuil Janaunsaluaziniediolunisinide
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guywdudiaaseu danudunans (pH 7.77) uazanugugs (499.33 NTU) fatiy

Y] ¢ A = o w

Feiifanusrasdiiio Anvistiannuguuosnildlugmusuun lnenausuiiiey
UszAnsnnisidannutuiay pH vestidiuizan nanisinwinud 33003
AnATneuRIEa1sEL (1% alum, 25 me/L) SaufuisnIsnsesesnaine hutunses
f1u NN wagnseviey) fussAvsamiidnanugulutldaeis 99.12% (A
YUy 4.42 NTU) wagaaeusuen pH imunsausenslousslevil (pH 7.42)
F93BnsnnazneufpasduaIIntITanAITuYeI lFRnIN 3NN sesT LY
N13ANAZNBULAZITNITNTDIBEINIY AWAITU nansAnwwansliiiudl asld

a1sidmdamnuyursanslidiannsesuviosdiuuenainglreidnaruguluuiu,
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v
|

AITAA1TNAT pH vBssIumIgLiianuUasnduderaulantl wazalsvinlvul

avaanunsegelsaneulduilng
AEATY:  NIIINAZNOUNINAL, N1INTBIBEINNY, AUYY, a1TdY, 15N

Abstract

The rural community always face the problem of the imbalance rainfall
water volume. Moreover, it faces the problem of drought and the problem
about accessing the water too. This problem should be considered especially
the turbidity of water that in not suitable for use in the household. The
preliminary investigation found that water supply for community had brown
color, natural (pH 7.77) and high turbidity level (499.33 NTU). The objective for
study methods of turbidity removal from water supply by comparing which
methods had the most effective way that suitable for removing turbidity and
pH. The result showed the combination method between the flocculation
(1% alum, 25 mg/L) and simple filtration (through the charcoal filter layer gravel
and coarse sand) is the most water turbidity removal efficiency in 99.12%
(turbidity 4.42 NTU) and this method can adjust the pH level (pH 7.42) that in
suitable for use in the household. The alum floc method can reduce the
turbidity in the water better than combination and simple filtration methods,
respectively. This result showed that the chemical agents and using the filter
can eliminate the turbidity in the water but we should consider the pH for
water safety for consumers. Moreover, it suggests that the consumer should
clean the water through disinfection before using it for consumption in the

household.

Keywords: chemical flocculation, simple filtration, turbidity, alum, JAR test
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it gamauagmislivsslomififuseuy uwanihiidmatonisisuuasnunimi
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muosuar Teildnamirss Uy tuiinudymeanuguresiuagnsdudou
wuAfiFy (wwgiug naui, 2562) ey (turbidity) fnavinlsisavAuasd
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Mdnpnuguiideniunlémlude nsruiunsaiiawazsiungnou (coagulation-
flocculation) Tnensifisanssauneneau (coagulant) WiisliasuuInaesAnnsTIxe7
Audungneuvualugienden (floc) waviinnisanazneu (sedimentation) i
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urlnar1uaIuIsaanauguLaieveullang 70% uazdiaiuisanidaladnesy
a a YV [ G4 } 2 a
wuaTSelang 40% (AuUuIn nae1u1ne, 2544) Larn1slensiearidennsas

wuusaLasanAIuyuve1lang 95.5% (Mahvi et al,, 2003) 3458UUNIINTOIUN

Aanafeindusednsninlunisanmnuyuresiiuagidunidla wazauniminile

3

1% '
a v v [ =

aglunauiniuasnde Snisdaudumealuladiiligeenn Yanfithanlddeusomlaie
Tuviosdunasisuyuen Jadumeluladiunzandmsuihuldlunsidneiugu

yoshuazliusuugnunmihnouihluldusslewd useddlsinny Uszavsanwves

'
1Y 1Y o

sruunInsesazduagiugunmifukas Tagmianldlunislueienses duluag

q

v '
o

wiuldinsdenisnsuazgluuunsusuugsilssiiunzanduegiununini

Auusaziud waziduaudIAyAIuANazaInkaraNlasndevecligulan
vilnadundn diulunsfinunadilfaiinguszasdifiowioudiouisnishidnany
Jureshldluniafeusuun laeinseenoumani FBn1snseniiednedne uaznis
Uszgndliismsnnazneumaniisafiunsnsesedising Tneteyaildanunsaldiiu
wmdlunstidaaruuresihuanzay Wevilhussifiaanm uastieiia
UsrAvsninuazanalidiglunslunsndmissn sufvanuansenumsgunn
vosywd SnadiannsailuldlulumsfiansanideniBmsuupauaminiiel

[ [

wingauiuan waunnTluusas gLy 18

o
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3Banliun1sIdg

msdnwlundatifuniteiimanes luufivururuunuimisesima
aseuin uagthadouuenou 2564 Wutegguiivuruiitymiiussuidiannudu
snnuaglimnzantunisliusslond JedinisUssliuauduiay pH vestluguyy
Tnemsduiusegnainussulugurusasisafousiuan 4 90 wauthiegnslndy
deieatu vnmsasatad pH uasiadianuguresiineunisnaaes niuth
egrainluneaesidaeuguludilagldmsanazneumandfaeisasina UAR
Test) 35N19N5090619418 WazN15UTELNAIBNIANALNBULALTINAUNIINIBIDE 14

(5U# 1) TBmMsAnw Al

B 4P 4p 4p 4w 4
1 20 25 30
mol | mot | mor | moL | mot | mon

1% potassium alum 1 mL =10 mglL

(n) coagulation - flocculation processes

(%) simple water filter

_HL J; ;H_ ~amm | OO0
i D e |ODOO
BEn| B B | o

turbidty and pH
-

5 25 5
molL || moL

1% potassium alum, 1 mL = 10 mg/

(A) combination method between filtration and flocculation

[

5UN 1 wrudamsveaesismdnanuyuluii lae (n) Mangnausieasdy

v

(1) N5NT89DE199Y WAy (A) N1THLNBUAILANSANSINAUNITNTDIBY19E

1. 51RaRINITRNALNaWAd WWeYiNNSwSeNaEsaTanga1sEl 1% 1dansdy
(Potassium alum: KAL(SO,),-12H,0) 10 ndu Usuusumsarennauliila 1,000 mL

Tagansazanedl 1 mL = 10 mg/L wazdauaednmig 1.0047 nduinn1snanasy
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JAR Test (3 Plus 6 LED 8 Wizard) Tasaasinldannaumu 1,000 mL asludnine$
YA 2,000 mL §19u 6 Tu Msuuedesniuasazans (hotplate stirer) F3d1ag
Wendufuannzdamnaznou TaeFudunugs 100 seu/nil nieuduivasazae
@134 1% nwiouiuynAuudunuUInngaInn1salanNnIsiasuAANYY
Tuthéesgnefio 0 (naruAw), 10, 15, 20, 25 uay 30 my/L luudazdnines WWua
1 it wazanenudatiuniudn 30 souand Wunan 10 wit deiislildmnazneudn
20 wiit anduthihilaldasatadianuguaunde (turbidity meter $u TN10O
S0 EUTECH) WieufuuSunaansduiiiuasly shuiensiadeu pH vasiieae (pH
meter $u PH100 8¥o EXTECH) (szwa waatad way Soydnwal 1w ifnd, 2562
nsuszidugiinin @vninuiuas, 2560)

2. TeNAa0IN13N5099819418 IAYININToeeE1991e lnan1suseyndisues
nsuowtty (2563) Alsilnariututannsesnuuasansite duth dwlsl (biochar)
NTINMETU UATNTIENEIUDENSAT 25% (25 ke) TUTTIUFamanafinvuin 100 dns
fdludruduaaesiaiifonta-dah thiiumanseadigninlunsiatadieiudu
AuvRauazaTIaTa pH veni dwsutannsaslunisvasamliniesiusasioun
15-50 fiadiuns

3. TNAABINITANALNBUTINAUNTDWRENNIY WITUIAIAUYUNAUNGD
uae pH veshilldnmanaasdudunounismnaznouniifeansazaiansdy 1%
WisuisuiugioufiRnuves msuszrdugiinim (2560) Aeinuguming?
10 NTU (Nephelometric turbidity unit; 1 NTU = 1 mg (formazin)/mg) wag pH

(7 25°%C) ag/luYae 6.5 - 8.5 SSnaasiadifivanyay (optimum dose) Taeiden

q

al

feeeiusinuasaivosfiandvilinnazneuldffian eidendaegisiiday
dudumnzauudvhnismaassnnagneudnass dehillasggndwioldsdanses
geBRuT L TARNTOY

4. mylasgvideya lnedoyaruguuar pH gnirluliaseiusednsam
TuudagiBitoysyfiuauanansolunsdnanuguudes pH Tuthieuwasvds
N15MAa8a1NsaAWINARIN UseAnSan (%) = [(Neunnass - namAael) /

Aounaasd x 100 (Usgyay1 nsditun waedaast las1v, 2558) dwmsuyadeyaila

o
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TunmeaeagnilUTaseiA1ANULUSUTINLUUMAGAEY (one-way ANOVA) Ny
wHUN1IVAasdIuuaNyTal (CRD) vasusazdadunimeass uasiuSeuiisuaiy
WANANIBIALRAEEI83T Fisher’s least-significant difference (LSD) #eluswnsu
Statistix8 (Analysis software, Tallahassee, FL, USA,1985-2003) ﬁis Uummt,%ﬁ'u
95%

NaN13I8LaZaAUTIENE
nsvaaestidnaugulasnismnagneunaiaiivesingreisvaaounis
anmznou JAR Test) edasavasansdu (1% potassium alum) sduansiadifidl
Uszauanasiuasluluusunnsengg Ae 0 (yaauAw), 10, 15, 20, 25 wag 30 me/L
P8lunszuIun1TasIelagIIunznau (coagulation/flocculation) Taglinanisnn

USunaasduvingadlunmsasaneneulutldyuwuy (m151991 1)

A1379% 1 Han1aaesInANLYuludilaensanaznausgasazaIeasay 1%

AnududuEIsdY 1% Turbidity pH Turbidity removal
(mg/L) (NTU) (-) efficiency (%)
0 499.33 + 1.53° 7.77 £ 0.06° -
10 47333 + 4.73° 7.50 + 0.10° 521 + 0.95
15 281.50 + 4.50° 713+ 0.15° 43.63 + 0.90°
20 13.11 + 1.05° 6.83 + 0.06° 97.38 + 0.21°
25 4.42 + 0.24° 6.53 + 0.06° 99.12 + 0.05°
30 4.27 + 0.28° 4.36 + 0.20 99.13 + 0.04°
Ftest " . .
Vv (%) 1.30 1.75 0.86

wurewag: doyarrnasadudnade + dnudsuuuninsgiu (n=0) Tiesgianuuusysiuniade’
(One-way ANOVA) LUSsutilauaanuunnsnsuedaade ssninemaugu (turbidity) aaadu-a1a (pH)
wazUs¥AnSamnisan1ANY (turbidity removal efficiency) seAuaAIIdaTUYasENTaNIeY fuyn

AIUANAIETT LSD 7 p<0.05, * uay p<0.01, **
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131971 1 waniameaesiidannuguluilaenisanaznoumaaiiseis
JAR Test wudn nsldansdy 1% fianandudusingg fnasian1sidnAUYULaE pH
uanssanyaRIuaNeEsiteddynsadia (p<0.01; *) waglviaduuszansainy
wUsUT7uU (Coefficient of Variation) i1y 1.30 uaz 1.75% a1ud1au lagn1siiy
arsduaslutifindurilviananuguuay pH aswuarududuresansduiiiindy
Fanansnmdiusszrinsanudiduvosasduiuaanuguiay pH (37l 2) dw
Uixﬁ‘vﬁm‘wmiﬁﬁfﬂm’mszjuiwfﬂwudw ANULTLTUTOIETAN 20, 25 wag 30 me/L
Iﬁﬂ'wizﬁw%mwm'ﬁﬁﬁmmwmjma?a 97.38, 99.12 way 99.13% MUAINU bUVY
fnanisnsaatanuguiaavdeludiviifu 13,11, 442 uay 4.27 NTU uay pH
Wiy 6.83, 6.53 uay 4.36 mudFuANIITIdufing Fadefiansanmuiim
arsduiimmzanlunisairmeneuludifeds JAR Test TnsfinrsunainyIuia
asaiiifosfiaauazyinlinisanazneuldiiian ufuinausinisfuasadiivli
dndlafinugudingt 10 NTU uag pH 6.5 - 85 (msdszundugiinia avninmn
UAT, 2560) WUINAMTLTUVDIAITEN 25 me/L Hanumunzau (optimum dose)
fianlunisanaenourenirldgururudinga uddn pH vesideudraudunsngou
(pH = 6.53) Bnianuduturesansduilflunmeaeuidslianuns nannaudy
maqfwmwﬁmmgmif’]ﬂizmmuqﬁmﬂmwﬁLLuzﬁwaqaﬂﬁmiamﬂa‘laﬂ fin
thwuamfﬂajl,ﬁu 4 NTU wag pH 6.5 — 8.5 g (WHO, 2011) agnelsiniuudinaiy
WNTUVBIAITEY 25 me/L AANIiuNzaNAanIsas19mEnounIeis JAR Test uagd
f1 pH vesindunans safureuiluldussleniFedinszuiumsiiinfiuiuiels

< T Ao
Julumusasgiuamunimiinmnug

¥ =-20.245x + 550.07 y=-0.0954x + 8.2821
00 R?=0.8494 R*=0.7226

—&— Turbidity —&—pH

500 8 4o
Linear (Turbidity } = Linear (pH)
a00 RSN z )
- \\. o e
300 N

10 20 30 10 0 10 20 30 0

Tubidity (NTU)

1% Potassium alum (mg/L) 1% Potassium alum (mg/L)

JUN 2 anuduiusseninenudnduresansduiuAnuguuag pH Ae35 JAR test

o
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mimamﬁﬁmmm%juiuﬁﬂ%’%wmué’asmﬁﬂ'ﬁmaEJ'NJ'WEJ (simple
filtration) TngmslvtlyariutuduAITUBY NTINNLIVLALNTIBNENY LAZNITAN
pgnouMaAlifieds JAR Test Mldfansdy 1% mnudadiu 25 me/L grinandfiansan
npasssINAunIInsesedsing Tnglinamsmusuamsduiivazanlunisaing

ngneuludildyuru (m15197 2)

A1319% 2 WaN1INAaRINMAnANLYUlLEIlAEIENSINAENEUIIURUNIINTBY

Turbidity pH Turbidity removal
Treatments

(NTU) (-) efficiency (%)
vinetheieunaaes 499.33 + 1.53°  7.77 + 0.06° -
NNIANALNOUAILETTAL 4.42 + 0.24° 6.53 + 0.06° 99.12 + 0.05°
MInTetEeg 6.87 + 006° 757 +0.10° 98.62 + 0.01°
ANSALNBUSINAUNISNTS 4.45 + 0.12° 7.42 1+ 013 99.11 + 0.03"
Ftest x o .
CV (%) 0.60 1.42 0.04

1% 3 ' N | a a ¢ a
nugwmn: teyadnasadudnaie + dudesvuninigiu (n=4) ATERANULUTUTIUNILGLD
(One-way ANOVA) 1U38uLflaunanuuans1suasanadeszninenanugu (turbidity) aaadu-ang (pH)
warUszAnsnmnisandAugy (turbidity removal efficiency) Tunssuaseneg fuganluaumieds LSD

#i p<0.05, * uay p<0.01, **

M1597 2 wan1sneaesmdaanuyululagIsnsanagneuTiiunsnses

WU anunsandnenuuluinlaliuane19nISnnsanagneumuaSEN WakANeNg

o w a

91NN13NTBIDE RN TEEAYNINETH (p<0.01) FIN13N5090819918@UIANITA

Anuulatasndt Tuvaeiian pH Jwuildufiudu (pH=7.42) sgrefidvdAydade
WIBUIBUAUNTANAZNBUAIBANTEN (PH=6.53) Ui A8N1TANAZNBUTINAU

n13nseadiuszaniaimmidnainugu (99.11%) unNNi1N15NTee08194Y (98.62%)

o w '

pg19ldsdAY WAlLANAI9AINITNITANAZNBUAIBANTAL (99.12%) 1NHANIT
NAADIRINALERSTITLI FTnTnTesedsietleiiuAT pH wilsEAnsannis

[

MARAUYUEITRENIITNITANAENOUMILETHLLALITNIANALNBUTINAUNITNTEY
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%a?’%mmaﬂwdwL‘flumiﬁifwﬁuiwar;hufa@ﬂsaq%umuiﬁ NTINLAENITNENYIULINA
sensifia pH yaah Lﬁmmﬂi’a@ﬂimé’ménﬁm pH g9 FsvreanA1AudunIn
o9t Tngszuvtussugurudlngliiinannaznoudeansdudl pH 5.0-55
derindndluth uagshuszuunsemaefignuiy pH By 8.0-85 (U3E FouSaniie
Budifless 919, 2561; Liane et al., 2006)

v

Han1sUsEiuANYULay pH vosldyurunud Ulidinageu daiy

quAudnags (Turbidity = 499.33 NTU) uaziilusisseu (pH = 7.77) (U 3) i

q
v

fandmgnasnanssuutlssdmtiu wandliifiuinssuunssdniidssdmto
lallfnasgiu uasthmnaeuduggruiinasotAuiifiarumugs Seggruvinliiaa
ulutigendn 100 NTU Usnaansduvidduardlutiugs Ssdswasionisldansiad
ANAZNBUNIN (IHFAT FuURUIANG LazAy, 2561) ﬂmﬁy’ﬂmﬂmmjﬂmﬁulﬂmu
smsgIunan U ssddugimanuduzihesesiniseuelaniidmuals
A1ANyuliiY 4 NTU wag pH 6.5 - 8.5 (WHO, 2011) dlenmasldusunaansay
Fmunzanlunisadranenaudieds JAR Test fimududu 25 me/L anunsasidn
Araulds 99.12% Fedimanusuuasnieluiiniu 4.42 NTU uasdsan pH
1.24 yilindunsngeu (pH = 6.53) (M3t 1) ifesnansduiirnudunsalaei
A1 pH = 3.3 (S1lw ngfasnedna war ainey fadunnns, 2563) uaztilofinnsand
nsanagnauvesansduiianinsnidaauguuesilldnuamnsg iUz
druninanuduuzinvesesdniseundelaniinnuguuesi i 4 NTU uas
pH 6.5 — 8.5 (WHO, 2011) wuianuuduvesansduiildlunismaaeudilianunse
aneauesldsnt 4 NTU Sufaidlesnindoduansduadiuan pH udnis
npgneuaranaudu 5.5 Geansduarannsardnaueuldiluiag pH wangay fo
ogfluras 6.0 - 7.5 (3¥ani SouuAAaY, 2563; AWWA, 2005; Twort, 2011) Tedsra
yhlaudutuansduildlummasouadsdldanusaidnaugulisini 4 NTU
mmmmgmﬁh:uwmgmﬁmszmmugﬁmﬂmm@i’wLLuzﬁwmmﬁmiamﬁsﬂaﬂ"lﬁ
Faudiulddn mafiansduasdvsyansamlumstidanmuguldinmvietostuegiy
anetade 1y Usinauveseatudeiuretn Tnsauguiduduiigeluagrili

a1sdufivszansaanlunisiidnaiuguaesinliuindu fesanUiuiuveawds

o
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1%
= = o ¥

wyuaseingaduieinliidlentafieuniaas audiiuiiiugadualy (e

Y

2

€

1%
v = (% o

uRUIaNa wazAy, 2561; Tudu é’msyganﬂﬁ, 2542) 4NN ANSNWULVDIUN

q

' (Y]

wu pH Anuusng (alkalinity) uagUSinamasansanazneufilddinadutiadoddny
fifluasouszansamlumstidnanuguuestn egrslsfnudeyannududuyes
asduiimnzaulunisaiienznoudaeds JAR Test AldannisAnuadsd aunsn
iluysulflunmsndnUssiiuvesmjthudelidiussundauninuasdisanduu
nsnan wioanansnihludseendldlunisidnenuguue shussumiedifvann

whasdue weliidaunniuunzaulunislduselosisaly

UM 3 dnwagveaildyuwy (hegrdmeas)

dmsuitnisnsesihegnadny (Simple filtration) AUNTNAAAIANUYY LAY
pH letfosniinisanazneusisansdy esanyansesiidnrhiuusznoudeniu
msueu nTauaE TNy Fetandnanilnuantfiduais lnedn pH vosriu
98381374 7.1-10.5 (Inyang et al,, 2010; Lehmann et al., 2011) @unsagigusu
anw pH vesidunsageulidunansudiseannauveninendshudunsos
Fuduldainnisanauguuazifinan pH vesilaeldisnsanasneudieansdu
SwfumansosesnaeviliinuansivnausomsliUsslovdifiatu (el 2)
uaranAABNSuRTIBsoguA NN siudaa sAuTiTa it un Al e

WU RRNMSTEAeARRIT kA iNafaTEUUUTEAM (NBIRIUANANAINYT AT

v
=l v @ o

UszUrdauginia, 2558; Berman, 1980; Arena, 1974) lodudauridunsaain

nszUIUNTANAENauNIAiiisset1afen Belunintuiion pH 999l ANl 4
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a a a I a ada

lvansduuandlieraiiifloudesunazidufiy (toxicity) seddldinle 3amIssnw

Y

pH Tegsening 6-7 erdnnnuguliaanuazdosiunnuluiiy (sfinssa stwon

o £

uazasNANN Asdndatan, 2550; yun afnnad, 2561) udog1dlsiniy msidenld
Bssrdaanuguluifmngautugueu venanasfinnsaniladenisléarsiad
war pH $AUUTEANTAINNNTANAMUYULAT AITRNARBTUAINITNTRLARDTY
dielviduladn dhitiunssuismdnanugudndnusaanidelsaaiey deuld
Uselomisoly lngmevdsnnivihmafuasazaeaasiulunds 30 unit dosaunsa
Tausununaesudasylasening 0.2-0.5 mg/L Seazannsatfosiumsuuitouveaie

1sala (WHO, 2008)

#3UNaN1339Y

Somvssilflusururuunludisguiianmbudsou Snadouna
ArusfuAnudegs ddlunsdanisaruduiay pH vesinitelimazautunisld
Usglewdszauainsaulagldisnmsnnnznoumeansdusiuiunisnsesegredeil
UsgAnsnmidnanuguldds 99.119% Fsliuandaainnisanagneusgasduiies
D819LAET (25 mg/L 103 1% potassium alum) LLaZQmauﬁ’ammﬁﬂ (pH 4.53) oY
Tugrsnautfindunans (pH 6.6-7.3) venilndides Turaeiisnisnsasenade

(@uld nsauaznsIuvenv) duszansaimnismananugulatesninisous weie

q

a [

pH ldumne1991n38n1sanagnousiuiuni1snses aetu 35Mdaauguluuilen
winzadluAIFTaUTUUNININTIGARAD N1IANALNBUMYENTANIINAUNIINTDIDEIIE
= i 1 T ¢ H |

WeosanAAuguwar pH vasdndulununugininsgiununiniiussidiu
2in1A warannsIEABIAIaweauAInINMsidilimnzan Tiuve lanaass
N15835199¥NouAI83T JAR Test uazianynnsetod1sdngaiunsonlaluvioady s
ag3lsfimu laaasldiriiiuisnaassdenanlgulaalagliiiunisedslsanou

T8I NSAUNS DLAUARDIUAILITNSHANARDTU

=
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ARRNISUUITZANA

v
[

ITeATal

] ¥ a

WSgaened esnldFunuganyunsiseainanituide
waziaw wazeugIngImanswavinalulad aulalasinisdesangnseAuAMnIN
NMIANYIMUUBIATINAENTLUIUMTYUTUTEUIMINTN PLC uaglassnisuinnssy
\WeysUIN1391n Productive Learning ogeniwizngnisurluldase uninendy

[ L3 LY & @ Y =
'3’15031{]’3161886\‘1?15514 s[,u‘V\li%U'ﬁJ'i’]ngﬂiJﬂ f\]\'i‘Vl’JG]UV!lIﬁ’]u

LANEN391989

futum waewnd. (2544). n15UsuUzenan wihduluan e iduuaiiseiu
INTFIVEINSUNTLUINNTITNTIINTONT. (IneTnusUSyay1ianssuaIans
wdaudie, nInerdemeluladasund).

nsueunsle. (2563). gilounaniinissanisannimhuslnalsadeuluduysiunis.
UUNY3, NTENTHNAITITUA.

ﬂaqmmmammwﬁw n1susgUrdugiinie. (2558). Lanar5vayaniiuvaende
(MSDS): a754u. Auduile 16 wwieu 2564, 910 http://wac-portal.pwa.
co.th/attachment/topic/30/MSDS-Alum2.pdf.

ﬂa\ﬁmwﬂmmmwﬁm (2544). Lona15UsznoUnIsANaYsIITeY @mmmfwmzms
URTIEH. mMsUsgtauginig, AFuNNe.

nsuszndiugiinie arvimunuas. (2560). glaU AU NI1TVAADIDI5INaS.
aseum, msuszrdgiinian 1 saenans WI-VT1-CF-01. 12 v,
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Abstract

90% of the farmers in Khamtaka District, SakonNakhon Province work
in agriculture, with 39,496 rai of rubber plantation area. 90% of the rubber
growers use herbicides to take care of the rubber trees to grow better. This
research aims to examine behavior of using and compare herbicide by rubber
farmers in Khamtakla District, Sakon Nakhon Province. The population was
legally-registered rubber farmers from 2,331 households in 4 sub-districts of
Khamtakla District, i.e. Khamtakla, Natae, Nongbuasim, and Phaet by using
Taro Yamane’s formula. The sample were 341 rubber farmers. Data collection
was completed by using questionnaires as a primary research tool during May
- November 2020. Data was analyzed by descriptive statistics, i.e. mean and
standard deviation, and One-Way ANOVA was also applied for hypothesis test.
The findings found that all the rubber farmers in 4 sub-districts had overall
appropriate behavior before using herbicide in a similar way - in other words,
their behavior before using herbicide was sometimes appropriate. Besides,

their overall behavior while using herbicide and after using herbicide was also
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indifferent, that is, they always had appropriate behavior while using herbicide.
and after using herbicide. It showed that the behavior of farmers in using
herbicides was appropriate. and should be controlled for safety. and required
cooperation from all parties in order to reduce the number of patients caused

by the use of herbicides by farmers.
Keywords: Herbicide, Behavior, Rubber farmers
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Tyiwngnivtinvesiviiy o
, ety - - - 0.999
WATY IR VDILINIT
U - - - -
L. 3 fandn - 0.000* 0.000* 0.003*
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M13197 3 Anadeuazal p-value YBINIINAABUANLLANA1NYDINE AN T VLTS
asnimdnfyivvesnunsnsguanersnnsifendelusuasneiumeds

One-way ANOVA

' = a a‘ a wa P o w w
ﬂ’]LQﬁEJWqﬁﬂii&l‘i/lﬂ?iﬂﬂﬂﬂ‘umxiﬂ!ﬁ’]iﬂ’]ﬂﬂﬂﬂgw%

nsUfdRvesnunsnsiigndes emuay m‘u? miiaa e P-value
Amndn Ui VAVCRVEEH une
N=71 N=105 N=87 N=78

ninsaufiesufiRvasldmstia 1.09+0.61 1.13+0.56 1.12+0.56 1.10+0.57 0.268

dngilunms Uﬁﬂ’amw%& U.{]ﬂ'ﬁmaﬂ%& Uﬁﬁawﬂ% Uﬁﬁawﬂ%

1. aaumihnndestumaiumela 1.3420.78 1.62+0.60 1.69+0.54 1.58+0.64 0.190

vougdanuasindndnivily Utannade Utannade UtRnnass UiRnnada

2. Tdwium viensaunilide 1.04+0.86 0.98+0.76 1.03+0.78 1.00+0.76 0.948
Uﬁﬂ’amw%& U.{]ﬂ'ﬁmaﬂ%& Uﬁﬁawﬂ% Uﬁﬁawﬂ%

3. augaflesaynaddlunisnasans 1.14:0.87 1.24+0.87 131082 1.28+0.85 0.647

dnJuiiy Uﬁﬂ’amﬂ%& Uﬁﬂ’amﬂ%& Uﬁﬁannﬂ% Uﬁﬂﬁuﬂﬂ%ﬂ

4. EANABIILETY MUNITETIVEY 1.63+0.49 1.64+0.48 1.63+0.49 1.59+0.50 0.918

ynufivansmaniviiy Uﬁﬂ’amﬂ%& Uﬁﬂ’amﬂ%& Uﬁﬁannﬂ% Uﬁﬂﬁuﬂﬂ%ﬂ

5. anlldsearignens Armgsnda 1.54+0.50 1.58+0.50 1.51£0.50 1.51£0.50 0.720

p3aes uaﬁam% uaﬁam% Uﬁﬁﬁnnﬂ%& Uﬁﬂﬁi’jﬂﬂ%&
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&
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15. yiungamsvharuituiifiAnduan 0.90+0.30 0.94+0.23 0.95+0.21 0.95+0.22 0510
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3. NOANTINNAILTE5LATNIIN YNV INWATAS

HAMTIATIEINgAnsIunasldansiniidniviivresnunsnsguaneranis
gunemnnd1 daniaanauns wuit ngAnssufinasujuiandaldarsidaiuiialu
AINTINYDUNYATNIAIVAAIAINGT AIUAUILA FUanueItIdd LazdIuaLnn
lslusnsinaify #o inwnsnsiimsufoRvddldfgniemnads uwidfinsanlumeasden
Tuwdagdelunsuia wuin Sifies 1 shdensufiandanuunnsaiuegned

Wedfgmaasegiaiseau 0.05 (P<0.05) A N15n533aun nUsdnl Lavnsiaden

Jutszdmnl dwnsed 4

AN 4 ARAEKAZAT p-value TBINITNAFDUAIIULANAIIVDINGANTIUNAI LY
asniimindvivretnunsnsugnensnsnendeludiuas1eiunig s

One-way ANOVA

' o a a ava gy o v w _a
ﬁ’lLQaFJWE]Glﬂ551]1/]ﬂ?iﬂﬂﬂﬂﬂﬁﬂiﬂﬁ’liﬂ’lﬂﬂﬂﬁEW‘U

miﬂﬁﬁaﬂuaemwmnsﬁgnﬁ'm omuaﬁ mu;: mtan A P-value
AN uud ey unn
N=71 N=105 N=87 N=78
wgnssuiimsufivdddasidadaginly  (1565047)  (1572050)  (1.56£051)  (1.60+0.51) 0.337
AT Ujthvnass  Ujchmneds  UFRmnedt  ufoAvnede
1. &silennedmdahnufuansaiiindn (1.94+0.23)  (1.94x027)  (1.95%027)  (1.95+0.27) 0.985
Tty Ujthnnass  Jichmneds  UFtRumnesi  ufoAvnede
2. diefsthuiuowd e wareinsianie  (183:038)  (1.83+039)  (179:041)  (1.82+0.41) 0.921
iufinewhasieetiedu Ujthvnass  Ujchmneds  UFRumnest  ufoAvnede
3. nemudeiniasldituiindedaviuansind (1.77£0.42)  (1.70£0.46)  (1.63:0.47)  (1.79x0.46) 0.085
Uﬁﬁ'@wgnm%?& Uﬁﬁﬁ‘w‘ﬂﬂ%& Uﬁﬂ’awﬂmx@ Uﬁﬂ’awﬂmx@
4. vimuuendniderlivsUuiuidednay o (1.79+0.41)  (171+0.45)  (1.66:0.46)  (1.79+0.46)  0.146
naadavuansinil Ujthvnass  Uichmnede  UFtRmne$t  ufdhvnede
5 viufudaedodlouasaunsallumsariu - (1.80£040)  (1.84+040)  (1.710.46)  (1.82+0.42) 0212
ansiadifndaiviiy uoneenanieRedddu q Ujthvnass  Jichmnede  UFtRmne$t  ufoAnnede

6. vimilanaunvurussgenseiiidaduiin A4 (1.63+068)  1515070)  (1.480.72)  (1.60+0.71) 0.506

viuAud v demuansiadinndn iy Ujthvnass  Jichmnede  UFtRmnedt  ufdAvnede

7. dovinlonmsidutieviehianevinduny (1.83+038)  (1.83:039)  (1.800.40)  (1.78+0.41) 0.850
e/ Wvthilans gy wdsdavivansiad Ujthvnass  Uichmnede  UFtemne$t  ufdhnnede

mdaduiiy

8. vidinmsantheudadounsdamueio 1.38 1.38 1.34 1.34 0.604
ufaouynnady (0.489) (0.490) (0.488) (0.483)

Ujiinness  UjdRnnass  Uftavnase  Jfdavnase

o o
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A3 4 ARABLAZAT p-value YOINITNAFDUAINLANAINVDINGANTIUNAILY
asnimdnfyivvesnunsnsguanersnnsifendelusuasneiumeds

One-way ANOVA (si9)

' a‘ a P awva way o v w A
ﬂ’lLaaEIWE]ﬂﬂiill‘VIﬂ’]i‘iJg]Uﬂ‘!}iaﬂ‘ﬂﬁ’]iﬂ’mﬂﬁﬂﬁw’ﬂ

nsUfdRvesnunsnsiigndes Dmuaﬂ mui miiaa b P-value
Amnd Ui VAVCRVEEH une
N=71 N=105 N=87 N=78
9. yuiin1InTIvgunmUsEdld uaensan (0.23+0.61)  (0.94+0.83)  (0.86+0.85)  (0.97+0.83)  0.000*
Womduuszdmnd LdUjoR Ufthvads  Jjdhueedt  UftRuseds
10. vilithnususseanseiiidndaiiol  (17240.45)  (1.50£050)  (1.60+050)  (1.58+0.50) 0.445
dudandunldlmi Uftamneds  Jiohnnads  Ufiemneds  Ujohvneds
1. viudniuansiadiidadviialiludifiin (1.77+0.42)  (1.80£0.40)  (1.78+0.43)  (1.86+042) 0527
eulids wasuenifiuliosadussden Uf}ﬂﬁmﬂﬂ%& Uﬁﬂ’amﬂ%& Uﬁﬁannﬂ% U.ﬁﬂ?ﬁqﬂﬂ%ﬂ

Uaoaduandniiaes

12. vhuguatnwgunsoluauieleddiefiléBn  (1.96x020)  (195:0.24)  (197:0.25)  (1.81:031)  0.169
wuasedihdauivliogluanmldnuane  UjlRynass  Uiohvneds  UftRuneds  ujohvnede
13, vinladvhafianilddmiudaniuamand (0.6740.79)  (0.71+0.80) (0.84+0.81)  (0.87+0.81) 0.254
fndadngionldaaldlunsddy Upthueeds  dithuneds  ufiunedt  uihuieeds
14, winvinudinsdudaansindaiuiialeivih (1.5120.65)  (1.34+0.67) (1.34+0.64)  (1.38+0.67) 0.243

mMsddsgietiavetaunuy o egntes 15 UURnnase  Ufdfnnass  UfuRnnedy  UjdRvnese

=
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nduiInantsagevauufgiulaunitnis@nsniiaIeuiiieu
ngAnssunddldansiadidnisfivvannunsnsguaneranisnni 4 drua Wusee
e85 Scheffe WU NEANTIUVRANYAININTANINTIRFVNMUTEITkaATIAGEEN
& ° o ° Y oA a ' ° Y o v a
Judsegdmny dvadiaind) IAnafeuwnnseandivauiud duanuestidy uay

Fvalng ogNttYEIAYNINaRRTEAU 0.05 (P<0.05) AIR15199 5
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Wuusgamnd

e - - - -
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Usunaansdanezlasu (a-amyrin) lTuansanaainluanuide (Chromolaena
odorata L.) fidginfageniuaanazqns lun1seueitanLuniilze
Propionibacterium acnes

CONCENTRATION OF OL-AMYRIN AND ANTIBACTERIAL ACTIVITY AGAINST
PROPIONIBACTERIUM ACNES OF ETHANOLIC EXTRACTS FROM
SIAM WEED (CHROMOLAENA ODORATA L.) LEAVES
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retention time 1Ay 4.355 U7t FaidnlndiAsafuan peak 199815UIATEIU
a-amyrin (4.251 W) mavadeurNaInnlun1ssusade P acnes wul A
uduiaavesansluniséiudade P, acnes (MIC) winfu 0.78+0.062 me/ml uaz
arundudusiianvesanslumsvhanende P, acnes (MBO) winfu 1.56+0.017 mg/ml
Faflqrslunsdiudade P acnes s Tetracycline HCL arsafaanniudonsisnn
Lagansnnataudendurzion uiginitasanafalusiudends dgnilunnsg
yhaneilio P. acnes #1n Tetracycline HCL uazansafinanndonilang Wweigendn
asatmanUdensduvsion uazansainainlusfudiznds Wevhnsmaaeusne disc
diffusion method (clear zone test) inududuvesarsafnainluaruide 02
me/ml wuitanuevessatdnlawintu 14.6740.471 mm Feflaueiunnnid

6 mm V84 paper disc Jsaunsadugauaiiiay a-amyrin 16a

Aadgy:  arsanaluaiuide, dadi-ezlusuy, WeanuaiilFelnsileduuaisey

LaALd, @7

Abstract

The objectives of this study were to evaluate the concentration of a-
amyrin in an ethanol extracts of Siam weed (Chromolaena odorata L.) leaves
and to test the bioactivity of an ethanol extracts from the Siam weed leaves
with inhibit P. acnes (DMST14916). The results of the study showed that
concentration of a-amyrin in ethanol extracts of the Siam weed leaves was
163.1 mg/g of dry leave, and retention time was 4.355 minute (peak of standard
a-amyrin at 4.251 minute). In the part of the bioactivity test on P. acnes
showed that minimal inhibitory concentration (MIC) and minimal bactericidal
concentration (MBC) of Siam weed leaves extracts were 0.78%0.062 mg/ml
and 1.5620.017 mg/ml, respectively. MIC of Siam weed leaves extracts was
higher than that of Tetracycline HCL, mangosteen pericarp extracts and liquorice

stem bark extracts, but lower than that of cassava leaves extracts. MBC of Siam
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weed leaves extracts was higher than that of Tetracycline HCL and mangosteen
pericarp extracts, but lower than that of liquorice stem bark extracts and
cassava leaves extracts. In addition, disc diffusion method (clear zone test) at
0.2 mg/ml of Siam weed leaves extracts concentration revealed that radius of
clear zone of the Siam weed extracts on P. acnes was 14.67+0.471 mm
(diameter of paper disc is 6 mm). The results of the study demonstrated that

it can be used as a good anti- P. acnes agent.

Keywords: Siam weed, Chromolaena ordorata L., a-amyrin, Propiobacterium

acnes

uni

audedutsidlutiuiinuasnssy dadufingnsu idesnnisaiydule
wazveeuglasingiuan tnwasnsdrlugirdnarvidesvaisiadidndod
FaAnnansznusoduindennazguninenyed aisalinianisinuasfinnddly
Aawndon szAsliAnsusesestuuinauaziiigvisldeimns (Rouw, 1991; Vitell
et al,, 2018) 1ummzﬁ7‘imuLﬁ@gﬂi%’l,ﬂuﬁ%gulwmm??qLwiaﬁaimwmiumi%’wﬂiﬂ
sineg anudesaduiniifidnenmlunstaundundasusineg nsduiesaude
unlduselomidsannsoannisldaaadminivfidluiufinunsnssuadld auide
(Chromolaena odorata L.) Lﬂuﬁﬂjﬁuﬁjﬂ Elsﬂu’mﬁ Asteraceae luatuideusznavu
Tusheansngnuaiivatgeda Tuarudedinislddueayulnsshvrvinunanazi
Fon ity ufsniau Shwenmstmideads (udu (Bouda et al, 2001) answgny
witnululuanude aunsoduundunguiumssnausarasnduiudouuniie
(Venkata et al, 2012) @13 a-amyrin TulumuidedianautiFmlunissudatauuniize
WATHUINLACLATUAY o-amyrin Lﬁuafliﬂ'ﬁzﬂauiumju pentacyclic triterpenoid
ﬁﬁmgﬁﬁuﬁgmg hydroxyl (-OH) uagu methyl (-CHs) %3] Hydroxyl (-OH) vesans
terpenoids fdnenmgdlumainfusiulsiuiitiedudiiansmueaduleivude
ulwadveauuaiiise anunsadinaneiusylalasioululassadslusiudidu

o o
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psAaUsznovvedlulellaurasuunilisy wazdianunsadiunissniaulan a1snay
terpenoids ﬁﬂ'ﬁ%ﬁﬂ%ﬂ’]wgﬂm’lﬂiuﬂﬂigUgﬂLLUﬂﬁL%EJLLﬂi%J‘U’Jﬂ (Kiplimo, 2016; Brown,
1998; Harizon et al.,, 2015; Miklasinska-Majdanik et al., 2018; Brandas et al., 2005;
Olajide et al,, 2000) &4 Propionibacterium acnes Junuafieunsuuanyilanil
fisusnnduviou (rod) neliAnds lutdeguiinsldenduwuaiiSenguaiiivsesdly
n155nw1@3 (Luangnarumitchai et al., 2007; Hassan et al., 2015) @sainluanuide
Feamnsouldlunsiudaie P, acnes ununsldansnduaiivsesiiionaneliian
nathades madufunisivitedidudamluiuiinnsineasuldliiadsslow

1ATU

3/anliun1side
N1SLA3ENINAULALNITINANTENR

3 = ° 1% v v o o a o
LﬂUiﬁ‘Ui’Jﬂum‘ULﬁaa(ﬂ u’m’lmﬂ‘waza’lﬂ DULIN 40 C UAaLLagn dnm

a

F1uLNANA soxhlet extraction M 40-60 °C 1d1an1usa 95% tJusivinazane
dnsaruNasluanuLde (nSY) fafvinazaty (Nadans) windu 1:10 (w/v) ¥1@1s
anaiilaluszimesme rotary evaporator laansanadudu Andu 2.5% (w/w) 20964

(% a

Tuaudewieiildhunduingfvlunisade ansafaduduiadaldaunsaidlld
Uszlovisiold

ASAATIZIRIANUTUTUVDIES a-amyrin Tudrsanaluduide

1dwmadia HPLC (high performance liquid chromatography) lalenaiisd
(Shimadzu, SPD-10Avp) ANHENAAY 205 nm AuUANIEszULLaslUsLNTY class
VP lun1suseunana meauuaila octadecylsilane (Inertsil ODS-3, 4.6 x 10 mm,
5 um) d1sazaneinandoudl Ae acetonitrile waz phosphoric acid 0.01% (v/v)
futhuay phosphoric acid 0.01% (v/v) 8ns1n15tna 1.0 mU/min USuianisanans
20 Wl retention time ¥@4a15UINTFIU o-amyrin WU 4.251 U9l laganuuag

971 Wagh et al. (2012)
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MInadeUaNENIsTInnYesansataanluauideiianadieeniuaade

L%,a P. acnes
1. maneaeuarmdudushaavesasatnnnlumuidelunissudaie
P. acnes (Minimum inhibitory concentration: MIC) l#inatia microdilution method
i%mmilfﬁymﬁa Mueller Hinton broth (MHB) (Merck, Germany) Ui 37 °C an
24 §3%09 Wiuansavate 200 pl asly microtiter plates 100 wau Usgnaunigans
afmanluanuide 20 pl wazwuaiisely MHB Usues 180 pl Fari1u microdilution

method W& (AMududy 10° CFU/RD Uil 37 °C i MIC fimnsanannanududu

'
o

Manvesansatnluauidedilainuausulunguues micotiter plates Ingsinuuas
91N Basri et al. (2005)

2. manpdeuaudutuiaavesasataluauidelunisiiaeie
P. acnes (Minimum bactericidal concentration: MBC) Qﬂmiazawmﬁwumm
ua1n microtiter plates UL 171 100 pl Ysnidssuuomisasade Mueller
Hinton agar (MHA) (Merck, Germany) Uil 37 °C 1ian 24 F2lua A1 MBC s
MnAmanudutusigavesansadaanluauidedilinumsaiyiulavesuuaiise
IneaLUadan Basri et al. (2005)

3. nsnnaeunsvesansafnluatuidede disc diffusion method
et 1 Taladl aduewnsidissdie Mueller-Hinton broth (MHB) Uit 37 °C vian
1 §2las Y3uanaejudie sterile sodium chloride 0.85% Tiléianuguiviniu 0.5
McFarland aaaududuvesiwadluarsazatemifu 1-2 x 10° CFU/ml (Hudzicki,
2009) swab WeliRavinemns MHA 19 paper disc YuIRLEUIUAUENaTe 6 mm
FH1uUNTELTe (Whatman No.01) wssuansataluanuideininududy 200,000
ppm Qmmiaﬁ’mﬂ%mm 10 pl venasnas paper disc 279 paper disc 89UURINTN
awnsdsate Yul 37 °C Hunan 26 Falus Ausansduds (nhibition zone)
IFannaaueavesiaiivesdiula (clear zone) i3als Tnefaulatain Adisuzel

et al. (2007)

=
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NaN13IBAZIAUTINA

1. HAN1SNAFUETS a-amyrin Tuansanaluatuidaflemaiia HPLC

NAN1SATINEEUMUSUIES cramyrin Tuansadaluanuideunisiiatage
LOVIUDA WU @IUITORTIVNUAIANUTNTUTDIENT a-amyrin Tuansazanefeeng
WU 2.33 pg/ul e 163.1 me/g mawnsluanulde 1aedian retention time LAy
4.355 Wit (9971 1) @3 o-amyrin Wuanseengnididyiinuluaisaiaainlu
waz31NUeIa1ULHe (Venkata et al, 2012) o-amyrin 1luarsngnuiadlungy
pentacyclic triterpines wulaludivvanes via (Sporn et al., 2011; Oliveira et al,
2005) arusdeifufivluaed Asteraceae Fearunsanuans a-amyrin Tufigaad

Asteraceae ¢ (Garcia-Risco et al,, 2017)

A9 1 AMUTNTUBY o-amyrin Tuansannanluanuids

" - Audutune I =
YBanasdt A . L Retention time (u1%)
- UUNLNIINGAY Peak area
an (KO (ue) F15UINTFIY a15a1n
(mg/g) =
4.251 4.355
20 46.6 163.1 920591
P-value < 0.05
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208 o 0 - S T o 1
oyt 1 gt 6 ulley
04 e 1g ot _Sulingdat r%
| Retengion Time [
4 tas
01 8 [0
1 A
% T has
0 2 3 [ 5 [}
a
W
(n)
T Teyrra e - 0
;
S sonvoud iR i
Retertion Tme A o
20001 Name Ry
Ll )
\ v .
: ey 1000
1000
= to
‘‘‘‘‘‘ | 4 ) 1] 3 L
4
UM
)

AN 1 NISVAGOUAT a-amyrin luasadnantuaulde sewaila HPLC
(n) peak area ag retention time U89 a-amyrin 11A5§ U

(¥) peak area Wag retention time V89 o-amyrin Tuansanaluaiuide

2. HANIINAFIUANTNIITININVBIEI5aNR N luauLdeNanaf8LaN1
&
UanadLYad P. acnes

2.1 wansvageuaadutusianvesansatanluauidelunissuds
uazvhaneide P. acnes

nansnaeuatutushanvesasatanluaudelunsdudude
wuafide P. acnes (MIC) wuin anmidudusigavesansaiaainluaiuidelunis
Judade P. acnes wihifu 0.78+0.062 me/ml lowIeuiiioudn MIC vesansaia

MnluaudetuNwlndu wuln arsannantuaiusdeiiuseansnmlunisdudate

o o
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wuAfiBe P. acnes gesniansafnainlusiudvds udiiuszansamsndiansara
Nnwdensaiigauazansarnandendurzion uazideFouiisuiu Tetracycline
HCL wudn ansafnannluauidefiuszdnainsinin Tetracycline HCL 97.5 win
(91971 2) FauduunffiefiauranunsnsengrslunisduduuaiiGeldlunay
duiisninansatinaindie

nansnadeuAututuigavesmsatnnluaudelunisiaiede
wuAiise P. acnes (MBO) wud1 ansdudusanvesansafnainluaiuidelunis
wanaidie P. acnes Wity 1.5640.017 me/ml iewSsuiiieusn MBC vasansafin
nnluauidefufivaindu nui1 arsadnainluauidediuszansaimlunisviane
Jeuvaii3e P, acnes ganinansafnainiudendussionuazaisainainluify
dlends uwiuszaniamdniasadaaniudensaige uagideIeuiisuiy
Tetracycline HCL wuin ansafnannluanuidesiussansanlunsiudadonuniise
P. acnes Gi;ﬁmf’lsn Tetracycline HCL 97.5 11 (mswﬁ 2)

1%

a-amyrin Wuanszddaaianiduluanuderifidnenmlunssuduas
yanouuaii3eldd auidegninunliduivayulnsdestuuas fnwenisinde
P.acn es fimilsiineliiAngs a-amyrin Sevdlunisiuduuaiieviaildun
fassasraduiauudu 52 Tvyileidu fo wlonsenda (OH) 1 fums (1wl 2)

wvhane P. acnes JuduwuafiFeunsuuinlad Tnedvianefintasadvssuuaiise
wnsuUINFedanunuuazanududoutesnitunsuay uazdoilviauanansely
msé”nﬁmmulﬁaﬁuwaé (permeability) Lﬁuqﬁu qaﬁaauﬁammLﬂuL?jaLﬁaﬂmu
AIVANNISIN-09NVRIETIALNA (Venkata et al., 2012; Parsaeimehr et al,, 2017;

Stefanovic and Comic, 2011)
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A19197 2 HaMIvegeUANNILTUINgRTatEsainaIntuaude Nurlindu wazen

Uftuslunisdudanazihanewauuniiise P. acnes (MIC wag MBC)

MIC MBC
ad15nngau
(mg/ml) (mg/ml)

asanmnluauide 0.7840.062 1.56+0.017
aﬁaﬁmmmﬂﬁaﬂmaﬁmm* 0.011 0.191
ansanmannUannauYsLeu® 0.262 >2.052
asannanlududrUznae* 1.253 2503
Tetracycline HCL 0.0082 0.0082

AU 1Khumsupan & Gritsanapan (2014), ?Julianti et al. (2017), 3 Mustarichie et al. (2020)

* 4vhavate fe ey uea

HOY™ /.

Al 2 lasaasneluanaves o-amyrin (pentacyclic triterpenoid)

2.2 Hamsvadeugvisvesansanaluaudese disc diffusion method

ansatnainluaruideiiatasoieniueadusvararefidaududu
Winffu 200,000 ppm ¥3e 0.2 me/ml aunsadududonuniide P, acnes I Tned
Usnan1s8uda (inhibition zone) A¥Aa1nANENIvRISATvasdld (clear zone)
Wiy 14.67£0.471 mm Wewsudisuiunisiiudaie P. acnes vesansainann

= a a

flwiadu wuii fuseAniamlunssudsganirarsataainlutudUevds ued
Uszansamluniséuds shndansatnaindensadinauazansainainiudendu
sy101 waziilel3uiisuiuen Tetracycline HCL wudn Sluszansanwlumsiuds
N7 Tetracycline HCL 195 111 (1157197 3 waznawdl 3) @15 a-mangostin 1y
aseengvisidAnlumsatnndensadsga dvyfleasenda (OH) iWunyiledidu

4 3 dumds uaziivyfiia (-CH,) 89 4 sumie douiluszdnsamgannlunisidn

o o
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[

vhansdwuverieadvesLuaiise ansiiarseengriiiddyluasatnainiudensu
Yiou LU vanillic acid (2 nylensenda) caffeic acid (3 vylansenda) gallic acid
(4 nyjlansenda) protocatechuic acid (3 valansenda) p-coumaric acid (2 nyls
ATeNTa) WAz ferulic acids (2 nylansenda) 1uansngs phenolic acids Afvgans
vanda (-COOH) uansnudunsn d@u Tetracycline HCL Swylansondads 5 wy
aglulaseasne (Pothitirat et al., 2009; Aisha et al., 2012; Abass, 2018) F9a13130
Fuduazvhansuuaiideldlunnududuiisnnn a-amyrin uluaude eegslsin
ansatnnluaudedfiansngnuaitug Aduvselovinatediu S1u 42 via
WU @15 4, 5, 6, 7-tetramethoxyflavone @afigndlunisviuiden a15 Sakuranin 3

a

~ Ly o . = o Lo & v

Hgnasunseniay @13 Ethyl linolenate @eilgnizanueuyadase Wiy (Venkata
et al,, 2012; Triratana et al., 1991) @nsannainluauid@edaddnaninlun1swaiul
Wundnduainngg Al 1wy wawdud drenansdnwalid wa9 fllnudasaiese

Auslanuasidulinsrodauindoy

P = = ] a v & & o 2
A1519N 3 LUTYULNHUAIUILIUNTEUENID P. aches Guaﬂa']iaﬂﬂf\]qﬂfLanULﬁa

Wyytndu wareuiue (35 disc diffusion)

o AUTIUNTTE UL
ALY ",
Amagau el (AugvassAldula)
(Naan3u/sagans) - a

(Hafung)

asanmanluaude* 0.20 14.67+0.47

asananUdenwaina* 0.01 33.60+0.50'
asannanUaenauszlan® 0.02 17.20°
asanmanludud Uz nas® 0.20 0.30°
Tetracycline HCL 0.25 18.90°

vunewg: | eAmndudnisal mvuzssa uar Usdla awslesi (2553).
? Julianti et al. (2017), ® Mustarichie et al. (2020)

* (dfviavane Ae lenuea
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AN 3 NMSNAABUAIUSHIUNSTUGWTD P. acnes VaIa1SaNAINLUEIULED

#3UNaN33Y

ansannanluauidenadalagldieniusailudiinazals Tusumans
o-amyrin AU 2.33 pg/pl 39 163.1 mg/g nFuNILAsluaULde nan1snadau
Aarududumanlumsduds (MIO) uazAaaududuiaslumshas (MBC) We
P. acnes uandlidiuinansataanluaudedignslunissudaute P, acnes mni
Tetracycline HCL ansafinainiensdenn uavansanaialdenduyzion usigenidi
arsnaaluiiudivends Sqvslunisviiaeide P. acnes fndn Tetracycline HCL
wagansainniudendenn uigenitansainannifenduszion uazaisannainiy
fudrgvds wenaniinanismeadeusae disc diffusion method (clear zone test)
Fmuidinrmenwesiaidnlannnit 6 mm Faduanueridusiuguinatsves
oaper disc feanansadudouuaiise a-amyrin 16d @safaanluaiuideaunsa

ilulglunswauinanduaiansg alglunisdudade P. acnes lanealy

AnAnssuUsENA
YBUAUANANITUITL LALLM AN FBNYATAIERSNatuayuyu
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Abstract

The purpose of this research was to find an algorithm to classify data
for diagnosing diabetes risk. Diabetes Patient Information, Somdej Phrayuparaj
Ban Dung Hospital. The data were from the review of medical records of
patients with diabetes in the past 2014-to 2018. The nature of such information
was high-dimensional information. Because there were many attributes and
some attributes were not related to the classification of data. Therefore, a
preliminary selection of features was required to reduce data redundancy and
optimize the classification accuracy of classes (Class) to solve these problems.

The researcher used the Forward Selection method and how to make
decisions together from 3 model decision trees to select the appropriate

properties (Voting Tree) to measure performance with Cross-Validation, Voting
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Ensemble, Gradient Boosted, Decision Tree method. Tree Method, Random
Forest Method, Naive Bayes Method, Support Vector Machine Method, Nearest
Neighbor Method (K-Nearest Neighbor). Measure model performance (Accuracy)
by cross-validation method by testing the accuracy of data classification. The
comparison results found that a collaborative decision-making approach yields
better results than a single model technique.

This was because when using a variety of classifiers to make decisions
with a majority vote; help to reduce bias, and choosing a good classifier
enhances the efficiency of data classification, make the model more efficient.
It also found that the selection of suitable attributes through a co-op decision-
making approach made the model more efficient in its classification. It is
appropriate to use this model as a guideline for effective medical decision

support in the diagnosis of diabetes.
Keywords: Majority Voting Ensemble, Diabetes Risk Diagnosis, Features Selection
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Forest normf;, AenanUAnviliduninsgiud wmiv i lu tree; uay T Aeduu
J

sulshioiun nedaunisseaunisd (10) (Lan & Pan, 2019)

=
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Yjeall t'ree"ormfiij

RFfi; = (10)

T

7. BinsiFeuiyavid (Gradient Boosted) AeBfifiNugunanduldiFadule
Fafumsuiuussuszansameesuuuiiaedlmilaonsduaisiuliivindulavans
SoelunanarUsziiunausiazlunasuninaslisliidndulaiauysal la n Aednnu
Yo S; dhviinaaasn X, y; WATINSILUN Wldanaunisi (11) uwag (12)
(Dutta et al., 2020)

Si = {(xuyD}" (11)
h(x) = hy(x) + h,(xX)+ _ + h,(x) (12)

8. n3inUszaninmuuudnaedlasliisaseaifntdu (Cross validation)
Aevhnisuusdayaseniudi 9 Inefiuiazdrndsviudeyauintuuasiiuwmazdin
Tuneaeu MntwiuAmugndeedunawiazsoulindriunfiansananaienn

naudeya (Dutta et al., 2020) AwInlARINANNTTAL

Accuracy = ———2__ (13)
TP+TN+FP+FN
Precision = —— (14)
TP+TN
Recall = —= (15)
TP+FN
F — Measure = Precision*Recall (16)

Precision+Recall

TP = §R51AUYNABATIUIN
TN = §n31ANUYNABUTIGY

FP = 9R51ANURANAIALTIUIN

FN = 9051AURANAALT9aY

I~ [

9. FBdenaudnvuziauludramin (Forward Selection) LUuiEn 57t

[

AANWELAaLAIMIANNYNABINIETURDUITNTTILUNTBYALAZYIIN SNAGR U
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AaanvasduItuiAnugnaewinla ntuaziiuaudnyusimugauld

1%
Ya v

Taeluunenailiideld duliiadula 3 lumatisfudadulaiieidennudnyuyia
wlglumsiundaya (Priyank et al., 2020)
10. Fumeunsife

10.1 maifunusndeyanisifed Wunmununssedoudiielsa
Wy nlsmeIUTaaLAansT NS Rl 2557-2561 S1uau 10,875 3183
Usznause 20 Audnwa Iiiheuazenadeya nsdiidoyaliiauysal (incomplete
data) Tl#deyaianysaife 1,435 918m5 15 ARdnwa wansisnsedl 1 udady
Foyarunedulsaumnu 715 au wag 720 Au Aonguitseinieund wWethury
mMsfndenauauURTIINgay Indenndnvusiiinzanifios 6 gudnuvazio
unluldlunisdnuundeya fe FBS, HBALC, Creatinine, FH, EGFR, Drinking lngein

ANNGNARIVBIYATENARD 94.91%

M19199 1 AasdnuazvesdayaUielsaluimiu

AMANBE AUNUNY
BPS AuAulainduy
BPD Ausulaia@Iaig
BW i
Height duge
FBS Aszauthnaludon
BMI ftlananiy
TG Insndwwelsn
HDL lugduf
EGFR onsINsNIRsveLdsvadle
Creatinine mMsvhauvedle
HBALC Yhnaazanludon
FH nssuRusTsTsAU MY
Waist 50UL92
Smoking u‘ﬂ%
Drinking GEL
Outcome naaws 0 = Und, 1= 1Juumu
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a o

10.2 n1sasawuuinaesuidediifulaldinsesioTingvideyane

TUsunsy Rapid miner v.9.6 Way Jupyter Notebook v.6.3.0 TUADUITAITILUA

1Y)

Toyanldusznaume Fe5iududndulalaglmadssiiwnnainduliidndula, 3

)]

ab

A ady a S

wnsiReunyanId, Faulddnduls, Tousuneunaisad, 3udvud, Wdwnadn
nawesuusdy, Banulndidseiuiian wagisnsdndenludrmiiiledaiden
v fvanzaninsyansnndeiaseanindy mstauszansnmieisi
awihmsuistoyasenidu 10 duw Tnefudazdndduudeyawinfiuudnideyad
azdudmedeuluuusaedunsarseutaziuaadsld vuuuilddes q suni
wwasu Mniuftendiedsluiarseusmmaiadeioun fagldmanugniedunis

MuevewuuItaeuiagds ansilunisasiuuudiaeuanslangui 1

| Diabetes Data Set |
Cross Validation 10-Fold

l Majority Vote

| Normalization |

Decision tree
l / Decision tree
| Feature selection |

Decision tree

Cross validation 10-fold
Naive bayes
K-NN
SVM
Gradian Tree
Performance
Decision Tree
Accuracy
Random Forest
Majority Vote
‘ Gradian Tree | ‘ Decision Tree | | Random Forest

JUN 1 nmsadlunisasiwuuiassduundeya
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Nan133vuaranUTeNa
HANINARDIUNANNATULLAILATIZYTAIANLYNABIVDIUUUTIABITINUN

anudsddunsidulsaivimiumeameiaiiodoys lneAiaugnaewaInis

'
=

Fuundeyandeliiiunisidionaudnuuzianslanmised 2 uasdeyaniung

Y

HonaaanwaesgIBideniutamtuanslafmisnd 3

A13197 2 Han5inUsEanEnmvesteya Original Data

Original Data: 16 Attribute, 2 Class

Method Precision Recall Accuracy F-Measure
Voting Ensemble 97.9 90.36 94.22 93.96
Gradient Boosted 97.4 90.76 94.15 93.9
Decision Tree 98.27 90.22 94.22 93.94
Random Forest 99.11 88.96 94.08 93.7
Naive Bayes 86.74 92.01 88.91 89.22
SVM 94.14 77.91 86.55 85.19
K-Nearest Neighbor 84.8 77.62 81.81 80.94

NNAGNENIAINA5199 2 WefiasannAImINgNaes Wudndgsauiu

anduladuszansnmlunisiuundeyaunniign tneila1 Accuracy 94.22%, Precision

v

97.90%, Recall 90.36% way F-Measure 93.96% sadaunfaisaulddndulaiian

aa

Accuracy 94.22%, Precision 89.18%, Recall 92.45% F-Measure 93.94% 15

a1

NSFEUIYANSd A1 Accuracy 94.15%, Precision 97.40%, Recall 90.76% F-
Measure 93.90% 5usunaunoisasn JA1 Accuracy 94.08%, Precision 99.11%,
Recall 88.96% F-Measure 93.70% 35u19uwue AN Accuracy 88.91%, Precision
86.74%, Recall 92.01% F-Measure 89.22% 35anulndidssiuiigauazisdnnasv
LVINLABS LYY U AN Accuracy 81.81%, Precision 84.14%, Recall 77.62%, F-
Measure 80.94% Lazian Accuracy 86.55%, Precision 94.14%, Recall 77.91%
uay F-Measure 85.19% fua1dU Mnnan1FIdedmnseil 2 wuiryadeyaidsl

o
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[

YINNSANLADNANTNYILY

9

o '
[

(%

a

wiugdgenintuneulsau q fagun 2

Y

F5Tududndulalmndestisuniuse@nsainainy

Original Data: 16 Attribute, 2 Class

Accuracy © F-Measure @ Precision @ Recall

40

performance 10-Fold Cross Validation

Decision Tree

Voting Ensemble  Gradient Boosted

Random Forest

Naive Bayes

Methodology

Suppart Vectar
Machine

K-Nearest
Neighbor

UM 2 Usgdnsnmuedlunanigisnseanamduesteya Original Data

M13199 3 HanInUseanEnmvestlinavesteyafiiuAnRonAMAN vy

Forward Selection: 6 Attribute, 2 Class with Vote majority

Method Precision Recall Accuracy F-Measure
Voting Ensemble 99.24 90.21 94.77 94.49
Gradient Boosted 98.81 89.93 94.43 94.14
Decision Tree 99.26 90.09 94.71 94.39
Random Forest 99.23 89.51 94.43 94.09
Naive Bayes 97.35 87 92.34 91.84
SVM 98.87 72.31 85.78 83.49
K-Nearest Neighbor 94.11 85.73 90.17 89.68

NP7 3 WaRTNNAIANLgNABYIsTInAudndulatien Accuracy

94.77%, Precision 99.24%, Recall 90.21% way F-Measure 94.49% 35LASLA8UT

yansd A1 Accuracy 94.43%, Precision 98.81%, Recall 89.93% F-Measure
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94.14% FsauldisndulaiiAn Accuracy 94.71%, Precision 99.26%, Recall 90.09%,
F-Measure 94.39% 35usunaunaLsasd Jan Accuracy 94.43%, Precision 99.23%,
Recall 89.51%, F-Measure 94.09% 5u18wWLug &A1 Accuracy 92.34%, Precision
97.35%, Recall 87.00%, F-Measure 91.84% 38aalndlAsaiuiigauazisdnmesm
VALRBSUNYIFULIAT Accuracy 90.17%, Precision 94.11%, Recall 85.73%, F-
Measure 89.68% wagilan Accuracy 85.78%, Precision 98.87%, Recall 72.31%
LAy F-Measure 83.49% puddy erSoutiisufunissuundeyadidalaiiden

ad v

uenwENUINIsTIAudndulaliAn Accuracy WNTU 0.55%, Ioaulinndula

o)

ity 0.49%, FnsiReuviyaniddiiutu 0.22%, Busunoueisadifindu 0.35%,
Faulndifsstuiigaiindu 8.36%, Furdrludiiindu 3.43% uagisdnmes

nneurTuanas 0.77% Fenfianasiufinanineaiiisninausly eravieuld
Lifgeuduiusvesdoyaduiininfiuvioanaududouaunisiiedunsslals

(Pasidentdinatuailvinvauiudeya) vilade1AUgnaIvedlilnaanad LanIKa

nyinUsgavsnnvaslinaadagui 3

Forward Selection: 6 Attribute, 2 Class with Vote majority
Accuracy ®F-Measure @ Precision @ Recall

9924 99.26 98,81 9923

100 9477 9443

b0.2

perfarmance 10-Fold Cross Validation

Voting Ensemble Decision Tree Gradient Boosted ~ Random Forest Naive Bayes K-Nearest Support Vector
Neighbor Machine

Methodology

3UN 3 Usgdnsnmvedlunanigiaseanfinduresioyaiiufnionaudnue

o
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A3UNAN13IY

aa

o ¢ ] a{' ° 1% P
UWﬂquuuﬁmﬂﬂﬁgaﬂﬂLW@WWGU‘NW'@U’JSWL‘M@qualli‘Uﬂqi"ﬂqLLuﬂGUE];;ljaLWE]

q

JdsanudsensidulsauLaziUSsueuUsEans nnvestunaudsluns

1 aaqa

Juundeyanisnisdnidienaudnvuziaulddrani Suundeyanisidsiuiu

Y

ad v a

Anaulalaglmndsstaunnansulddadula, Bnsieuiyansd, 3aulidagula,
ax ¢ ad o ¢ ad o I3 ¢ S ax Y o oA
Tusunouvloisas, IFurdviug, FBdnnmeininmeasuusdy, Banulndidusiungs
vas A Y ] v DRI v Yool a o
wagliigidenaudnwaauludrmin adianugneedaelditaseandndu an
Han1ITeaunsaagUnalidetdiunll duusnfen1sAndenauantinmuzause

Bnsdenlutani dA1AugNUeINITTIRUNANANYME 94.91% anfnaNYME

Yaa

nToyaldu 15 Aadnvuzindeiies 6 audnwuy lunisAnidonamudnuugldls

17

sulisindula 3 lwwalunislmaidenauanvas imuizay Javanalunisiden

a

angduliiaaula iesnnteidevesnislmadssinaunnde dvnnluaa 2 lu 3
nuneradnsilupanauinue Aadaufavdmasien1ANgNAeIwaINIsTILUNToYa
waznsidenldfisuunitudazidieduaduussansamlunssuundeyasinlid
AAnLgnieIgetu drufiaesfionisifeyafinunisdnidonaudnuurindiuun
Fetuneudieng q definnsanainAnnugniesissiududndulaiian Accuracy
94.77% FBinTLAeWYANId 1A Accuracy 94.43% Tosulddinaulaien Accuracy

al

94.71% 3usunsuneLsan dA1 Accuracy 94.43% 35u1dWLUY TA1 Accuracy

ad o a0

92.34% "“J%mm‘l,ﬂélﬁmﬁ’uﬁqmLLamﬁssz‘wai‘mmLmaSmeumm Accuracy 90.17%

a1 a [ YY)

wazdlAn Accuracy 85.78% anudiu aziulainissiududndulairinnnugndes

d T U aad aa

innftaadiofieuiudiuneuissu « smsuamamﬁuﬂamsmmmLLuﬂﬂJauaﬁwmﬂwma
indretudndulasenslmadsdhanndasglunsastagmmainanulindes
vosdoya wonanddmuinndenlinudnuusvnzandieBidonaudnuns
whiluthantivilflueaiiussansamlunissuuniduanndstu §idedsldinadns
Aldanissufudnaulalulflunsfnvifienmunszuuitadelsaumuuasdy

wwmslunisaduayunisdndulanisnisunndiliuseavznmannauy
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nsawIkuuIanaIUjitenauauesdmsuivIWnuea
THE DEVELOPMENT OF REACTION TIME TEST FOR FOOTBALL
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nM33delupssliiingussad ieimwkuuianauiisemeuaussiiiiniig

q

wingaudwmsuivauea LasnadeuANdenAdeIBILUUInNaNUASeneuaUs

v
a v =2 % Y '

Pasnsvuiusuuiauasgu nguieginlutdnfnwivne univerdenisiuinie
$1uau 30 AU MageuAuLUUTAnaUfis e vauesastufuLuU TN
ﬁmmﬂaaummé’mwﬁﬂL,Luﬂswdwﬂzjmqa-ﬁﬁw Independent sample t-test
yanuLdesiuveauUnageunaUfATene vauesifideRafenin ey
aupsiinngly (nteral consistency) wazasaadoUAIUTIBIRSUTUNTEURLS
(Criterion related validity) freaufisamsadsanin (Concurrent validity) Nan1s
AnwImuin

1) Anuasiimelureuuunageunafisomouauasiifaunduiai
asfingludauinisnaouseudl 1-4 (15, 13, 11, uar 9 A%y lumsnaaeusoud 1
(Test) fAndudsyaAnsusanivosaseudail 0840, 0.942, 0973, uay 0.985 AUFINY

a0

waglun1snaaaudn (Retest) 3@ 0.931, 0.943, 0.963, kay 0.985 MUAIAU kALY

PNMINAFBUIUTOUN 4 (9 ASI) VBINISNAFBULALNISNAFDUT NuINdAnulnALAea

* JUssaunu: 03338 Beane
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ﬁ’umdamﬁmwummgmmmuaaw (Standardized Alpha) mnﬁqﬂﬁ 0.985:0.989,
0.985:0.986, Way 0.989:0.991 MmNAIAU

2) nauildnzuvugeasinisléinalumsnevaussiothwanedin uazlungy
Aldrzuuuiazinsnevaussiodmnelagldinaias Taefienaunnsiafuegned

aa

drdumneadnd 0.001

o

(1’8

3) Anaundesiuraanisvaaey (Test) kagnsMAROUT) (Retest) YDILUY
maa‘unmﬂﬁﬁ%mmauauaﬁmdwLLUUi’ﬁﬁﬂ’wm%uﬁmmufﬂmmgm HGIPREY
Fuiusiuegnafiludvddyvneadia 0.0001

agUnan1s1ds nuiuuunadeuiivaunduiieliaenadestuivinaven
fmnuasiinigluvesuunaaoy wazanuBesiuseluseduia anunsathludszgnd

l¥fuinvaueala
ArdnAy:  Wauea, AUt neuaues, LUUNAFRY

Abstract

The purposes of this research were to develop reaction time test
which was suitable for football and to test the correlation between the
developed reaction time test (DRT) and the standard reaction time test (SRT).
Thirty male students of the National Sport University, participated in the study,
were asked for testing the developed reaction time test and the standard
test. Discrimination values between high and low group was tested by
independent sample t-test. Reliability of the DRT test was tested by internal
consistency and criterion related validity was tested by concurrent validity.
The results revealed that:

1) The internal consistency of DRT was consistent from the 1" to 4"
(15, 13, 11 and 9 times). Cronbach's alpha coefficient of the test were 0.840,
0.942, 0.973, and 0.985 respectively and that of the retest were 0.931, 0.943,

0.963, and 0.985. In the g" test of the test and retest, it revealed that there
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were 0.985:0.989, 0.985:0.986, and 0.989:0.991 respectively which closed to the
standardized Alpha.

2) The reaction times of high score group was less than those of the
low score group with significant differences at 0.001.

3) The reliability of test-retest of the DRT and SRT correlated with
significant level at 0.0001.

In conclusion, there was internal consistency for the DRT and the

reliability at a good level. The DRT could be applied for the football.
Keywords: Football, Response time, Test

uni

Anlnueaidunidufmainaifanuidouegiaunsnangluilan §3uem
Wudwaunn Tiesdunssusiluauuudadu viesuruesulatiiumdlvsiia
visolnsdwyi lulandeguiifiumesidnlunsidrdsteyaldieuazsing sauluds
mnﬁuﬁ’uﬁﬂmwmqmizﬁﬁlﬁmﬁfﬂuLLszJaﬁiTuvgmaaﬁﬂaﬂ fimsiiusiusudeyaada
f199 AAedulufsauen Bwhligauialanaulauasdidiusuminiu uonain
putuifiailduannmsvmnunisutsty fnsaveatudaduiifeulunsldoon
fdanme wediannuaynaunuagimie Snadsldsuusslomiluinungunin
sumeluanysalufuss suidosnanfwauoadesedonsiiu nsis wagnis
nselan 1udu eflazindeuiluiugnimueauazdeielUlfifieusiudiy dnns
indeulmstsnieluguuuusing q sgnaeaadeliiowtaus 10-45 wiiiduly defn
wnvoadesendevinuziiugtumsfwnlmuoaldin MsTuuazdagninuea (Receiving
& Passing), miLgmqm\j@maa (Dribbling), MsAILANgNNAUBA (Controlling), N384

aniauea (Shooting) NMslnslsgnumuea (Heading), uazn155nw1Uses (Goalkeeping)
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Vinwgn1ssukazdsgninuealdurinveiugruignlduseian wsiznisds

anlnveatugeniinusImsINIINIsdegnnueal Ut nmas Wuind (2553)
1 1 . 1J3 3 o o !

nNa1731 N13ATEUATEIUEA (Ball possession) uasAusenaudAglunsiaunmnuea

wiszdiefnsounsotueald wunefududiesngeniilonaiiuszy nisinuszgld

'
o w A 1 =2

donillonadudiovug Tasdsddiivsuanisnisaseuasesuealufinueadie
uIunsTunazdagninuea inlagduisuvimsinluinuensSunagdagnunuea
Juvinweusn 9 ﬁm%’uﬁugmmnéuﬁmﬂmuaa Uszlem gniadi (2527) nd11dn
tinfauoadoshnistindeuinuraudiungasdunsiiuUssBvBamuasdaalyi
tnfnuoauansdnenimesnuldinniy Sdunsiindnuswsaueatindwios
mﬁaammmwmamEJammm‘wmqmﬂﬁﬁm%mfﬁ’uqmmw (Health-related
Physical fitness) wazaussaninnisneiieadesiuiines (Skillrelated Physical
fitness) 717 inszAwnuealufiniidesendonisedeulmsenielunmadusaly
fslusziunmsudei Foserdendunileans (Skeletal muscle) wagldndaau (Energy)
Tugreme dnfusinueaieazdesiiaussaninmieneiudause ievinliiadeulm
F1neliegaliuszdnsnmuartisanaIn1suInluIINMSEURNIAUeA kazan
$uA38849 Hicheur et al. (2017) nsAnwAgafuinueMs3ulardanuea
WU aussnneNIElENIzTinveaTUfATemeUaLed (Response time) tudwa
Aapuglun1sTukazdmnuea

U L4

1938y ATEUIUTAU (2538) NE1291 NISHNNITYINIUVDIALDY TaBN159ANTS
wdoulmedaiitunouiadoulmaniisluenuasiauinnadeulmandlug)
vilmAnnsi3eudinainuarsgunuuiieliiAnanuduiusmaiusinuznalnns
indeulsns1sne (Psychomotor Skil) Fuudmilslumsivivesaussiiazifeitos
funafitenouaussiaziianmsiadeulin ueNNTULASY nszuluimi (2538)
na3bi nanufiseneuaues (Reaction Time) ¥30328ELIAIVRINTALYIBUNGY
(Reflex Time) mnefisszazianfiszuuyszamivinansziuandasn aufanszua

v o a

Usvamdnuluieeissiimiiiesdunalnnisweiouln aenrdesiu algial

Y Y

Talsauntiud uay vyt TURAS (2559) Na1331 LanUfisenevaussiume N1

syuvUsramsussedninntussuulszamlwinnisasnuluSetuizivenauausd

Y
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Aodustu nmyinUjisemevauestuisiaiuisaineenudunaiiuiueulalag
Y A A o a o & v a ~ %
misldiasesiedunaviindne q neglinsnaseudugnaSunasgaiat vsensld
4 a4 Ay X o
\w3eailefasnsuduannsgiu
Aidedadianuaulalumsnazaiawuunegeuildlunmegeunaiujisen
= Y a o o o 1 o  w o o
novausavendssiunisnfsulmvesavinludsiuwniadming dusuldluinim
Wovea wWenazlihlUldlunsmeaeulunsusedlivdssdnsainuasnsiauntnim
Wavea nieumadudunmsiuuisnisneaeunaiujiseinevausuiioimuiiuuin
a ) a = a & a a
nsamun1aineeinnueawaridunisiiiuniadenlunisusziduaussaning

[ YY)

Aendeaturinurludememaufiisemeuauedlinniu
IMnUsrasAveInITIdy

1. ioauuuuianaUjizomevaussifinnamnzandniuivirauea
2. \ilevaanumuAonAdasrasuuUTanaUiiTemevaues WanTuiy

WUUIRNINTEIY

A5N15AIUN15998
o X &

naudeg1alun1siTeasal 1 udnAnwivesuninenden1siniwiaii
WMYNYAYAYT LAYy I1UIU 30 AU ARLFRNNEUAI0E19A8ITN1IN1TdNLUUIY
(Simple random sampling) TnemuasziumAmuAaIAREUYINAL.05 §1W1an13
yAABUWINFU.B0 uazArLABMEWAWTY 0.5 MuAteiiunsiusesniessiums
Welunywdnnanenssun1siiasusesssunsIdeluuyed uning1deysnn
(59elA59M15 G-HS 119/2563)

wnagin1saadn Luddadnfne wagne 1IN 1den1sANILIYIA
H1unsSeuIBivIausanazeeniaenies e ausaldulszd lddseda
maduthemsssuulszamuagndiennislusseznarieunismageu 6 ou
wazlufigmvmienislagu

nasinsdneen Wanmsuaduiussrinamaagey vilslalannsaduiunig

neaausall I llUsEaIRtnsIuNISNAdeULLES AU

=
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gunsainldlumside Useneusie gnnuea nTieddy 4 §u uasyavadey
Ujiemeudaues 2

Ya v o

fumeunsite fAfermatuiindeyavesfidriimauids dadmin ¥a
daugs FnauuseiRavnin wavnauluuasunNUsEuANNTaNABUaBNMAINTY
(PAR-Q) YN 1snagauAINatinvesw) fensnageunzinuaaididivung (Kick
ball test) (van Melick et al,, 2017) wagnaaaULIAIU AT INBUAUDITENINEEN
f'fmﬁwéhaLL‘UU‘?@L’Jmﬂﬁﬁ%mmauaumﬁa%ﬁﬁu AukuUInuInTgIu

1. msnagaunzHavaaidnlmung

FAdeingienn 2 su Neieiu 2 wesidudmnglunmsveaey wagld
pdummsinanAsnasvestvneiduszezsing 4 wes thnseannedn 2 suiduge
nagou fithiummefigamaaeuneugniavea 1 lu wisumousedynunwia

Wevhnsvagey Wislasudyarauniagidiiunimegeusesinnisweaniauea

Y 9

VYA U v

T lugadmine waglifidedunavidnldnzaninven fsgui 1

A 21A7
A

410A7

.

UM 1 FBmsvegeuanuatlinveskuungauaaidming

v

aaa

2. MInagauaIUfisenauauassendtudesiuinnlguuudatg
UN3e1nauduaIuInTgIu

va o

fAdetmuasiuiimsturesdidnfunmedevuuiiufiornungamnaey
wazAruamwsludndyyin lnemnualidudndyyinufeingainyanegsy
0.25 waslagUszua Judndyeyiuaziiod 3 9n9 azd (dun, A, #1702)
Tnefdumishunssii futhe wazdurn fegdssing 45 ssmanganaaey
Tnerfiduesursuazlifiiriunsmaasulimnasaiioasrsnnuduinefuuuunaaey

INUUIWSUNITNAFDU
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129

2.1 gihfumveseutuegluvinwmisunienluaanaaey

2.2 Welasudyauenduniavasdming Wigdhsunisveaeusudn

LY =

wihldusegnidudndyananienganal waznduunegluvinnisuneusedyayiandes

SGER!
2.3 MIMUULANAUATU 15 AT WSautuiinnatluwmiayassnmeday

2.4 dhnanduiinlaviavan 15 ASY ARGDNIAINATIEN 3 ATI kaLLIA

' '
Y a

gn 3 ASsauImIALREY
3. nManadauANUiseInaUEURITERIINAUANG KU IALIAIURATEN

AAUEAUDINNRIUITY

Ve

Aadulatauduniavesdudndyiuainuuuinuinsgiunnuua vl

AU

3 fuvits IngenAganiunisalaseweanssu-dugniaues Myuadiurdanseuves

Yy v
Y Y

FLUNSUNSNAABUULNUNIAY 4 siuvis eivuaganaaey lagiuasiiuiialy
Andeyeynad 1an A agnsenudieie 90 B aginuni 9a C agneiurinile uag

[
o '

90 D 9gaunaAt 119 4 903eAt0geanIanagey 0.25 wns lneridasurewazlv

WhSummeaeuldneaediioas NANUAURAETULUUNAZOY INTUIATUNTNAGEY

EDIL Y

3.1 giinfunsnegevdusgluvinsieunenluganaaey

3.2 delasudyandssvenduwnisvaddming ivaaeuiuiniousa

v o

dwinlunsnludndygraionganal wasnduinegluvinesounseusedaayiu

\EHe99NAT
3.3 MG MUUHNIUATU 15 A9 wiauTuiinnalulfazasiinagau

3.4 daniduiinleviavan 15 ASY ARGONLIAITIATIAR 3 ATI WaTLIA

v o ° '

1ian 3 aTaanihumnALade

| [

a ¢ o av & Ay aa ' &
ﬂ'ﬁ’,]Lﬂﬁ?%ﬁ%@%ﬁlﬂﬂ’ﬁ’iﬁ]Uﬂiﬂus[,sliﬂ']ﬁﬂﬁm’]\‘1 9 flamelUil

1) Anadanugiu liun Aade wavdrwdewuuuinggiu (S.D.) 10397y

<3
1% ¥

Wwtin diues uavdeyaiugiu

43

- e

o

2) NAADUMAISIUIATINUNTENINNGUGI-A1 AT8 Independent sample

a U o

t-test WagmAUTauYBILUUNAdR AU nauaANR i demun 1aenis
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nsavaeuAuAsiinnely (Intemal consistency) waanisnaday 15 ada lngldgns
HuUseansuoarnvesnsouta (Cronbach's alpha coefficient) (Cronbach, 1951)

3) P3I9ERUANUT IR UTRNATFURUS (Criterion related validity) #e
AMUTIBIRATIEn N (Concurrent validity) Taensyeauduiussewingdsnig
asounaUiiSemeuALesifaLTy MUiEnmeseunaUfiSemeuaussssing
WinAUAIAIgLUUIRNIASEIU A835N15VRY Pearson’s correlation coefficient (r,,)

Lae Dependent sample t-test

HaN1538UazAUTIIHA
HAN1TITY L3anIsiaLIwuUinnaIU)isenevaussdmiuininnvea

wanadayAinYEN1IINeANUBIIYBINgUAIRE1slunN T 1

A139% 1 ANEaENaNIEn LU UYRINAUAIDEN4

NHUAIDEN9 21 wwitin dugs BMI
(n=30) @ GIEHED) (lwuRns) (nn./a%)
ANaAE+SD 19.03+0.61 68.78+13.08  172.63+7.25 23.25+0.26

WARITRLANAABUAEIUIITHUNKALATIVADUAIT BN TUTUNUNFUTUS

[
v A E/QUVLQJO

Feflannmsnadi 1 A9 F7A1IASI9E0UANAITIAEIUTBINITNAFOUTBILUY
nedeunaURRssneuauesitaTuTesdestuninedeulmusavinlugsiumis
Wrvnneg Tungudiegnediuiu 30 Au nsveaauAuas 15 adilu 1 seunsvndey
warynsnadausn (Test-retest) luszozinaniia 1 Ui Taanisinsizviaany
mﬁma‘twaqLl:uwlmaauﬁ”a8§m3ﬂw3mﬂ"]é’mﬂizﬁm%‘uaammmmauﬂﬂ aguladn
mmmmﬁmﬂmaqu:uw]maaummﬂﬁﬁ%mmauauawmL?ﬂmﬁ’umimﬁauimmm
WinldFsmumdadmune Aivaunty fanunsingludaud 15, 13, 11, way 9 ade
Tnglunismegou (Test) fiArdudszaviuoanivesnsoudadl 0.840, 0.942, 0.973,
way 0.985 Mudu uazlun1snagoudn (Retest) A1 0.931, 0.943, 0.963, uas
0.985 pugsy SniadlemAnnasvesLUUNAdRUT 15 A%t YeInsMadEURSaTl 1

LAZANINAERUT WU fiAnAnuAainielud 0.917, 0.965, 0.980, Laz 0.989 #14
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1y 9nnameaevluadsil 4 Geadaedl 12 (9 afe) veentImagey nImaaeUE
uazAneds nuhilmalndidssuadudouuunnsgiuvesuean (Standardized
Alpha) 3nnfigail 0.985:0.989, 0.985:0.986, WAz 0.989:0.991 MU
nnmsfnwmuainmelureuuadeunaU Az ne UausIua L des
fumsiedeulvvesvhludshumiatmneinavesnanfidomevauss wudien
duuszAnsusaniveanseuda (Cronbach’s Alpha) ﬁmqqqmﬁ 9 afs (@1nwanTs

neaaulunsan 4 89asan 12) Taeiian 0.989 wandlilAuILUUNAZoUNEI8YIIN1S

Y

afaduiaanuasiineluiideudisgs ileanandsnislunsiuinnavean
UffSemevaussawuuiififoainiunudetuuazgnies mmedissldiaun
Ing8nitnsvesuuunageunaujifewmevausssznitaiiuaideiaiesia
smsgrulunsdiuanng §iihiunmsmaaouasfesinnimaaeusiomn 15 aftlu
1 59U wazfidoazimaiilduiFesdrifuaninnlumidos vhnsdanariiuindian

Larloufianoonad1eay 3 ATY AALADNLEILIATMUYIINANUIVIVUA 9 ATIUIN

[V
v a

ALY (ASIN 4 D9ASIN 12)

A1519% 2 N1IRTIRdUANAIAETY (Internal consistency) YBIN1SNAGDUVDY
wuuvageuna1UjiseneuauesinauTuredssiunisnioulnives
wirlugadmundadinunelagldgnsdudsvdnsueanivesaseudn

(Cronbach's alpha coefficient)

v MD1 MD2 MMD
A

§ cTc cTc CITC CTc CcTc CcTc CcTc CITC CITC CITC cTc CcTc

(15) (13) (11) ) (15) (13) (11) ) (15) (13) (11) )

1 0.197 1.561 1.700

2 0.564 1.433 1.289 1.289 1.361 1.361

3 1.199 1.199 1.199 1.162 1.162 1.162 1.180 1.180 1.180

4 1.092 1.092 1.092 1.092 1.047 1.047 1.047 1.047 1.070 1.070 1.070 1.070
5 1.017 1.017 1.017 1.017 0.996 0.996 0.996 0.996 1.007 1.007 1.007 1.007
6 0.968 0.968 0.968 0.968 0.967 0.967 0.967 0.967 0.968 0.968 0.968 0.968
7 0.930 0.930 0.930 0.930 0.918 0.918 0.918 0.918 0.924 0.924 0.924 0.924
8 0.904 0.904 0.904 0.904 0.879 0.879 0.879 0.879 0.892 0.892 0.892 0.892
9 0.876 0.876 0.876 0.876 0.850 0.850 0.850 0.850 0.864 0.864 0.864 0.864
10 0.852 0.852 0.852 0.852 0.825 0.825 0.825 0.825 0.839 0.839 0.839 0.839

o o
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M99 2 MIRTIEUANUALTNETY (Internal consistency) ¥BINTNARBUVDY
wuunagauIaU e nevauesINRIuTuYeRdssiunsinaaulnves
winlugasundadinunelaeldgasduusednsueanivesnsoudn

(Cronbach's alpha coefficient) (sig)

MD1 MD2 MMD
e aTc arrc arc aTc aTc aTc aTc aTc aTc aTc aTc aTc
(15) (13) an © (15) (13) an © (15) (13) an ©)
11 0820 0820 0820 0820 0.799 0.799 0799 0799 0810 0810 0810 0810
12 0.791 0791 0791 0791 0772 0.772 0772 0772 0.782 0.782 0782 0782
13 0.758 0.758 0.758 0.734 0.734 0734 0.746 0.746 0.746
14 0721 0721 0.696 0.696 0.708 0.708
15 0.634 0632 0634
Alpha 0.840 0942 0973 0985 0931 0.943 0963 0985 0917 0965 0980 0989
Std.
0.969 0978 0985 0989 0977 0979 0982 0986 0978 0984 0988 0991

Alpha

aaa =

W8 MD: LuunedeuliaiUfiseinevaussveudsaiunisindoulmvesinlugwinuniadvne;
MMD: AdeuasuuunadaunaIujisenevausswesdssiunisndeulmvesavinludshumiatmneg;

CITC: Corrected items-total correlation; Alpha: Cronbach's alpha; Std. Alpha: Standardized Alpha

9119197 2 wansliifuAduusaniueanivesasoutavesuuunagoy
naUfAzemevaussedeeiunisiadeulmvssinludiumiaiiviesiag
asfineludaust 15, 13, 11, uar 9 ATS 989NTNAADY MINAFBUTT WawALLAETDS
nIMRABYy uarmInadeus axdunalddndeviimasananfiiniianuas tesfian
oon awhliliandusyAnsuoahuesaseudaiimtunudiiy ieiliesnanlums
nagounaUfATemeuausdumInsEdulari IR UaLe oA u YT Y
oy Annnisnandiitenfunaedoulmiisuiu TnsnaUiAzenasdulugis
Y99AITWDITEUUUTEAMAINT Buanmsiuinisnseduvesdni1 Ussanana
Lardansiflonsuaussiedni lnsmsdainislissneyinsiedeulmifiensuaues
sodasudunanadeuln uilneundnouiistsnedsnislunisiuiuasmevausiniy
U5 wywdidenlddyvingralunisaianidiundielunisdndulalunis
navaued Juihliuuuneaaeulisenineuianain degrudu dunignienday

lina1dinInung vseaiianazyinlrssuuUszamasdinisiiiolldsunenislu
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nwndeulmvinlidesldinainevaussnnnitund Wiy nmaidvaunsindeln
iwmaﬁiﬁLLﬁuﬁﬂé’uﬁaﬂuﬁmé’mmmwmmL‘f]mma Sludrnuiinesosdiolutng
dsftavdsnareszornannnuiotesléviedu fitedddudnnsmunnaiiuves
Fansmaaeuna1Ujitenevausiszninadssiurifoieiesiaunsgiu uazain
NaMTATziAdulsrAviuearvesaseudadiandifiuindindsvosnisaasy
wazmsnadevsdaulndifeaiuidiudonuunasguvesiaulngifestue
ﬁl’mLﬁ&JQLUUN’]@iE’m%aQLLE}aWW (Standardized Alpha) mmﬁqﬂﬁ 0.989: 0.991

Y & 1 a1 A o dl A v
LLa@ﬂlﬂLﬂu’ﬂﬂﬁﬁlﬂ’nNLGU'E‘]MUEU@QFW’]NQQWJT]EJFLNV]F]@‘UGU’NQQN']ﬂ

2.0000
— 701 1.0285 0.9827 0.9807
21,0000 0.7913 0.7788 0.7876
£
0.0000
MD1 MD2 MMD
O Hish W Low

sUN 2 1WSguiigugunaduunvesiuunadeuanUiiseneuaueedeiu
maedeulmvesvinludsiumiadmnglunmsduunaussonn

e o v v 8
SUaﬂﬂq&l@n@EJ’]\??%W]”Nﬂ@iJV]ﬂ%LLUUEﬂQLLa%ﬂ@Miﬂﬁ%LLuu@n

nuewg MD: wuunageuna1ufiseinevauewendesiuninafoulmveariludaiundatneg;

MMD: Aladeresuuvageuniaiuiisensuausweddesiunisnioulmvesriigsiumiaimne

High: neufldnzuuugs Low: nquitlinzuuuen

31n3U7 2 FIdelavinnisieunguitlanzuuuaaznguilinswuue

lnsnquiliasuuugeaziinisldatlunisnevauesdad munedidn waglunguinla

Ya o

Azwuumziinisnevavewiaidwinglagldinangs fidulainnisiuSeuiisuns

Y

nagounaIufisenevauesvendssiunisadeulmvesynludiuniadnung
TunsMAEeY NMSVARUYT UWarANARETENINNTNAABUTOUN 1 kAEN1SVAADUT

nudauuanaiusEnInguilanz buugaznguilaAsLULAIALNUO NN

°o A

TnefinunnsniuegsiliiedAgnadan .001

o o
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wuunageuialufiseinevauesvendssiunisindoulmvsainluds
s mineiinaveaIUfizeInauaueIINNITNAZaULULIAYT (Test-retest)
7 0.9167 way 0.8947 FUNY SULIINIDINVANNITVDINITNARDULUUIAGN FLAD

MN1Inageunseinmlg I5n1suaziaTeliayaiediu aunguiediu luaiy

~ (%

uangeiy Taesnsvhmsnaaeuiuuiaslusuunaaeuiigifeasnedu 1dlvingu

AR 1NETNANUAULALUKUUNAFRUNBUNILIUNFUNTVAABY TngTeeslialsening

d' s o o ¢ ' o ¢
NSNAFDUIDUN 1 LaZNITNAFDUYT UTL8LLIAIM9NU 1 dUAn IG]EJI‘L!"U’N 1 dUuan

Ya v

R
Y

o

1ilsmsitnuesnduiefielslidsmamaneruiiosdausulufmadous
waziuTinee Wi funmeaeuiansiannluSewewinuslutdesiian Liels
wadildannaaeulndidssnuiduaianniign uazannanmaaoumandosiy
YosuUUNAdeULAU AT e vauswoudsafunniadeulmusarinluSadiumie

N 4 o oA = v o sw A v o w aad
Lﬂ'ﬂﬂlﬂﬂ UATAIULYDUUN 0.763 Nﬂ?qﬂiaNWUSﬂu@EJ']QQJIUUEJa']ﬂQJ]V]”IQaﬂG\V]

[

0.0001 51’3sﬁ%mimmé’ms‘v%w%amuwuﬁlmuLﬁai‘é’u FaanslmAuIbuUNAaaU

v (9

rﬁ 8aiwﬁuuummmmauuasﬂus FUNF INsIzAANUY TN lnaInNNSAWILA

adiasanwiiu 1 Tnedlermiilaialng 1 wansinesesdieviedanisianudesiu

Y 9

AUNNN (e Asntiusi, 2551)

1.50
0.9167 0.8947
= 1.00 P ~
(0]
'g 0.50
0.00
Test MD Retest

JUN 3 AAnuweiuveswuUnaas AU Asemevausedssiunsiafoulm

vounludsiumiadmng Gudl) mea1aiad Dependent sample t-test

N8R MD: LuunedeuliaIufiseinevaussvendeaiunisindoulmvesvinlugwinuniadvane;

aaa

Test: ﬂ’]ﬂ’.]’]llL‘UE]iJ‘LJGZJENﬂ’]ﬁV]'ILLUUMﬂﬁEJ‘UL’Jﬁ’]‘d.ﬁﬂﬁﬂ’]mEJ‘Uﬁ‘LJENGUENLﬂENﬂUﬂWiLﬂa@uiM’J‘l]@ﬁLﬁﬁlﬂgﬂ

WWLLMUQL{]’]%M’WEJ; Retest: ﬂ']ﬂ’)’mL‘UE]&JU?JBQW]?VI’]LLUUVI@?I@UL’]a’]‘dQﬂSEJ’W]BUﬁLIS\TGUBQLaENﬂUﬂ’]i

wnaaulmvawnlugsiutatman e
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91nUT 3 aqﬂlﬁ’jwqumﬂaa‘unmﬂﬁﬁ%mmauaumﬁﬂ’@umgﬁwauﬁm
funsiadeulmvearinldsiuntadiving Jawaveiarujizeineuausdain
MIMAaEULUUIATN (Test-retest) 71 0.9167 wag 0.8947 Fundt {SD (test)=0.1240,
SD (retest)=0.1206, MD=0.0220, SE=0.0154, t-value=1.4310, p-value=0.1630}
uazAAudeiuresnInaaey (Test) uazn1snAaeudn (Retest) 71 0.763 A

dunusiusgeiilutdudAgyyneadiail 0.0001 A2838115989 Pearson’s correlation

coefficient (r)

A19199 3 MANANUTIBIRTLTUNUNEUNUS (Criterion related validity) AagAw
Weamsadiean1n (Concurrent validity) seninaisnisnaaaunaiufiigen

POUAUDINNAIUNT UYL T UNTRARU VRN LU wu st e

fUBNMmMege AU RTE M UAUBISENINANAUAIMIELUUTANRASEY

MD STD MD1 MD2 MMD
STD 1.000

MD1 0.649 1.000

MD2 0.709 0.763 1.000

MMD 0.723 0.941 0.937 1.000

aaa

WA MD: WuunedeuiaIufiseinevausswesdeaiunisindoulmvesvinludwinumiadmung;
MMD: fndevesuuunageunaUiisenevaueeudesiunisindeulmvsarludaiumiaie;

STD: wuuNAaUNIANUSASE1BUAUDITENIIUWNAUAIMIBLUUIANINTTIU

1NANTNA 3 WU LUUNAADULIAIUSATE R DUANRITHRILITUVB LAY
9 41' o v o 1 =~ = a o o sw
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Faviiseau wansuseliulsEavianvesseuulaedi@eing lunmswegluseau
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AIANARY:  STUUATAUWANENITUSMISIANSNUTUARTNUS, SEUVUTITIANIS

JuRaINUS

Abstract

The objectives of this research were 1) develop the management
information system for my thesis; 2) evaluate the effectiveness of the
management information system for my thesis; and 3) study user satisfaction
with the management information system for my thesis. The functionality of
the system is a web application and was developed using PHP and the MySQL
database management system. The samples were divided into 2 groups, namely,
three experts in graduate thesis and information systems development and 62
system users. The instruments in this research were 1) an information system
for thesis management; 2) a system efficiency assessment form; and 3) a user
satisfaction questionnaire. The statistic used in the research were mean and
standard deviation. It was found that the developed information system for
the management of thesis divided the work rights of users into three groups,
namely, administrators, teachers, and students, with seven sub-systems which
consisted of user information management, basic data management, thesis
information management, data management for thesis examinations, data
management of thesis documents searching and tracking, and thesis preparation.
The result of system performance evaluation by experts were at the highest
level (X = 4.68, S.D. = 0.49). The result of the users’ satisfaction was at a high

level (X = 4.27, S.D. = 0.62).

Keywords: the management information system for thesis, thesis management

system
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WRAUYINUU A (p,x,y,2) € {(3,1,0,2), (3,3,2,14)}
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Abstract

This paper, reports the non-negative integer solutions (x,y,z) of the
Diophantine equation p* + (p + 10)? = z2, when p and p + 10 are primes. It
proved that if x is an even integer, then this equation has no non-negative
integer solution. If y is an even integer, then this equation has only two non-

negative integer solutions which are (p, x,y, z) € {(3,1,0,2),(3,3,2,14)}.

Keywords: Diophantine equation, integer solution
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1NAUNT (2) kag p + 10 Wudwuane dai agdisuwduildiduau w Avils

z—p"=(p+10)* (3)
z+p"=(p+10)" (4)

NaNNTs (3) way (@) azlein y = 2u Uag
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2p™ = (p + 10)*[(p + 10)¥~2* — 1] (5)

1na1n15 (5) 81 u > 0 321A31 (p + 10)|2p™ WAL p, p + 10 L WU UWIUENE

Fath p + 10 = 2 vde p + 10 = p Fadululildeansnsdl wszaviiu u = 0 9le
2p" = (p+10)Y —1 (6)

PnEuns (6) ey > 1, n > 1 uay
20" =+ D[P +10)Y 1+ (p+10)Y"2 + - + 1] (7

AnFUNIS (7) A3 p|(p + 9) WS1ERYIU p|9 LALAN p WUTIWIURNE AatTu
a I3 o < ' v ' a g
p =3 MNQuIUN 1 wag x Luwuaug azladn aunis (1) ldinawasinduy

° & av 1o
QWUUULW&JWI&JLU‘H@U

2. Wy \udnwdng fstiu sefidunusuiiliduay m il y = 2m

nauns (1) agldn
p*=22—(p+10)" =(z—-(p+100™)(z + (p + 10)™) (8)
NEUNT (8) way p WWudwuaniy dei agisuudunldiduau v Aviale

z—(p+10)™ =p¥ 9)
z+ (p+10)" = p*? (10)

NAUNIT (9) wag (10) e x > 2v way
2(p +10)™ = p’[p*~* — 1] (11)

RnEuMs (11) 61 v > 0 9lidn pl2(p + 10)™ wagan p, p + 10 Wudwwane

faty p = 2 w50 p = p + 10 Badululaildvisaesnsdl wszasiiu v = 0 aglan
20 +10)™ =p* -1 (12)

nauMs (12) 9glan x > 1 way
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20+10)m=(p—-D@P* 1 +p* 2+ +1) (13)

81 p > 3 waranauns (12) aglain m > 1 wsigaztuainaunis (13) uag p + 10
Wudwwaniz 96 (p + 10)|(p — 1) Faduldlaled delu p = 3 91nnguijun 1
& o @ P = g o @ a1 =
way y \ludnnuiang agldnnaunts (1) dnaeasiiduduauiliduauiiesass

NaLRALWINLY Ao (p,x,y,2) € {(3,1,0,2), (3,3,2,14)}

v I3 ° 3 ° N LN
ununsn 3 19 p, p + 10 LU wUERNIY LAy x, v,z Wudiwiuiudliiduau
2gled1 81 p = 2(mod 3) wd? auns (1) ldfinaasmiuduiudud
laBuau

a [

wgan

auufdn x 1 usuuiuA ware1n p = 2(mod 3) 98841 p* = 2(mod 3)
LAY p+ 10 = 0(mod 3) 3991 1H (p + 10)? = 0(mod 3) et p* + (p +10)Y =
2(mod 3) war1NaNN1S (1) 9841 22 = 2(mod 3) Fadululyly Woswn 22 =
39 1(mod 3) Fatiu x Wudwauding mnvquiun 2 9elddn aunis (1) ldfina

a @ o 2 a1 &
wasdudnuwuduilididuay

wewg  91nununsn 3 agladn aunisialounulni 417 + 517 = 22 uag

47% 4+ 57¥ = 22 lifinawasmduduwduiliduay

ununsn 4 19 4 WWudruuduuin uag x,y, w iduiuuduildduau aglan

81 p, p + 10 Wuswauane uag p = 2(mod 3) udaunishalownlulng

p* + (p +10)Y = w24 (14)
lifinamasAdusuuduiliduau
a 4
ey
Y
auuAandduruduiliiduau a b, c A p® + (@ + 10)° = 24 FatTu
(x,y,2) = (a b, c?) Junaasiuduiudunliiduavvesauns (1) Tadnudaiu

UNWNIN 3 szaztu aunis (14) WdnamasMmdudruuduanluduau
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ununsn 5 197 p 1udwimanie wae xy, z iuswiuduildiduau agladn

81 p = 1(mod 5) 1a2 aun1s (1) ldfinawasiduduwdunldduay

a 4

WeIU

v

{99970 p = 1(mod 5) F8Y p + 10 = 1(mod 5) ax1631 p*

1(mod 5)
waz (p 4+ 10)? = 1(mod 5) WS12RLUY p* + (p + 10)Y = 2(mod 5) LAZINAUNIT

(1) 91891 22 = 2(mod 5) Fadululald 1oean 22 = 0,1 W3e 4(mod 5) Tufe

aunns (1) luiinawasimdusruwaunldduau

v 1 I~ =l [~ o @V v
WEWR  9nUMunsn 5 dunmdn p + 10 ssduveliidudwauenzAld @unis (1)
fapalufinataasMdusrurudunlduau segraey 11% + 217 = 22

waz 17% + 277 = 22 Wusu

#3UNaN33Y

%
v

Tusdsedlsdnwnamasiduduuduiliduavvesaunisialownulng

p* + (p +10)? = z% \dla p uae p + 10 WJudwuaniz wud 1) 61 x WWuduau
g 1 v ) ] P a & o @ av g 9 < o &

Wnauds aunsnanadlifinaasidududunliduau 2) &1 y Wudaubue
wad @unissananiinaasiiusiuuduiliiluauiesasanaaasinty fe
(. x,y,2) € {(3,1,0,2),(3,3,2,14)} 3) 01 p = 2(mod 3) La3 FUATAINANILALENNTT
Talownulnid p* + (p + 10)¥ = w2e LaifinapasAdudruruduilidiluau e d
Juduuduuin wag 4) 61 p = 1(mod 5) wd? aunisasnadlifinawas Adudiuu

wualaiduau

anuUTuNa
v aw & oy 9 & S & o 2 av 1 &
nalnasaunuluauIded dilileinamasyivuaniludiviusunliiduau
yasaunsialawnulng p* + (@ + 10)Y = 22 1ile p wag p + 10 LJuswIuany
WEANSEN x way y Wuduwdud dely fsdadudeniaulalunismeaiaas
dwfunsdidanany wenanil Sasdlaunislaleunulminieglusyu p* + @ + h)? = 22

o p uae p + h Wuswauang leen hluswauduildduau f8skinsunaiaas
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Folad aio 1Wulumuuvudiassisuday Jedidneainlunisgaduidu 2039 un.
wosludensioniudlelad uazdl 17.48 un Inunadensionsudloladiidadgau %solid
71 0.5% sEAufiten warszoznalifinadenisgedu urrnududuEuduiinasiely
nsgaduussnn JULUUNIRRduLssnuesdlelad die ffuneunisgadu 2 seu
iioliilszansnmlunisgadugegn lnesoud 1 anududusudud 0.02 Tuans
Téishgadudl %solid 0.5% s0UT 2 71 %solid 0.25% Tuansazareiin azlffesay
nmsgadunenluilen waslnuna@eoudu 71.76 uag 61.11 mud1dv wasiidndiu
nsgaduussinsedlaladilu 26.68 un.wenludeusansudlelad uaz 28.91 un.
Inuwnadeusionsuglalas wagannisvaaeunisazatevedenudn Jedlelad de+
wouluden wag dio+Inunaidon ddasnsazanonsil 0.157 nfuuenludonsiodng
uay 0129 nilmuadoudedns dedmindulsavanstritannsonuaunisUanldes

VOUITI0

mdfny:  Jeazanedn, Blelad die, uenluilley, Inwnaldey, n1sgady
Abstract

The objective of this investigation aims to the preparation of slow-
release fertilizers containing nitrogen and potassium minerals using zeolite
adsorbent for growing maize in slope areas. 3 types of zeolite such as dolomite,
zeolite for shrimp farm, and zeolite 4A were selected. The characteristic
properties of zeolites were studied as pH, conductivity and cation exchange
capacity (CEC), pH for ion exchange, and the ammonium adsorption capacity
of 3 adsorbents, etc. The experiment result was shown that zeolite 4A had
the optimal adsorption capacity. Therefore, the factors affecting the nutrients
adsorption of zeolite 4A were conducted as minerals adsorption behavior,
duration time, initial concentration, adsorption pattern, and fertilizer solubility
test, etc. The research demonstrated that the cation exchange capacity of

zeolite 4A was the highest at 786 cmol/kg. The ammonium and potassium
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adsorption behavior of zeolite 4A were on the Freundlich model that the
adsorption capacity was as 20.39 mg NH,/g zeolite and 17.48 mg K/g zeolite at
0.5% of the solid proportion. Moreover, pH and duration time had not affected
but the initial concentration of both minerals affects the adsorption. The
adsorption pattern of zeolite 4A had 2 cycles for the maximum adsorption
capacity. In cycle 15t, the initial concentration was 0.02 M at 0.5% of solid
proportion and cycle 2™ was at 0.25% of solid proportion in the original solution.
The ammonium and potassium adsorption efficiency was 71.76% and 61.11%
respectively. In addition, the adsorption capacity of both minerals was 26.68
mg NH4/g zeolite and 28.91 mg K/g zeolite. The fertilizer solubility test indicated
that zeolite 4A+NH, and 4A+K fertilizers had a steady solubility rate of 0.157 ¢
NH4/L and 0.129 g K/L. It summarized that zeolite fertilizer was a slow-release

fertilizer controlling both minerals release.
Keywords: slow-release fertilizer, zeolite 4A, ammonium, potassium, adsorption

unin

wialwlagnisdanissineims wielelidudeasaetdmsunisugniialu
fuflanntu uesidudnuummamiddunisdsfunandnnisugnirndesdn s
dHosndmlnadssdnifufiviiannsovgnldlunaeiui Insawglufudiiili
fosuarannsnUgnlslugguds Selinanauunugs (Granados et al, 1994) uanannii
ganudnisugndilnassyilidugyideussineimsiudu dawalviruiaiiugay
auysalanas lnednsinsgaydelulasiau Ussuna 13.1 an/ls Weanedauszanam
7.7 nn/ls wavlwuva@ou 5.4 nn/ls (neuiesd Twemalaey wagaAny, 2551) agiiiu
IFwmniimaidgeduuisiguldlunisugndrinadesdnd deldussglutedn
nsarasasrosifudesly elWiAnnisgrydedeniian amsdsaanafuin

wiobiludu e lilviRuinnsgadsussiauiniiuly
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Joararetildfulutagiu uleediifinisaugunisazats waznns
UanUdesuisgemslresninegsaiiaue wazseilondunaiuu wisliiylady
asened1aiivme wazdeilles lasdwlng Jeazaeifldindudeniifiussg
ogluasindeulndwes vielsdu iomuaumsarats wazmsUanuaes nsldle
avanetidends avansadanainiafudilduiu Tnensladefissndaion uism
o1sazegliuiy 3-6 1oy Fainantenivmlufiazaiids uazanudossin
gmsasluduamiuan flianansogadululdusslovilavu

nsmuleazaretiiinisiidigadusiianneg unld Inganzdlelad
(Usfiu waseas uazAny, 2560) Lesaindigaduissiandleladiianuanunse
Tunisuanaesulessu nsidgadusiadleladduifdoumnlunianunsnssy
desnndesinnelulassairedleladanunsodnifuinldas danumuiudus
fusinesderhnannidegnisieennlassaing uazdiauanmnsolumsuandeu
leeau (Breck, 1974) Fleladfoslfifiousulnunmiu Ao Fleladviinaduen
#lalast (Clinoptilolite) Fadudlolassssuvd awnsndreduueslanieslfguazudes
penundg Feaeliaudalulasiaulilauiy (Witter & Lopez, 1988) uonainiiiinas
iTleladunldluiudimsinuns iiemsimzdgnsayity in wazmaldifuiduduauun
(Toril, 1978) LosnAuauiAnisuaniUdenlessu (Butorac et al, 2002) Fsa13n3n
Hiwann1sgadsnssineimslane lnsanglulnsauwaglnunagen (Polat et al,
2004) MnAaENTETTANLusssoug vhldamsadnuanztimes wazsedu
Wievvosiuld (Milosevic et al., 2009) Tumsiwzdgnladinisindleladluldluns
Ugnuauitia Tnesnsnsléil 2-8 Alansusiosiu (Polat et al, 2004) n3a 4-8 diu
doiowned Tnglduananiindy 13-38% (Torii, 1978) wariinsihdleladvdanauey
Alalas 1ldlumsdgnin lusha 8 w3e 16 Fusiolanuas Fsanunsagedululasiou
1Aleitls 65% (Kavoosi, 2007)

Foladlusssuvd lawn analcime, chabazite, clinoptilolite, heulandite,
natrolite, phillipsite, dolomite Lag stilbite fifnanuanansalunisuanideulose
Uszana 100-300 wwudlua/Alan3y Fleladsssuvdisagnliun Talalud vie

Floladnldlutens WasndimanuansatumsuanUdsuloseulussaunis wedl
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ArAaUT9AN Uz 80-150 wuRlua/Alansy urdlelandaunsness laud A X, Y
uaz 4A fermnuannsalutanasulessugsiis 600-900 wudlua/Alansy Audil
Foladuaney aviinsvzdravesussiglulasiou uaglnunaosdesnin Audlid
Holaduauey (usdnual Tyaan uaz wandn Tusna, 2539) uenanidmuindlelad
pauoAlalad anunsasivlulasaulifiseduasl wagasegldonuiuiu (Barbarick
& Pirela, 1984)

msgaduueslndeilovou nelidlelad aduodlalad fsnsduitlolad
1 nfuanunsagadusenluienld 150 lulaslua/avin@iuns lagldanlunsgadu
2 $lue wudwenluiflenanansavanvaessenunldetnedng uenaniidanuingndl
mandeuRademns iy asaslimsUanudoslddrasnnndstu (Vihok et al, 2020)
woninifmut adlelnduasdassdnludansogadunonludouuazsioaiald
Tnedanuanunsatunisgaduldu 5.12 un/n. uag 199.87 un/n. Mua1du wazdl
dnsnsvandaseuaulitlendu 32.26 un/a-uil uazdnsinisuanuaeevoains
Ju 7.73 un/a-undt (@wus lagns wazame, 2562) maidleladiaiudiae
wesluflonnnldfunsugnanselueinuit annsafiumanananseiusslaunn wasd
HanensasgAule warmsduasyiuasialuedned (Giulia et al., 2020)

a o He [ Y ax + Y a1
muumua%uﬁmiﬁmmu’;mmauﬂaaza’lEJSUW];JLL‘JSMVLuIMiLﬁ]u e

q

v o

Inuwadey lnglddleladluigadu ieliifiesduseneuveussig et luldly

nsUgndnlnadesdnivuiuigs

/AU
1. msfnwpuaudaAssgadu
1.1 anudunsa-tua (Wang & Peng, 2010) auﬁaaziw%lalaﬂuﬁauﬁ
105 aewaldea Wuan 24 42lus F93lelad 1 n3u udhnduusiaannloseu
100 wa. MNTuNENSUIILARET 90 asrwalda uaznuduan 20 undl Al
dlugaumniivies waznsesdleladmesnszaunsesues 42 Snansazaneiilésne
w3eeinnnudiunsa-ra Avnaifisuansgiudsatsazatsuasgiuiidaia
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1.2 anuilil (Wang & Peng, 2010) aué’aasm%hlaﬁuﬁauﬁ 105
ssrwadea Wunan 24 Falus Fedlolad 1 n3u Wudusmannlessu 100 fadans
nu 30 Wit ldndmsthlaideirdosindnshlsihunsg

1.3 ArAuqlunisuaniddeudszquan (Chapman, 1965) sufiogns
Floladit 105 sarwadea Wunan 24 Falus Fedlelad 1 ndu vhlvdleladdus
papasavatsuaulutiouszding (Ajax Finechew pty Ltd./Analytical grade) (NH;OAC)
Aty 1 Twand Aannzdrnnudunsaawifu 7 feliussana 24 $alus
Mntunseardiiodadasaransuenludonerdnn 3-4 A uazdrdlolad
Felosaueanasedauiutudesay 95 Ussanm 34 A% annduliidleladluud
Tuansazanelaionozdinn viselnunadeunaslss aandudu 1 Tuand Tnougiisls
24 $1lus 91nuiunses wazthansazanefilaluiinsizvimnusuauesluioy
lesouiignunuitesnsnandleladlasnisnduaslansm

1.4 mudunsatvasenisuaniUasulosey %3lelad 1 ndu udasly
asazansueuluilonnaslse (Ajax Finechew pty Ltd./Analytical grade) Aasndudu
0.01 Tuans USums 100 ua. ¥in1susuataalunsa-iualutas 7-7.5 euiu
Fregheiilaifinsusumanudunsa-ma

1.5 anuanunsalunisgaduuenluilenvesiigadu 3 ¥ila digadu 3
wilo lau talalud (nsavnanisen) wae @leladuens (nsanmnenisén)ldedieay 25
nFuuazdlelad 4o (1N3AN19N15A) 10 N3 vinseadulagldansazaneueuluien
aaalss 0.01 Twans USums 100 wa. vnswginasnian sewdesniu unan
30 W7

2. nMsAn¥INMIRALUSINEMNS

2.1 MIANYINGANIINNIIAATUSINGIMNT NOANTTUNTYATUTINDIMS

Y838130A4U (adsorption isotherm) Tduuudasan1sgadureiuaailos-nyunay

Feaunisii 1 uay 2
Langmuir Adsorption Isotherm  C/Q, = C/Q, + 1/(K Q,) (1)

Freundlich Adsorption Isotherm  log Qe = log Kf + (1/n) log Ce (2
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Toefl  Ce = Equilibrium conc. (mg/V)
Qe = monolayer adsorption capacity of adsorbent (mg/g)
K_ = Langmuir adsorption constant (L/mg)
K¢ = Freundlich coefficient (L/mg)

1/n = dimensionless constant (HadeAkanauluiduilaifeariu)
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NANISIYWALIDITA

1. msfnwpuandfssgadu

A1519% 1 audRvesiinadu

Talalud Flaladvads Flalad 4o
pH EC  CEC pH EC  CEC pH EC  CEC
9.17 149 97 9.69 142 131 10.23 219 786

wewme:  vile EC (Annsthliiil) fe lulastiuuddelsufiuns

My CEC (AAnuglunmsuaniieudsyquain) fie wuiluaseilaniy

e 1 iulddleladiis 3 vdadeanmdunsa-ag lutas 9.17-
10.23 FeflanuandAmdusing uansitanansasnuanneimesluduldd Wesandiu
fifnAufunsngs (Milosevic et al, 2009) uenainiazifiuin Talalud uas Flolas
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Uszquan (CEC) wuinTlelad die fenunniian sesaundedleladvers waglalalusd
mudu Tagaranugluniswaniudsulssquanidu 786 131 wa 97 wufluasie
Alan3u mudiu madseudisuiuaaiuglunsuaniuasulsyquinuesiiunan
le@leladfrmnuglunsuaniudsulszquaneglusedugs (unnndt 40 wuilua/
Alandy) (nsuWaundiaw, 2553) wansliiiuqn Alelads 3 sinaunsadunldduy
é’a@m%’méﬁmmmﬂé’ (Butorac et al., 2002)

1n51ad 2 wiuledn dlelad ae danwanunsalunisgadunesludon
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£ & da Y A a S & ] sa av v
WINTU MNUTIUNIYATUTUTINaUTLTY Tagnudn naunsiuadvilaveans
anduuenluion Aa y = 4.9435x + 13.583 aNN50AUINANAINITAIUNTRATY

a

worluflousionsudleladls lneisosaz 60 v0IN139AdU (log Ce= x = 0.004) Azl

'
=

nenmlunisaaduiliu 20.39 unwenlufiousensudlolad (101y) FavediAmnseiu
dndnsgaduseansazatsussluifonldlunisgadu Gesolid) 7l 0.5% fauandly
p151971 4 v3e fi¥ouaz 70 v@aN1sRAFu (log Ce= x = 0.003) axiifnonwlunns
anduilu 11.23 un.weuludeusensudlelad (100y) uaglidndiudigadusieans
avanouesluflonilflunisgedu (%solid) 7 1.0% Fauanslumsed 4 Taeilusin
FonldFleladfianunsagadunenlaflonldluta 14-32 fadnduuenluflousionsud
Tolad (Nguyen, 1997) Tuvitusadeaiunun mnaumwaﬂquﬁamﬁiﬁ%mngm%’u
Inuna@gy Ae y = 0.6793x + 2.8715 @1u15aA1UINAINAIU1TALUNTATY
Tnunadension3udleladld Ineifosas 50 (log Ce= x = 0.005) ¥osnIgady il
dnaanlunisgaduidu 20.34 unInunadeusensudlelad (100y) waglddndiu
%solid 71 0.25% suandlupsneil 5 3o N¥evay 60 V83N 39AFY (log Ce= x =
0.008) vzdidinanmlunisgaduilu 17.48 unInunadeusensu@lelad (100y) way

1%
@

ladndlu %solid N1 0.5% sakanalun1s199 5 lun1539edaladany %solid 0.5%

=] <

iielviaenndostunisgadunenluion azuldimgAnssunisgadunenlufon
vielnuvaiouves dlolad aie Tutusunidlulasinisadrssionisgadu Fseyunu
ldmgAnssunisgaduil 3 d1du Ae 1) wenluieuvselnunadeulosouunsain
asazanelgTleladt Wosnanududulueymaiiunnsietu Tnglesouazunsan
aensidanudndugelugaasifaududui 2) weuluionvielnumadeslessy
fufaviouanideuloseuiieguuiuinnesdlolad way 3) woludeuvdolnunadon
losaunsznesnlusgnsululasairwesdlolad egngaduiivlilidamnatiosnm

mm%u (Mihok et al., 2020)
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1.2
y = 4.9435x + 13.583 5 2.5
R? = 0.994
& / 2
0.6 i" 1.5 o
. = y = 0.6793x + 2.8715 %
0.4 £ R2 = 0:9988 1 §
0.2 = 0.5
2 o
27 2.65 2.6 2.55 25 e i S = .. o
log Ce (NH, residual) log Ce (Kresidual
n. nMsgaduleuluiley . NM3gAfulnunadey

JUN 1 ULUUdaeINIaduluUnUaaY

= 9 @ = ' U 3 o =
M19199 4 dnsnseadunenluioudensudlolad 4 1o Tunisgaduuenluilen

g zeolite mg NH; ab  %NH, ab mg NHy/gZ Ce log Ce log mgNH,/g
0.5014 10.22 60.30 20.39 0.0039 -2.43 1.31
1.0566 11.72 69.12 11.23 0.0029 -2.54 1.05
2.0018 12.34 72.79 6.15 0.0026 -2.59 0.79
3.0039 12.59 74.26 4.19 0.0024 -2.62 0.62
4.0270 12.84 75.74 3.20 0.0023 -2.64 0.50
5.0476 12.84 75.74 2.54 0.0023 -2.64 0.41
6.0570 13.21 77.94 2.18 0.0021 -2.68 0.34
7.0710 13.21 77.94 1.88 0.0021 -2.68 0.27

M19199 5 dnsnsgadulnunadeusensu@lelad 4 1o lunsgadulnunaidey

gZeolite  mg Kab %Kab mgK/gZ Ce log Ce  log mgK/gZ
0.2574 5.5 14.47 21.4 0.16 -0.80 2.33
0.5035 8.2 21.58 16.3 0.11 -0.98 2.21
1.0070 11.8 31.05 11.7 0.07 -1.17 2.07
2.0095 194 51.05 9.7 0.05 -1.32 1.98
4.0205 26.7 70.26 6.6 0.03 -1.54 1.82
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Abstract

The study was conducted to determine the effects of rhizobium and
Arbuscular mycorrhiza fungi (AMF) on the growth of three cowpea varieties
(Viena unguiculata L. Walp.). The cowpea inoculated with three Rhizobium
strains (R14, R41 and R55) and four AMF strains (AMF1, AMF2, AMF3 and AMF4)
were evaluated with a pot experiment under greenhouse conditions. The
experiment consisted of 3 groups and each group was divided into six
treatments in completely randomized design: (1) control treatment (non-
inoculated plant), (2) rhizobium treatment (inoculated with rhizobium isolated
R14, R41 and R55 for cowpea no. 14, 41, and 55, respectively), (3) AMF1
treatment (dual inoculation with each rhizobium and AMF1), (4) AMF2 treatment
(dual inoculation with each rhizobium and AMF2), (5) AMF3 treatment (dual
inoculation with each rhizobium and AMF3) and (6) AMF4 treatment (dual
inoculation with each rhizobium and AMF4). The results showed that
rhizobium inoculation increased shoot dry weight of all cowpea varieties

higher than control treatment with 14, 45, and 28%, respectively. The cowpea

* Corresponding Author: Phanit Nakayan
Email: phanit@mju.ac.th
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no.14 and 41 that rhizobium inoculation increased the amounts of nitrogen
from nitrogen-fixation higher than control treatment by 70 and 47%, respectiv
ely. The dual inoculation of rhizobium and AMF on a percentage of mycorrhizal
colonization and phosphorus content were not statistically significant from the
control treatment. The amounts of nitrogen from nitrogen-fixation of cowpea
strain 14 and 55 with dual inoculation of Rhizobium R14 or R15 and all groups
of AMF were lower than a single rhizobium inoculation. The amounts of nitrogen
from nitrogen-fixation of cowpea strain 41 and 55 with dual inoculation of
rhizobium R14 and AMF2 or AMF3 or AMF4 were higher than a single rhizobium
inoculation. This study concluded that the growth of cowpea and amounts of
nitrogen from nitrogen-fixation of cowpea could have been improved by
specific rhizobium. However, the dual inoculation of rhizobium and arbuscular

mycorrhizal remains to be considered on a case-by-case basis.

Keywords: cowpea, rhizobium, arbuscular mycorrhiza fungi, nitrogen fixation

Introduction

Cowpea (Viegna unguiculata (L.) Walp var. unguiculate) is one of the
most ancient crops known to humankind and is the most important legumes
in Africa (Murdock et al., 2010). It has been extensively grown traditionally,
which has grown to intercrop with sorghum, millet, maize, or cassava. However,
it has grown as a monoculture on occasion. Farmers have lately increased their
cowpea production after recognizing it could be a profitable crop. Cowpea
grows in poor soil and low moisture (average annual rainfall of 300 mm). For
the African continent, cowpea is an economic crop used as food and feed and
more than 80% of the world’s cowpea crop is grown in Africa. Furthermore, the
cowpea grain contains 23-25 % high-quality protein by weight, which is
comparable to the quantity found in dried leaves (Murdock et al., 2010). In
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the field, cowpea is an N-source for plants and soil and also enhances soil
fertility and protects soil moisture (Bado et al., 2006).

In Northern Thailand, V. unguiculata var. unguiculate is grown in dryland
farming or garden at highland areas. For the selection of variety, three varieties
of V. unguiculata were selected by Wongwai et al. (Wongwai et al,, 2017) after
they found that only cowpea can grow with upland rice not disturb rice. The
three varieties were identified by color include No. 14 (black seed), No.41
(brown polka dot dotted color), and No.55 (black and white seed). Moreover,
V. unguiculata var. unguiculate can protect soil moisture surface and reduce
weed (Wongwai et al., 2014). The litter of cowpea can increase organic matter.
The cowpea’s pod can be food and sell (Wongwai et al,, 2014).

Rhizobia are a type of soil bacteria that form root nodules in a
symbiotic interaction with legume roots. They are a type that coexists with
plants and can be utilized in environmental agriculture to reduce nitrogen
fertilizer consumption, aid drought resistance, reduce nitrogen pollution and
soil acidification, raise Leguminosae productivity and quality, and improve soil
fertility and health (Young, 2014).

For cowpea, Bradyrhizobium strain has been increased in shoot biomass
(Puschel et al., 2017). A beneficial microorganism is arbuscular mycorrhiza fungi
(AMF) that facilitate enhanced plant phosphorus uptake (Klabi et al., 2014).
However, depending on the degree of physiological compatibility between
the fungal symbiont and the host plant, nutrient availability, and plant species
relationships, the influence of AMF on the plant might be negative, neutral, or
beneficial (Meng et al., 2015). The tripartite symbiosis between legumes,
rhizobia, and mycorrhiza fungi is beneficial for legume nitrogen uptake
(Estefan et al,, 2013). The dual inoculation showed a significantly increased
total biomass of soybean and maize compared with non-inoculated. Puschel

et al.( 2017) found that Bradyrhizobium strain could be related significantly to
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the indigenous AMF, and showed a more various colonization pattern of
cowpea root. However, rhizobium and arbuscular mycorrhiza's ability and
potential on cowpea growth have not been investigated in Thailand. Therefore,
our study aims to determine the effects of rhizobium and arbuscular mycorrhiza
fungi (AMF) on cowpea and assess the capacities of the three rhizobium on

cowpea growth.

Materials and methods

Experimental Design

A greenhouse pot experiment was conducted at the farm of Maejo
University, Thailand. Wongwai et al. (2017) selected three cowpea varieties and
separated the test as 3 experiments. Varieties were included as cowpea No. 14
(black seed), No.41 (brown polka dot dotted color) and No. 55(black and white
seed). The experiment was conducted in six treatments, and four replicates
with a completely randomized design. Each variety was treated with compatible
rhizobium. There were as follow: (1) only cowpea and no inoculant (control,
T1); (2) cowpea inoculated with rhizobia isolate R14, R41, and R55, which
selected by soil science laboratory in Maejo University (T2); (3-5) each cowpea
varieties inoculated with rhizobia R14, R41, and R55 plus with arbuscular
mycorrhiza fungi selected from Samoeng Rice Research Center (AMF1-AMF3)
and from Department of Agriculture; DOA (AMF4) (6) each cowpea varieties
inoculated with rhizobia isolated R14, R41 and R55 plus with arbuscular
mycorrhiza fungi from Department of Agriculture (DOA). Transparency plastic
greenhouse was used from April 24 - August 8, 2018. The harvesting was
finished when cowpea was as 105 days after planting.

Plant Growth Medium

The using soil contained pH 5.73, 3.8 g kg’1 of organic matter, 43 ug g’1

of available P, and 147 ug gfl of exchangeable K. The soil was twice steam-
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sterilized at 120° C for 2 hours to eliminate the AMF spores. Next, plastic pots
having 30 cm diameter and 27 cm height were filled with 8 kg of dry soil.

Seedling and Inoculating

A total of 3 seeds of each cowpea varieties (V. unguiculata var.
unguiculate Varieties No. 14, No.41 and No. 55) were sterilized in 70% ethyl
alcohol for 5 min. The sterilized cowpea seed was covered with peat moss
which was 5.9x10"" cfu g_l of rhizobium. Seeds were sowed in the tray and 13
days old seedling was transplanted to a pot. For arbuscular mycorrhiza
inoculation, cowpea seedlings were planted to the pot after 50 ¢ of soil
inoculum (contained 15-20 spores gfl) were added to 8 kg of soil potfl. Cowpea
were grown under greenhouse, and watering was every 1-2 day depend on
the weather. Two weeks after inoculations, the seedlings were thinned to one
seedling per pot.

Data collection

After 105 days after planting, dry weight of shoot dry weight, root dry
weight, nodule dry weight, and branches number of plant, nitrogen, phosphorus,
potassium uptake, ureide relative index, mycorrhizal colonization and correlation
coefficient between shoot dry weight (SDW) were analyzed. Determinations of
nitrogen, phosphorus and potassium content of shoot: nitrogen content was
determined by the Kjeldahl method as described by Estefan et al. (Herridge &
Peoples, 2002). Phosphorus and total potassium were determined by the
procedure of Estefan et al. (2013). Ureide-N, amino-N and nitrate-N, ureide
relative index (RU-N%) was determined by Herridge & Peoples (2002). Mycorrhizal
infection was used by Phillips & Hayman (1970) (Tang et al., 2019). Correlation
coefficient between shoot dry weight(SDW) and All parameters were analyzed
for statistical significance using the analysis of variance (ANOVA) by Sirichai

Statistic program ver. 7.0.

o
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Results and discussion

The influence of rhizobium and arbuscular mycorrhiza fungi on the
growth of three cowpea cultivars was investigated. The present research showed
an encouraging effect of single rhizobia inoculation and dual inoculation with
arbuscular mycorrhiza fungi (AMF) can increased dry shoot weight of cowpea,
which is in agreement with white clovers after inoculated with AMF Rhizoglomus
intraradices and Rhizobium trifolii (Boddey et al., 2016). Meng et al. (2015)
also reported that the soybean and maize intercropping system's yield was
signifi cantly increased by the single AMF Glomus mosseae or Rhizobium SH212
and dual inoculating. Our results also supported that some advantageous
microbes’ strains had to the synergistic work in stimulating the growth of host
plant

1. Cowpea no. 14

Shoot dry weight, nitrogen, phosphorus and potassium uptake and
their relative: The comparison of the control treatment (none inoculation),
single inoculation with Rhizobium R14 and double inoculation R14+AMF4 and
R14+ AMF2 significantly increased shoot dry weight and relative shoot dry
weight up to 14, 13, and 179%, respectively. In addition, the comparison of
control treatment, double inoculation with R14+AMF4 and single Rhizobium
R14 inoculation were not significantly increased nitrogen uptake with 3.68 ¢ N
plant-1 (Relative N-uptake 6% compared with control) and 3.61 ¢ N plant_1
(Relative N-uptake 4% compared with control). Phosphorus uptake was
increased 0.31 g P pLan‘{1 (Relative P-uptake 19% compared with control.
However, single rhizobium inoculation did not increase P-uptake and K-uptake
of cowpea’s shoot. In addition, the control treatment and double inoculation

with R14+AMF3 recorded significantly higher K-uptake (Table 1).
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Table 1. The effect of Rhizobium R14 and arbuscular mycorrhiza fungi (AMF)
on relative shoot dry weight (Relative SDW), the uptake of the shoot
nitrogen, phosphorus and potassium, relative nitrogen, phosphorus

and potassium in cowpea no.14

Treatments SDW Relative  N-uptake Relative P-uptake Relative K-uptake  Relative K-
(g plant ) SDW (%) (g N ptantri) N-uptake (g P ptantri) P-uptake (g P plantﬂ) uptake

(%) (%) (%)
Control 79.15 100 3.48 100 0.26 100 0.46 " 100
R14 90.54 114 3.61 104 0.23 88 032" 70
RIGTAMFL  86.06 109 2.99 86 0.27 104 0.44 96
RIG+AMF2 9239 ° 117 3.45 99 0.27 104 0.44 9%
RIGIAMF3 8145 103 257 74 0.24 92 054" 117
RIGHAMFG  89.69 113 3.68 106 031 119 051" 110
Mean 86.55 0.30 0.26 0.45
F-test * ns ns *
CV. (%) 6.65 16.30 27.04 8.85

ns: non-significant, * significant at p<0.05, ** significant at p<0.01

Means with column letter within the same column is not significant by LSD at p<0.05

SDW is shoot dry weight; N-uptake is Nitrogen uptake; P-uptake is Phosphorus uptake; K-uptake is
Potassium uptake

R14 is the best rhizobium selected from the nodule of cowpea no.14

AMF1 is arbuscular mycorrhiza fungi from Samoeng Rice Research Center (orange spore)

AMF2 is arbuscular mycorrhiza fungi from Samoeng Rice Research Center (transparent spore)

AMF3 is arbuscular mycorrhiza fungi from Samoeng Rice Research Center (dark orange spore)

AMF4 is arbuscular mycorrhiza fungi from Department of Agriculture (Mixed spore)

Root dry weight: All inoculated treatment increased root dry weight
compared to control treatment (Table 2). The highest root dry weight was
found in single inoculated with rhizobium R14, that could increase root dry
weight up to 61% compared with control. Root dry weight were decreased with
dual inoculating with rhizobium no.14 and arbuscular mycorrhiza fungi (AMF).

Nodule dry weight: All treatments did not increase nodule dry weight
as compared to control treatment. Double inoculating trended to decreased

nodule dry weight compared with control treatment (Figure 1A).

o o
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Table 2 The effect of Rhizobium R14 and arbuscular mycorrhiza fungi (AMF)
on root dry weight, nodule dry weight, relative ureide index (RUI), and

mycorrhizal colonization, of cowpea No. 14

Treatments RDW Relative RDW Nod DW Relative RUI (%) Mycorrhizal

(g plant’) (%) (g plant’) Nod-DW colonization
(%) (%)

Control 37.43° 100 0.82° 100 47.85 90

R14 60.22° 161 0.75 ° 92 85.50 88

R14+AMF1 5323 ° 142 055" 67 60.21 78

R14+AMF2 50.18 " 134 0.48"° 59 63.30 80

R14+AMF3 5018 " 134 040" 49 502,07 80

R14+AMF4 52.80 € 114 0.74 ° 90 64.60 95

Mean 49.01 130 0.62 57.15

F-test *x ** ns

C.V. (%) 11.23 17.02 19.61

ns: non-significant, * significant at p<0.05, ** significant at p<0.01
Means with column letter within the same column is not significant by LSD at p<0.05
RDW is Root Dry Weight; Nod DW is Nodule Dry Weight (g plant—dry—weight&);

RUl'is Relative Ureide Index; P-fix is Phosphorus fixation

Fig. 1 A nodule of cowpea no. 14 = A, no.41 = B, and no.55 = C

Relative ureide index (%RUI): The RUI was highest with rhizobium R14
inoculation. In addition, the double inoculating treatment trended to increased

RUI (Table 2).
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Mycorrhizal colonization: All treatments did not increase the
percentage of mycorrhizal colonization compared to control, except double
inoculating of AMF4 and rhizobium R14, which could increase the percentage
of mycorrhizal colonization up to 95% (Table 2).

A positive correlation was found for correlation analysis on RUI vs. SDW

and RUI vs. mycorrhizal colonization (Table 3).

Table 3 Correlation between RUI and shoot dry weight (SDW) and between

RUI and mycorrhizal colonization of cowpea no.14

Correlation N r
RUI VS SDW 6 0.908 *
RUI VS mycorrhizal colonization 6 0.830 *

RUI is Relative Ureide Index, SDW is shoot dry weight

In case of cowpea no.14, shoot growth can increase by only Rhizobium
R14 applying. While, better N, P, K-uptake were showed by a co-inoculating
between R14 and specific AMF groups. However, root dry weight and nodule
dry weight were affective increased when only Rhizobium R14 using and
have positive relationship with RUI. Moreover, RUI also have good effected to
mycorrhizal colonization. These results showed the difference strain of rhizobium
and AMF were specific to the plant host. Boddey et al. (2016) also stated that
the cowpea could respond remarkably when highly effective rhizobium strain
was used.

2. Cowpea no. 41

Shoot dry weight, nitrogen, phosphorus and potassium uptake and
their relative: Compared with the control treatment (uninoculated), The
comparison of all treatments significantly increased shoot dry weight and

relative shoot dry weight 27-45%. In addition, compared with control treatment,

o
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double inoculation with R41+AMF4 was significantly increased nitrogen uptake
with 4.04 ¢ N plant_l (Relative N-uptake increased up to 52% compared with
control) and also increased phosphorus uptake to 0.24 ¢ P plant’1 (Relative P-
uptake increased to 41% compared with control treatment). Moreover, all
inoculation treatment could increase the K-uptake of cowpea’s shoot up to

23-34% compared with control and double inoculated R14+AMF4 (Table 4).

Table 4. The effect of Rhizobium R41 and arbuscular mycorrhiza fungi (AMF)
on shoot dry weight, relative shoot dry weight (Relative SDW),
nitrogen, phosphorus and potassium. The uptake of relative nitrogen,

phosphorus and potassium uptake in cowpea no.41

Treatments SDW Relative N-uptake Relative P-uptake Relative K-uptake Relative
(g plant’) SDW (@Nplant)  N-uptake  (gPplant) P-uptake (gKplant)  K-uptake

(%) (%) (%) (%)
Control 56.17 100 267" 100 0.17 100 0.35 100
R41 81.43° 145 304" 114 0.20 118 0.43 123
ROLLAMF1  71.40° 127 308" 116 0.18 105 047 134
ROLTAMF2 7860 " 139 318" 119 0.19 112 0.47 134
ROL+AMF3 7570 % 135 4.04° 152 0.24 141 0.44 126
ROL+AMFA 78927 141 346" 130 0.22 129 0.35 100
Mean 73.71 3.44 0.20 0.42
F-test *x* ns ns ns
CV. (%) 7.03 18 2.9 19.66

ns: non-significant, * significant at p<0.05, ** significant at p<0.01

Means with column letter within the same column is not significant by LSD at p<0.05

SDW is shoot dry weight; N-uptake is Nitrogen uptake; P-uptake is Phosphorus uptake; K-uptake is

Potassium uptake

R41 is the best rhizobium selected from nodule of cowpea no.41

Root dry weight: the single Rhizobium R41 inoculated treatment

significantly increased root dry weight compared with control treatment up to

41.15% (Table 5), but other treatment did not affect the root dry weight

U7l 10 atufl 2 (2565) ISSN 2287-0083 | Vol.10 Issue.2 (2022) ISSN 2287-0083



NITIermansuazmalulad wninedesvigenssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

cowpea no.41. Root dry weight was decreased whit dual inoculating with R14+
AMF.

Nodule dry weight(g per plant dry weight): All treatments did not
increase dry nodule weight as compared to control treatment. Double
inoculating trended to decreased nodule dry weight compared with control
treatment (Figure 1B).

Relative ureide index(%RUI): The RUI of R14+AMF2 inoculation
treatment was the highest. In addition, single rhizobium and double inoculating
treatment trended to increased RUI compared with control.

Mycorrhizal colonization: All treatments increased the percentage of
mycorrhizal colonization compared to control, except single rhizobium
inoculating, which has decreased the percentage of mycorrhizal colonization

less than control treatment (Table 5).

Table 5 The effect of Rhizobium R14 and arbuscular mycorrhiza fungi (AMF) on
root dry weight, nodule dry weight, relative ureide index (RUI), and

mycorrhizal colonization of cowpea No. 41

Treatments RDW Relative RDW Nod DW Relative RUI (%) Mycorrhizal colonization
(g plant) (%) (g plant ) Nod-uptake (%) (%)
Control 40.63 b 100.00 0.90 : 100.00 43.95 90.00
Ra1 57.35 ¢ 141.15 0.88 ¢ 97.78 54.19 87.50
RA1+AMF1 37.70 be 92.79 0.44 b 48.89 53.06 95.00
RAL+AMF2 3115 76.67 077" 30.00 61.81 90.00
RA1+AMF3 27.65 b 68.05 0.80° 88.89 57.67 100.00
RAL+AMFS  34.81°° 85.67 082" 91.11 54.56 97.50
Mean 38.21 0.68 51.11 1.32
F-test ** *x ns ns
CV. (%) 15.06 17.62 19.26 19.41

ns: non-significant, * significant at p<0.05, ** significant at p<0.01
Means with column letter within the same column is not significant by LSD at p<0.05

Nod DW is nodule dry weight
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3. Cowpea no. 55

Shoot dry weight, nitrogen, phosphorus and potassium uptake

and their relative: The comparison of the control treatment (uninoculated,

R55+AMF1 and R55+AMF3 treatment increased shoot dry weight and relative

shoot dry weight 1.18 and 5.57%. In addition, N-uptake and K-uptake of the

R55+AMF3 inoculation were significantly increased to 40% and 41.03%

compared to the control treatment. However, all treatments did not affect to

increased P-uptake when compared with control (Table 7).

Table 7 The effect of Rhizobium R55 and arbuscular mycorrhiza fungi (AMF) on

shoot dry weight, relative shoot dry weight (Relative SDW), nitrogen,

phosphorus and potassium uptake, relative nitrogen, phosphorus and

potassium uptake of cowpea no.55

Treatments SDW Relative SDW  N-uptake Relative P-uptake Relative K-uptake  Relative K
(g pLantrl) (%) (gN plantrl) N-uptake (g P plantrl) P-uptake (gK plantrl) uptake
(%) (%) (%)
Control 83.36 " 100.00 325" 100.00 0.25 100.00 039° 100.00
R55 68.99 82.42 258 ° 79.38 0.22 88.00 049 ™ 125.64
R55-+AMF1 84.69 " 101.18 370° 113.85 0.19 76.00 052° 133.33
R55-+AMF2 73.16 87.41 282° 86.77 0.21 84.00 046" 117.95
R55+AMF3 88.36 105.57 4.55° 140.00 0.25 100.00 0.55° 141.03
R55-+AMF4 75.89 90.17 283 ° 87.08 0.24 108.00 035° 89.76
Mean 79.13 3.29 0.26 0.47
F-test *x* ** ns *
CV. (%) 8.13 15.60 20.32 16.66

ns: non-significant, * significant at p<0.05, ** significant at p<0.01

Means with column letter within the same column is not significant by LSD at p<0.05

R55 is the best rhizobium selected from the nodule of cowpea no.55

Root dry weight, nodule dry weight (Figure 1C), Relative ureide index

(%RUI), and percentage of mycorrhizal colonization: compared with control,

all inoculated treatments did not affect on root dry weight, nodule dry weight,
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relative ureide index (%RUI), and percentage of the root of cowpea no.55.
Nevertheless, these parameters decreased by single rhizobium treatment and

dual inoculation R14+AMF (Table 8).

Table 8 The effect of Rhizobium R55 and arbuscular mycorrhiza fungi (AMF)
on root dry weight, relative root dry weight (relative RDW), nodule
dry weight (Nod DW), relative ureide index (RUI%) and mycorrhizal

colonization of cowpea no. 55

Treatments RDW Relative RDW ~ Nod DW Relative RUI (%) Mycorrhizal
(g plantri) (%) (g plantri) Nod-uptake (%) colonization(%)
Control 74.51° 100.00 101° 100.00 48.39 95.00
R55 26.72 ¢ 35.86 087° 86.14 55.03 90.00
R55+AMF1 60.10 ° 80.66 0.42° 41.58 46.90 92.50
R55+AMF2 54.70 b 73.41 085" 84.16 55.03 100.00
R55+AMF3 38.70 51.94 0.67 ° 66.34 61.39 92.50
R55+AMF4 38.41° 56.63 0.33° 32.67 49.48 92.50
Mean 48.87 0.69 51.11 1.33
F-test ** ** ns ns
CV. (%) 11.58 15.44 19.26 20.99

ns: non-significant, * significant at p<0.05, ** significant at p<0.01
Means with column letter within the same column is not significant by LSD at p<0.05

Nod DW is nodule dry weight

Number of branches per plant

The result revealed that the amount of cowpea branch (no. 14 and
no.41) were the highest by rhizobium inoculation treatment (5.5 and 5.75
branches, respectively). However, maximum of branch per plant of cowpea
no. R55 was showed by using of combination R55+AMF4.

Control treatment of cowpea no.55 showed the highest nodule dry
weight compared with rhizobium inoculation. This result might be due to
rhizobium, which is non-host-specific bacteria that occurred in environmental
areas (from water and air). There were more effected on nodule than rhizobium

o o
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that inoculated to cowpea and in soil 2 times sterile (60 min per each time)
by the mushroom sterilizer. Besides, rhizobium was non-spore microbe, so the
soilborn natural rhizobium was eliminated by this procedure. In contrast, Rebika
& Nongmaithem (2019) reported that inoculation of cowpea seed with rhizobium
was found to be more nodule product when compared with no inoculation.
Besides, the results found that the root dry weight of cowpea no.14 increased
to 61% by comparing with the control. This might be due to Rhizobium R14
may can produce IAA that effect to improve cowpea root which is in an
according with Lebrazi et al. (2020) reported that the IAA can produce by a
majority of rhizobacteria. In addition, Bradyrhizobium sp. in root of cowpea
that from South Africa and Mozambique also can produce IAA (Dabo et al,,
2019). However, double inoculation rhizobium R14 and AMF did not improve
the effectiveness of nitrogen fixation, shoot dry weight, %RUI, root dry weight,
and nodule dry weight (except Rhizobium R14+AMF4 treatment showed no
difference of dry nodule weight compared to rhizobium treatment). These
results may be due to competition between Rhizobium R14 and AMF1-3.

%RUI is the nitrogen-fixing efficiency index of rhizobium. The results
showed that %RUI of cowpea no.14, 41 and 55 in the control treatment have
47.85, 54.19 and 55.03%, respectively. In comparison, rhizobium inoculation
treatment has a trend non-significant lower dry weight nodule than control.
However, they showed better %RUI (85.50, 54.19 and 55.03%, respectively).
Consequences, it referred to superior nitrogen-fixing efficiency from rhizobium,
which has been selected from laboratory and they could more fixing nitrogen
than control.

In this study found that mycorrhiza infection up to 90% in the control
treatment. The results were affected by mycorrhiza fungi in the environment
or the sterilization method of soil by mushroom sterilizer did not eliminate all

microorganisms include natural arbuscular mycorrhiza.
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Conclusions

The effect of rhizobium and arbuscular mycorrhiza fungi (AMF) on
cowpea’s growth can conclude that all variety of cowpea was used in this
research were good significantly respond to three rhizobium isolates. The only
specific rhizobium used was affected by three cowpea varieties than combination
application. The growth of cowpea, some nutrient uptake (such as nitrogen)
which rhizobium inoculating had increased more than control. However, not
all specific rhizobium and mycorrhizas can stimulate and enhance the growth
of cowpea. Some co-inoculated may reduce their growh. Therefore, the good
growth stimulation of cowpea that depends on the proper and specific selection

of rhizobium and/or mycorrhizal fungi.
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Abstract

The objective of this research were to study the antioxidant activity of
Cordyceps militaris (CM) extract and investigate the effect of gelling agents on
product characteristics to develop the serum formulation. The extracts of CM
by hot water for 30 minutes (CMH) and water (CMW) were antioxidant capacity
by ABTS and DPPH assay. The ABTS radical scavenging activities expressed as
ICso was 6.57 £ 0.30 mg/ml and 3.16 + 0.14 mg/ml for CMH and CMW,
respectively. CMH and CMW showed, IC5, values 6.81 + 0.34 mg/ml and 6.77
+ 0.33 mg/ml , in DPPH assay. The gelling agent compose of 2% HPMC, 4%
hydration, and 1% preservatives examined under accelerated condition was
suitable for serum formulation. The CM extracts can be useful to prepare as a

serum product
Keywords: Cordyceps militaris, Serum, Antioxidant activity
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Caterpillarfungus, Cordyceps, Cetepiller, mushroom fHanuwazdngeaigldvavea
g17UszUnn 4 - 11 wufwes Sdwmdeames dndunenduendnualionizes Jal¢
Mnmsmzdssdadeduridnes Wanautfuarasmanillndifestuiudsiun
ﬁmiaaﬂqwé launneaudnalsa Wy beta glucan, galactomannan, adenosine,
cordycepin, cordycepic acid, nsnezily wonaniifiusznoudsansermsdisy
3w 9 wu Tnuvadon Toden weadey wuniiley win dined wavddiley Jeans
o idudauusrlevinednnis dudanesinafignuazmldieniidag
Bin durdnesdsdignineanmiinannvanslénn qvddueyyadasy (Chen et
al,, 2013) gisFuNSSNIEY (Won & Park, 2005) uananii Cordycepin f9%a8an
3130814 (Das et al,, 2010) Fadagtudutrdnegninunuseyndldlundniosi
\w3nsdrens dnsihienans Cordycepin anndutindvesungeuntlosiiainuauan
(Lee et al,, 2009) wazilen Super oxide dismutase Tudagnanes saduansfivi
wihundlosnisidenveeadlneiumseyyadassiuniAuly unusegndldly
\3esdnenatngein Beaztiendnwadianils vzaonnuun PeglviRamssaaUas
(Zillich et al, 2015) wenvniifamuintluaisatnndugidnesfaaruisaduds
ulesilnlsdiuauaznis afradinduanduld (Nam et al, 2010) Fatuldirdaen
Avesanansntnanuszgndlflundnfusiaiosdiouasnandusideaunmitaniely
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F/N1IANUUITY

1. ansinliuaz Tangunsal

1.1 @1s.alnnadayu DPPH (Sigma-Aldrich, Denmark), Ascorbic acid
(Sigma-Aldrich, USA), ABTS (Sigma-Aldrich, Germany), Potassium per sulfate
(Ajax finechem, Australia ), Methanol HPLC grade (Rci labscan, Thailand)

1.2 Horizontal Shaker (HS501, IKA, USA), Centrifuge (Centrifuge 5810R,
Eppendorf, Germany), (Alpha 1-4, Christ, Switzerland), Hot air oven (Steriliser
SN30, Germany), Desiccator cabinet (Wandefu, Japan), Micro plate Reader (EZ
Read 400, Biochrom, UK), Plate shaker (shaker ST3, Elmi, UK) freeze dried
(Alpha 1-4, Christ, Switzerland) pH paper (Indicator strips Merck, Germany)

2. FFnaeseuansatnandugidves Yinawiidgndvesdsun 1 ndu
wiluthemnd 80 °C wiu 30 i Mndunsewhuiunus Wlunvusdaadn
duansatndagidnesiatadeiiuiuuudonudonios freeze dried

3. Anwgrissueyyedassvesasatadaudinesineutoondudel

3.1 Anwgvsdueyuadassuesasaindaindnesiied’ DPPH e
a15azane DPPH radical Tuiuvnuea wisuansafadugrdnesduanududu 1-10
meg/ml NaasatndLY1AveUSuns 40 ul Wazans DPPH Usuns 160 ul veaas
Tu 96 well plate USinasnquag 200 pl welsidnfudalfluiidind 250 ¢ Wunan
30 uit udnhluinAgandunasiiaueniadu 517 nm (n=3) fMer3es microplate
reader TnaiUSouifisuiu ascorbic acid uasazaisuInggIu WAIRILIUNT %
radical scavenging wagA1 ICs, ANAUNTT FaauUawwnain3sees Brand-Williams

et al. (1995)

% radical scavenging = [1 = (Agampte 7 Acontrol )] x 100

= 1 =l cY !
Asample D ANAANAULEIUBIEANTAIDENS

Acontrot A8 ANQANGLULENYDIET DPPH
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3.2 Anwigvisiueyyadassuesansainduindnesinegds ABTS ey
a15aza1y ABTS fiu potassium persulfate wanliinmeiumesnsidiu 1:1 Wly
Usilufilnflgaumgil 25 °C utu 16 $2ls WA DI water U3u1ms 25 ml tie1deans
thluneaadlu 96 well plate Uumswauay 200 pl wdahldinAganduuasd
AINETIAAY 405 nm FelA3as microplate rader WldANd 0.7-1 aglédans ABTS"
fiflanuaies wisuaisatadudidnesiinnududu 1-10 me/ml thansiegia
431105 20 pl wasdfuiuans ABTS  Usunns 180 pl nemadly 96 well plate
Uinasnauag 200 pl g lsdnfuielluiiind 25 °C Wuna 6 wift wénilua
m@mﬂﬁuumﬁmmmmﬁ'u 405 nm (n=3) AUIUAT Ics, 1 ascorbic acid tduans
ATAYUINIFIU AAWUAININITVDY Pellegrini tazAny (Re et al., 1999)

4. pMsash¥usuualaeUsuUasurinwar Ui amesan iU
Tagld carbopol ETD 2020, carbopol ultrez 10 waz carbopol 934 finududu
0.25, 0.275, 0.30, 0.325, 0.35, 0.375 wag 0.40% w/w Wag hydroxypropyl
methylcellulose (HPMC) finnnuudiudu 1.0 waz 2.0% w/w wazidenldaisliay
Y (humectant) 4%, uazansfiude 1% Fsnmsdndoneiuvaiinfianazyszdu
MndnuaEmanennuazall Snvazneuen Taud @ anula mswendu ey

n3AAN9 (pH) wazAuntalagldiaiosinanunis NoULAEUIIINNAFDUANTIZLT

#1838 heating and cooling cycle Tt ulwsuiuanuigamgll 45 °C / 75%

relative humidity (RH) uu 24 $2lus antuthluiAufigamadl 8 °C un 24 dalas

Y
AnLdu 1 cycle e 6 cycle wagnagauAMuAilaenIsiussuaigamgfiies
gamndl 8 °C wavgamadl 45 °C WJunan 14 Ju
5. NMSWAIUIANSULESITINENA TanAD L ENeRNaTaNnn I dnesiana

NUIANUTUTY 0.016% W/w, BSLURISULLSULUANANEALAZLaaNITaS LAY

q

| (% '

Uy (humectant) Lawn glycerin 4%, wazansiulds laun paraben 1% w/w

'
[

NUUUTELUA S UL S UN LA UN AN VDI TANA N1 NANYAUL NN LA TNLALLAL]
Snwaznieusan lowd 8 anula niswendu Anudunsa-aswazaunialagld
WMSBITAAINUNLA NDULATNAIINNNARDUANNILLIILALNAFDUAITUAIAIVDIAISU

LS
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6. ANWIANUAIANINYDIANSULLSUNHANF1TANANWYIENDY LA8UHI8819

(% o =3 a

NAR S UILYSULAUNEN1IELT90287T heating and cooling cycles LAUHAR a9

avndl 8 °C way 45 °C Wuan 24 F1lus Inevinaduiuluunaunsu 7 soU wag

Y

Wuitan nasafigamalivies Wevinsmeaeuluan1izisensu 7 sounds e

o)

(%

WandugiumaaaugaLasannludunen nlagnsELnainvMEA BNy &
nau Nskentu lnearennnisilasuiiaslugiaians o a1 pH lagly pH
paper (Indicator strips Merck, Germany) 1na11uutlnlagiATaIdainAIUULn

(Thermo Fisher Scientific, USA) wagsuail Ingdanaa1anudunsn-anausesisu

NaN13IEIaZaAUTIENE

1. nan1sfnwignidiuoyyadaseidenaaeudieds ABTS  (n= 3) lngld
ascorbic acid \uansazaleuInsgIunuINEA 1Cso WU 0.22 + 0.00 mg/ml diu
ansanadagnanesfiatneieinouuu 30 uil wasi (freeze dried) den 1Cs,

[

WU 6.57 + 0.30 mg/ml Wa 3.16 + 0.14 mg/ml qvddnueyyadaszidenaaey
#1835 DPPH (n= 3) Wui1 ascorbic acid 6‘5@Lﬂumiaxmammgwuwm’wﬁm ICs,
Wi 0.30 + 0.02 me/ml dauansafndatidnesiiatadaetideuuiu 30 uni
waztn SA1 ICs, WU 6.81 + 0.34 me/ml kag 6.77 + 0.37 mg/ml ANUdI9Y

o dl
LEAIAIAITIN 1

ee

M54 1 NANITNARBUGVISAUBYYADES

Antioxidant activity

Samples ABTS" DPPH
(IC5, mg/ml) (IC5, mg/ml)
CMH ( Hot water ) 6.57 + 0.30 6.81 + 0.34
CMW (freeze-dried) 3.16 £ 0.14 6.77 £ 0.37
ascorbic acid 0.22 + 0.00 0.30 + 0.02
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tfeana1 ascorbic acid Wevnaeulagds ABTS uaz DPPH Fuiiuldingnisueyya

v
=

faszvesarsadianerududidnesluintuegiuauludy (dose-dependent) (Yu,

Y

et al,, 2007; Park et al,, 2014) kagdui1@NawlauIUA@TAAILUITDULALLEONIUBA

NI IHUTanSae35 chromatography e ICs, 177U 0.548 mg/ml duans

v
v @ o

a¥any ascorbic acid 4@ ICs, LY1AU 0.358 mg/ml (Yu et al., 2007) A9tUFAIYN
azansuarismeriliasatausanstursvinlinansmnaeu gniiueendndud
AMULANAAL (Chen et al., 2013) %amﬂuﬂaju woaudnanlss Tududidnes 1w
Jonguau fovdlunsiueendindu (Das et al, 2010)

2. mafannfuwsuvalneisuulawinuazUnaesasiiiuaumiia
1aun carbopol ETD 2020, carbopol 934, carbopol ultrez 10 AULNTU 0.25%-
0.60% w/w WU SrsuleSuanuaiidnvas e i aunsaneadiulen
wilouiu Wun Sheazdveshiu pula waglifinnsuendy fmiuesuvatmund
Aaudunsa-nne egluie 7.0 - 7.2 Taaruninveauazsiniunud deaufisay
duduwes carbopol aviliiuwsudaumilefiiintude Tnefuwsuuaid
ANEaLTianfe carbopol ultrez 10 AN 0.30% wanfanad 2 way
dlonndeuaniizisadieds heating and cooling cycle WU’jmﬂﬁTw%’Uﬁmwwﬁmﬁ
anadlofisutiuaumilaneurinisnageuaniizse siusuuaiiil carbopol
ultrez 10 Wuihduwsuwaniinisasuulasauniintiosnit carbopol ¥iadug
druansnelna HPMC 7iTUSua 1.0% - 2.0% w/w wanefansnd 2 uax ;s*dﬁ?i 1
wudiduisuaifinudnyugnisnenmiaunsanesiulafimiioudu Toun
Snwrdvesiniu anala uagnsuondu s¥umduvaiisaumdunsa-aeglugas
6.0 - 6.3 Faflen pH IndlAestuanszdrdresdutidvesfiannsonsdaléa ey
Audutumes HPMC agsilissumsuwalinmnuniiafiiintu Tnesfuesuuaid

HPMC 2% w/w Simnuvilafiwsnzausnnndl HPMC 1% w/w

=
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N 7

— .

JUT 1 dnwagnamenmuazindveasiiuanil HPMC 2% w/w Tuan1igiss

n) TUSUAY V) NRIMAFDUANIZLIIATU 7 cycle

ot fusuuammanivansaiadadt wudnisuanasatadagilu
frsuiiflansiinanuniiadu carbopol agvlisfuisSuiiarunilaiianasuan
Fadunasnanenudunsa-in vesasadndadt lneda pH Junsa Fedawase
AMUALFIYR carbopol Id ansiinanuniafimunzailuniswioudSuesuii
asatndandsdesdinuauiAviannsonunsald Tiud HPMC Fadlonauansaimdai
Tushusudisl HPMC wudeaminanadlinniflodieutumnminvesifuiesy
wa wosohlufuiianngens 9 Wunan 14 Fu wud1 anuviavesdifusunn
M3udaranasanaamiadudy uansliduiianduanuniangueyiusves
cellulose ANARBANHULENIIAIUNIEAIN LU AUNTA wazAUTENdBN1IYY
(fudum snayse, 2560) Sadoiesuiimnuniafivnngay nifldde demasuu
RrgAnifu Funuinléd dwasiliAnfaldunuiulaglavilisinmieldavieio
Dunauannnisifinszeziiatduia (contact time) veawsuliiundndne il

v

Usgdnsnnlunisuanuassansydrfguinau
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A151971 2 Pnamilauazan pH TesEnsielausazYnnd NIz
Carbopol Carbopol Carbopol
NAN1INADU HPMC
934 ultrez 10 ETD 2020
ALTNTL (%) 0.400 0.300 0.400 2%
Anadeauvianeuns 4,505 5,103 5,752 5,780.50
NARDUANIZLIY (cPs) + 400.93 + 104.65 + 267.99 +125.16
ANIURTANEINITVIAGDU 3,159 4,023 1,298 5012
A0172L39 (cPs) + 385.25 + 104.05 + 186.56 +105.24
pH NBUNITNAABUANIIZLIY 7.0 7.2 7.0 6.00
pH %AINITNAAOUANTIIZLI 7.0 7.2 7.0 6.30

3. MymgasinsuleiunlasadiadudidnesainnisAaiiensifuie sy

dl A o v da i a | °o o o &
LUBVILAUNZAUADMTUNUAITNBLAATUA HPMC 2% @IUANTULSIUVNINENATANARNLU

dnadluin arslilvianuudu (humectant) 4%, wazarsiuide 1% w/w 311U

lunegeuanuasidlaeivluaniizeing q Ngamgivies 8 °C uay 45°C

AN 14 UAAINARIAIIISN 3 Wag JUT 2

(%

ANty

;s'd‘i?i 2

n) Juisui 2) vduAufignmgivies A) naaiy

U7 10 2

o

U

(% @
1) ANy

o
N

=

Ngaun

UEVINEAINLALATITD SULLSUA B dnasluaniznige

=

NN

9 u

i 8 °C

a

45 °C

u
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A5199 3 ANWAUENNNIYAINLAZN ALV USUNT HPMC

ANWAIZNIINIYATWLASNIAT

Fuil Aladsadnuvin - . .
pH d ANvaIYSY
(cPs)

FuiFusu 5569.00 + 444.06 630  dewes  la, Luuentu
wiuAuiioamgiives 4909.00 + 1838  6.00  wiewmes g, laduentdu
wﬁuﬁuﬁqmmﬁ 8 °C 4486.50 + 139.30  6.00  WARMBY  bd, hlwandu
viaAuigumadl 45 °C 4531.50 = 7.78 6.00 demes la, lduentdu

A3UNAN13IY

dugdnenduayulnsidassnguunuigauisadiunlduisasaniglavs

melukagniguen wunarsainandugrd@nesanamerdgnsiueuyadasy

v A

- & A ) a ¢ ¢ £ =~ '
Wesniuayulnsnilansd Ay iinausslovilannungsauiagnsniaginineng 9
drundndauiasunuinguansiinanuniinfie HPMC WWunguayiusves cellulose
nszanelantuin audnvueiiawawazidiiulifniuesrussnaulusnSuisanunse
° =~ I A v & @& A o a vy o A [ oA o w

nwSeudundndusiesuieusiimilduasdaden pH eglugiiiansdfnyves
O 1A v Y va L= v v 3 = o v 1 a B 1

dandnesnsaled wardudrdnesgnanametiTalanulasadesieiavg agals
< ao A = L v o @ v A o ey S a o
Anun1s3deilidunsfinuitesiu ndudemaaeundnduaniniuaadyinel wagyin
n1svaaevlugadinisidsvsodninaaswialy WenunnuazauUasniuves
a o ¢ I Y o 41' ° Y o

nansd lnedulumudemnunvesaiesdronsmanayulnsuasdomvuaniy

UINTFIUVBY 1SO

ANRNISUUIZAA

YBUDUAIINY 3/.05.93941 Aagou 81913631n I3 Nndvaiinazmnalulag

va

WndnsTILazITeniuANAMsIndYeans ininenduguasiysnd Alalieiuuedn

wazinallarne q 3uda3sn19vinITeluasaiaudnsaaanliiefuazeveunmnn

[

Wndyenans urnIne1deguasvsnll Nlalianueyasizilunisldniedieniies

4
aa Y

UURN599 9 vevauAMIN Bl NilaaeY
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