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Abstract

The density of a watermelon floating in a container of water is estimated with a simplified method from theoretical
geometry without consideration of three —dimensional effects. The watermelon was approximated as a sphere.
The results of the theoretical geometry can be compared with the results from the laboratory and the result can be

introduced to physics classes.

Keywords : density estimation, theoretical geometry,
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between Dw and D,,

Watermelon D"' D,- I P,
w1 12 13.7 0.87 0.83
w2 10.3 11.6 0.88 0.82
w3 11 13 0.84 0.86
w4 11.2 13.5 0.83 0.87
w5 11.5 13.6 0.84 0.86
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Figure 5 Radius on the photograph is BD while the

camera is on A and no light refraction at D
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Figure 6. Diameters on the photograph as D, = 11.5
cmand D, = 13.5cm
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Table 2 Estimation Pm by considering the spatial
separation between Dw and Dr but no the

refraction at water surface

Watermelon w 7 u P,
w1 6 7.5 0.80 0.89
w2 5.15 6.2 0.83 0.87
w3 55 71 0.77 0.91
W4 5.6 7.4 0.75 0.92
W5 5.75 7.4 0.77 0.91
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Table 3 Verification of watermelon density from Archime-

des’ principle

A (cm) B (cm) m(kg) V(L) P,
16.42 16.71 212 2177 0.97
14.64 14.80 1.53 1.450 1.05
16.48 16.56 2.04 2.225 0.92
15.92 16.24 214 2177 0.97
16.57 16.65 2.16 222 0.97
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Table 4 The density of watermelon from the experiments

Watermelon P P2 Pos
w1 0.83 0.89 0.97
w2 0.82 0.87 1.05
w3 0.86 0.91 0.92
W4 0.87 0.92 0.97
W5 0.86 0.91 0.97
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Abstract

This article presents a review of the techniques for measuring complex relative permittivity and also explains basic
properties for understanding the principle of complex relative permittivity measurement. There are 6 measurement
techniques mentioned in this article. These techniques consist of open-ended transmission line techniques, waveguide
and coaxial transmission line techniques, free space transmission techniques, planar transmission line techniques,
resonator method and resonant-perturbation method. In addition, the advantages, disadvantages and applications of

these measurement techniques are discussed.

Keywords: complex relative permittivity, open-ended transmission line, waveguide and coaxial transmission line, free
space transmission, planar transmission line, resonator, resonant-perturbation.
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Abstract

The traditional utilization of medicinal plants is derived from indigenous peoples and may be integrated with local
cultural beliefs or ethnic groups. This study aimed to study the species diversity and utilization of medicinal plants of
the Kuoy Tribe in Khok Khu Khat - Ban Khu Si Chae community forest, Phrai Bueng district, Si Sa Ket Province. The
field survey was done by quadrant sampling using a plot size of 20 x 20 meter? for a period of a year in two seasons.
Including wet and dry seasons, dry season between December 2016 to May 2017 and wet season between June to
November 2016. The collected information was evaluated for plant density, relative density, frequency, relative
frequency, dominance, relative dominance, important value index, diversity index, evenness index and interviewing
local practitioners in the community. The results showed that the medicinal plants species Khok Khu Khut community
forest for two seasons, were identified into 43 families with 75 species, including 40 families with 68 species in the dry
season and 43 families with 75 species in the wet season. The most importance value index (IVI) values of the plants
were Erythophleum succirubrum Gagnep., Melodorum fruticosum Lour., Canarium subulatum Guill. and Peltophorum
dasyrachis (Miq.) Kurz. with 26.17, 25.40, 22.44, and 15.17, respectively, in the dry season and 25.58, 25.15, 21.99,
and 15.13, respectively, in the wet season of IVI values. The evenness index value of both seasons was 0.83
meaning that the medicinal plant species in the community forest area had high evenness. From traditional utilization

of medicinal plants informant consensus factor (ICF) data, there were 54 medicinal plants used for treatments of 27

symptoms.

Keywords : species diversity, utilization, community forest, ethnic groups, tradition
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Figure 1 Khok Khu Khat - Ban Khu Si Chae community forest.
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Table 1 Medicinal plants in Khok Khu Khat - Ban Khu Si Chae community forest
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commom name Kuoy name Family Plant species fl:i:/:]
Kra caea Ma neng yeiy RUTACEAE Hesperethusa crenulata (Roxb.) M. Roem. T
Kra done Kan txI LECYTHIDACEAE Careya arborea Roxb. T
Krabk La kay IRVINGACEAE Irvingia malayana Oliv.ex A.W. Benn. T
Klwytea Xa tern ANNONACEAE Polylthia debilis Finet & Gagnep. H
Kling klang dng Xa pxng MENISPERMACEAE Stephania venosa (Blume) Spreng T
Kaphaeng ced cha Way Way CELASTRACEAE Salacia chinensis Linn. T
turmeric Ra hmud hlung BERBERIDACEAE Mahonia siamensis Takeda. H
Kha pa Ta ling kexa ZINGIBERACEAE Alpinia malaccensis (Burm. f.) Roscoe G
Khixn Khixn MALVACEAE Pavonia rigida (Wall. ex Mast.) Hochr. S
Khem khaw Yeiyn la beaa RUBIACEAE Pavetta tomentosa Roxb. ex Smith S
Khem daeng Yeiyn la ka sea RUBIACEAE Ixora lobbii Loudon T
Khelng / nangdum Khal la khe Ing CAESALPINIACEAE Dialium cochinchinense Pierre. T
Korlan Kor rn SAPINDACEAE Nephelium hypoleucum Kurz. T
Kha mwk hlwng Pa dwng RUBIACEAE Gardenia sootepensis Hutch. T
Kha rxk ( tan kk rd ) mad cem pru CONNARACEAE Ellipanthus tomenosus Kurz. T
Khae hawhmu Cha cha krx y BIGNONIACEAE Markhamia stipulata Seem. var. stipulata T
Ngiw pa tx | ka BOMBACOIDEAE Bombax anceps Pierre var. anceps T
Cha mwng Khal ta mung GUTTIFERAE Garcinia cowa Roxb. ex Choisy T
Daeng Pra MIMOSACEAE Xylia xylocarpa (Roxb.) Taub. T
Tako na tang ko EBENACEAE Diospyros rhodocalyx Kurz. T
Ta khrx Ka po SAPINDACEAE Schleichera oleosa (Lour.) Merr T
Tiw khaw ra ngaeng beaa HYPERICACEAE Cratoxylum formosum (Jacq.) Benth. & Hook.f. T
Tiw daeng ra ngae ngk ra sea HYPERICACEAE Cratoxylum cochinchinense (Lour.) Blume T
Tum ka khaw Pa waea STRYCHNACEAE Strychnos nux-blanda A.W. Hill T
Teng/ cik Ka ra bxng DIPTEROCARPACEAE  Shorea obtusa Wall. ex Blume H
Theayaymxm Xa bu kexa DIOSCOREACEAE Tacca leontopetaloides (L.) Kuntze T
Nom khway / phi phwn Cae m kern ANNONACEAE Uvaria rufa Blume H
Nom noy Mo m mom ANNONACEAE Polyalthia evecta (Pierre) Finet & Gagnep H
Buk khangkhk Xa bu kud ta ARACEAE Amorphophallus paeoniifolius (Dennst.) Nicolson H
Buk xi rxk Xabu ARACEAE Amorphophallus brevispathus Gagnep. T
Pra du pa Ka hluy PAPILIONOIDEAE Pterocarpus macrocarpus Kurz. T
Px kaen thea Periyng TILIACEAE. Grewia eriocarpa Juss T
Phyarakdeiyw Phyarakdeiyw SIMAROUBACEAE Eurycoma longifolia Jack. T
Phixng hemux Yeaa hemu d MELASTOMATACEAE  Memecylon edule Roxb. C
Phlu chang Bu xa ceiyng ARACEAE Scindapsus officinalis (Roxb.) Schott T
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Table 1 Medicinal plants in Khok Khu Khat - Ban Khu Si Chae community forest (Cont.)

J Sci Technol MSU

commom name Kuoy name Family Plant species Wet Live
Season from
Pha yxm Bul pea DIPTEROCARPACEAE Shorea roxburghii G.Don. + T
Pha yung Khah yung LEGUMINOSAE Dalbergia cochinchinensis Pierre. + T
Phan sad Ke ri ya CAESALPINIACEAE Erythophleum succirubrum Gagnep. + C
Phul pa Blu xa ceiyng PIPERACEAE Peper betle Linn. + H
Makla tn Xa rux MIMOSOCEAE Adenanthera pavonina Linn. + T
Makxk keluxn Ka ceng BURSERACEAE Canarium subulatum Guill. + T
Makhangdaeng / ma kang  Buk ra sea RUBIACEAE Dioecrescis erythroclada (Kurz) Tirveng. + T
Makhatae Kaka CAESALPINIACEAE Sindora siamensis Teijsm.ex Miq. + T
Manaw pa Koy ke aa RUTACEAE Atalantia monophylla DC. + T
Ma phxk ta hlaw a CHRYSOBALANACEAE Parinari anamensis Hance + T
Mafi raed trx aki SANTALACEAE Parinari anamense Hance. + T
Mamwng pa Khal sa hway ANACARDIACEAE Mangifera coloneura Kurz. + T
Mamwng haw maengwan - ANACARDIACEAE Buchanania cochinchinensis (Lour.) + T
M.R.Almeida
Wan phil Hiphl ZINGIBERACEAE Zingiber montanum (J.Koenig) + T
Link ex A.Dietr.
Sadea Sa tang MELIACEAE Azadirachta indica A. Juss + T
Saemsar / khihelk pa Sang kan kexa CAESALPINIACEAE Senna garrettiana (Craib) + T
H.S.Irwin & Barneby
Hyangwng chang Ta boy xa cung POACEAE Heliotropium indicum L. + G
Hya riphaer Tei ya t hea LEGUMINOSAE- Centotheca lappacea (L.) Desv. + G
PAPILIONOIDEAE
Hya hang xn Bad Ixng hlwy BORAGINACEAE Uraria lagopodioides (L.) Desv. ex DC + G
Hya haewhmu Xa pxng li CYPERACEAE Cyperus rotundus Linn. + G
Hwa Kaerng MYRTACEAE Syzygium cumini (L.) Skeels + T
Had Trxy MORACEAE Artocarpus lacucha Roxb. + T
Hun hi Cet mul ERYTHROXYLACEAE Erythroxylum cuneatum (Miq.) Kurz. + T
Xa rang Xa hra ng CAESALPINIACEAE Peltophorum dasyrachis (Miq.) Kurz. + T
Xeueng pa Sob COSTACEAE Costus speciosus Smith. + H
Ho ya Xa wang tuk ka ASCLEPIADACEAE Hoya kerrii Craib + C

Notation: + Presence -

Not Presence

G = Grass H = Herb C = Climber

F = Fern S = Shrub T = Tree CF = Climber fern

Table 2 Shannon and wiener Index (H’), Evenness Index (E)

Shannon and wiener Index(H’) Tree Sapling seeding Total H’ Evenness Index (E)
Day Season 3.081 2.982 3.066 3.492 0.828
wet Season 3.081 2.982 3.189 3.579 0.829
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2. Wan1I@nvIAIaTRANNEIATY (impor-
tance value index, IV1) maaﬁ%ﬁqﬂwﬂuﬁ%ﬁﬂmuﬁu
Tanaua - fhugdue
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ﬁuﬁﬂ']@mﬂﬂﬂgm’m - ﬁm@'%"ua W 2 09 A0 OAUNY
uwaznQHu wuwssadliionua 43 296 75 wiia laglung
WA wssmvlﬁwiuﬁﬁmﬁmﬁmméﬂﬁtymﬂﬁq@ﬁa WHTI9
(Erythophleum succirubrum Gagnep.) Ja9R9INNAa81A %
(Melodorum fruticosum Lour.) mﬂaﬂmgau (Canarium
subulatum Guill.) wazazINd(Peltophorum dasyrachis
(Mig.) Kurz.) euseu lasfiaraniianusamiviniu
26.26, 25.91, 21.6 Waz 15.12 saunssoildfidndoiinina
ﬁﬁﬁ@ﬁﬂﬂﬁg@ﬁauzﬁ?aﬂﬁ (Mangifera coloneura Kurz.)

wazNedth (Jasminum nervosum Lour.) TaRArauiaa

fMOWINY 0.27 AWEGU UaznQH wyraldfidudia
@hé’fmﬁmméﬁﬁtyu’mﬁq@ﬁa WWD@ Erythrophleum
Succirubrum Gagnep.) T98901fa 8197% (Melodorum
fruticosum Lour.) u:ﬂanmgau (Canarium subulatum
Guill.) uazaz3d (Peltophorum dasyrachis (Miq.) Kurz.)
aEGL rmdsiuiunauds lasfddnianuddny
\WINAY 25.08, 24.78, 21.59 WAz 14.86 @1NAQU
daumsmvlﬁﬁ@hﬁﬂnﬁmméwﬁ@ﬁaﬂﬁqmﬁamﬁﬂ']
(Alpinia  malaccensis (Burm. f.) Roscoe .) Una3an
(Amorphophallus paeoniifolius (Dennst.) Nicolson) 3z
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nervosum Lour.) Tafidn@nfianudidniviiny 0.25
(Figure 2 Llaz Table 3)

Figure 2 The importance value index (IVI) of medicinal plants in Khok Khu Khat - Ban Khu Si Chae community forest

(A) Erythophleum succirubrum Gagnep.

(C) Canarium subulatum Guill.

(B) Melodorum fruticosum Lour.

(D) Peltophorum dasyrachis (Miq.) Kurz.

Table 3 Relative frequency (RF), relative density (RD), relative dominance, (RDo) and importance value index (IVI)

of medicinal plants in Khok Khu Khat - Ban Khu Si Chae community forest

Season Plants species RD RF RDo \Y|

Erythophleum succirubrum Gagnep. 8.06 4.43 13.77 26.26
Melodorum fruticosum Lour. 14.99 4.66 6.26 25.91

Dry Season Canarium subulatum Guil. 488 3.99 12.75 2162
Peltophorum dasyrachis (Miq.) Kurz. 2.98 3.33 8.82 15.13
Mangifera coloneura Kurz. 0.05 0.22 0 0.27
Jasminum nervosum Lour. 0.05 0.22 0 0.27
Erythophleum succirubrum Gagnep. 7.08 4.24 13.77 25.08
Melodorum fruticosum Lour. 13.85 4.66 6.26 24.78
Canarium subulatum Guill. 5.03 3.81 12.75 21.59

Wet Season
Peltophorum dasyrachis (Miq.) Kurz. 2.64 3.39 8.82 14.86
Mangifera coloneura Kurz. 0.04 0.21 0 0.25
Jasminum nervosum Lour. 0.04 0.21 0 0.25
Alpinia malaccensis (Burm. f.) Roscoe . 0.04 0.21 0 0.25
Amorphophallus paeoniifolius (Dennst.) Nicolson 0.04 0.21 0 0.25
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\iin) lapsauazvasfirayulng ﬁ;ﬂﬁﬁagaﬁwdﬂ"ﬁﬁmﬁ@
slunssnenlsaidenin (Fidelity level : FL) fdaud 0
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Table 4 Disease categories, Informant consensus factor (ICF) and Fidelity level (FL) for folk uses of importance

medicinal plants

Ailment categories ICF

commom name

Plant species FL (100%)

Blister/ Burn/ ulcer 1.00 Wan hangcrakhe

Managing Bone Cancer Pain 1.00

mumps 1.00 Lin kwang

bleeding/ wound 0.92 Sab seua

Phlu
giddiness 0.80 Kherue somlom
Khxy
Human fuel: food that nourishes 0.76

the body

Yanang

Bxraphed

Yang na
Luktaibui
Krawan

Tiw khaw

Kadlin ( lum yai pa)

Galactagogue 0.75 Yang na
Kluai num wa

Num nang

Khs mox khlwng ( khi-

nea)
cough 0.71 Makham pom
Lin kwang
Sompoi
0.69

Can help balance sex hormones. Wan phil

Hya riphaer

Wan chak modluk

Thxng phan chang

Aloe vera (L.) Burm.f 67
Rhinacanthus nasutus (L.) Kurz. 67
Ancistrocladus tectorius. (Lour.) Merr. 33
Chromolaena odorata (L.) R.M.King & H.Rob. 100
Piper betle Linn. 100
Aganonerion polymorphum Spire 67
Streblus asper Lour. 80
Limacia triandra Miers 25
Tinospora crispa (L.) Miers ex Hook.f.& 94
Thomson
Dipterocarpus alatus Roxb. ex G.Don. 25
phyllanthus amarus Schum & Thonn 30
Amomum verum Blackw 50
Cratoxylum formosum (Jack.) 100
Walsura trichostemon Miq. 50
Dipterocarpus alatus Roxb. ex G.Don. 38
Musa sapientum L. 33
Xantolis cambodiana (Pierre ex Dubarb) 100
P.Royen
Gardenia sootepensis Hutch. 40
Phyllanthus emblica L. 100
Ancistrocladus tectorius. (Lour.) Merr. 67
Acacia concinna (Willd.) D.C. 29
Zingiber montanum (J.Koenig) Link ex A. 10
Dietr.
Centotheca lappacea (L.) Desv. 100

Curcuma xanthorrhiza Roxb. 100
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Table 4 Disease categories, Informant consensus factor (ICF) and Fidelity level (FL) for folk uses of importance

medicinal plants (Cont.)

Ailment categories ICF commom name Plant species FL (100%)
Tabtea ton Diospyros ehretioides Wall. ex G. Don. 40
Kwao kruea khao Pueraria candollei Graham ex Benth. var 100
mirifica
insomnia 0.67 Khihelk Senna siamea (Lam.) H.S.Irwin & Barneby 50
Sa dea Azadirachta indica A. Juss 50
fever 0.60 Sompoi Acacia concinna (Willd.) D.C. 43
Marum Moringa oleifera Lam. 50
Fa thalay cor Andrographis paniculata (Burm.f.) Nees 100
Yanang Limacia triandra Miers 50
Tabtea ton Diospyros ehretioides Wall. ex G. Don. 20
Lukbti bai phyllanthus amarus Schum & Thonn 57
Easing muscle aches 0.50 Khmin pa Gymnopetalum integrifolium (Roxb.) 100
Pain Kad lin ( Lum yai pa) Walsura trichostemon Miq. 50
Wan phil Zingiber cassumunar Roxb. 30
Som poi Acacia concinna (Willd.) D.C. 14
Take poisonous food 0.50 Noyhna Annona squamosa L. 100
Phang khi Croton crassifolius Geiseler 50
Yang na Dipterocarpus alatus Roxb. ex G.Don. 25
Ya haw ( khaw yen ti) Smilax glabra Roxb. 100
Khs mox khlwng ( khi-
nea) Gardenia sootepensis Hutch. 60
Tabtea ton Diospyros ehretioides Wall. ex G. Don. 40
Aphthous ulce 0.20 Roselle Hibiscus sabdariffa Linn. 50
Yanang Tiliacora triandra Diels 25
Phakhwan Melientha suavis Pierre 100
Luk ti bi phyllanthus amarus Schum & Thonn 14
Kherux hma noy Cissampelos pareira L. 100
Thirsty 0.20 Makok Spondias pinnata (L.f.) Kurz. 100
Smo thiy Terminalia chebula Retz. var. Chebula 50
Bora phed Tinospora crispa (L.) Miers ex Hook.f.& 6
Thomson
Kherue som lum Aganonerion polymorphum Spire 33
Cha mwng Garcinia cowa Roxb. 33
hypertension 0.00 Yahang deang Bauhinia strychnifolia Craib 100
Marum Moringa oleifera Lam. 50
toothache 0.00 Nam keliyng /rak hiy  Gluta usitata (Wall.) Ding Hou 100
Khoy Streblus asper Lour. 20
Yang na Dipterocarpus alatus Roxb. ex G.Don. 13
Manaw pa Atalantia monophylla DC. 50
vermifuge 0.00 Makelux Diospyros mollis Griff 100
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Table 4 Disease categories, Informant consensus factor (ICF) and Fidelity level (FL) for folk uses of importance

medicinal plants (Cont.)

Ailment categories ICF commom name Plant species FL (100%)

Respiratory disease 0.00 Manaw pa Atalantia monophylla DC. 50
Wan phil Zingiber cassumunar Roxb. 10
Takhir Cymbopogon citratus Stapf. 25

sting 0.00 Takhisaled phang Barleria lipulina Lind| 50
phon

Motion Sickness 0.00 Bai baw bok Centella asiatica Urban 100

hemorrhoids/piles 0.00 Wan hangcrakhe Aloe vera (L.) Burm.f 33

Malnutrition 0.00 Hunhi Erythoxylum cuneatum (Miq.) Kurz. 50

neanIi Il ladfrayulnives
ngum@iuine lumsinmeimslse wuizayulns F9mua
54 fla waznnuamIsIRTayulnsluthzusulang
29 - ﬁ’mﬂ?{m woRrayulng Vanue 75 Tiia 39
Fanaa 112 %ﬁ@‘[mﬁﬁmyﬂwsﬁf,%ﬁ'mwuﬁu'ﬂuﬂ’rgmu
langaa - ﬁmﬂ’ém} LLa:ﬁmmguvlwsﬁmiumaﬁuﬁ:Qmﬁh
anlFseTomd Adloniu wenuadiwin 16 oia ldun
WUANY VAWAADS TUREN AUONMAS T=N 522 qu
M WNE WY Fwlwa uzwnih g Snlna wn
M9z uazngIunT wasirayulwsnuanisly

Uselozdfzayulnsvaindum@iuinyg uazanuanis
smafzayulnsluthgusulangua - ﬁm@ﬁua} Ung
agluduslunFmamnayulnsawnemanludy’
WU BT MAA L NTINMINMUITZUUEURITIA W.a.
2561 $1wan 23 wha ldun nazlenuas Nz ndaw
i nawn SunaFatu aiiu 39 dindnth TEWG 183
Wuda whenosen wawed vasziie lutiun wanmn
e Wy uzanuiay 1ue 193a Iunsasad dutles

aualny unznauwIny (Table 5)

Table 5 Medicinal Plants and Utilization of Medicinal Plants of Kuoy Tribe in KhokKhuKhat - Ban Khu Si Chae com-

munity forest

Find
commom name Plant species
Forest village

Roselle* Hibiscus sabdariffa Linn. 4
kra caea Hesperethusa crenulata (Roxb.) M. Roem. v
Kra done Careya arborea Roxb. v
Krabok Irvingia malayana Oliv.ex A.W. Benn. 4
Krawan Amomum verum Blackw v
Klwytea Polylthia debilis Finet & Gagnep. v 4
Kluai nam wa * Musa sapientum L. v
Kling klang dong Stephania venosa (Blume) Spreng v
Kwao kruea khao Pueraria candollei Graham ex Benth. var mirifica v
Ka phrao* Ocimum tenuiflorum L. v
Kamphaengcedchan* Salacia chinensis Linn. 4
Turmeric* Gymnopetalum integrifolium (Roxb.) 4
Khmin heluxng /khmin ton Mahonia siamensis Takeda. v 4
Khxy Streblus asper Lour. 4

v

Kha pa

Alpinia malaccensis (Burm. f.) Roscoe
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Table 5 Medicinal Plants and Utilization of Medicinal Plants of Kuoy Tribe in KhokKhuKhat - Ban Khu Si Chae com-

munity forest (Cont.)

Find
commom name Plant species
Forest village

Khing* Zingiber officinale Roscoe v
Khihelk* Senna siamea (Lam.) H.S.Irwin & Barneby v 4
Khixon Pavonia rigida (Wall. ex Mast.) Hochr. v
khem khaw Ixora lucida R.Br. ex Hook.f. v
Khem daeng Ixora lobbii Loudon v
Khelng /nangda Dialium cochinchinense Pierre. v
Khaeyng Limnophila geoffrayi Bonati 4
Khamok hlwng Gardenia sootepensis Hutch. v 4
Khalaen Nephelium hypoleucum Kurz v
Kharok /tan kod Ellipanthu stomentosus Kurz. v
Kherue khawsan Raphistemma hooperianum (Blume) Decne 4
Kherue som lom Aganonerion polymorphum Spire 4
Kherue hmanoy Cissampelospareira L. var. hirsuta (Buch. ex DC.) Forman. 4
Khae hawhmu Markhamia stipulata Seem. var. stipulata v
Ngiwpa Bombax anceps Pierre var. anceps v
Cha mwng Garcinia cowa Roxb. ex Choisy v 4
Chaphlu* Piper sarmentosum Roxb 4
Daeng Xylia xylocarpa (Roxb.) Taub. v
Tako na Diospyros rhodocalyx Kurz v
Takhro Schleichera oleosa (Lour.) Merr v
Takhir Cymbopogon citratus Stapf. v
Tiw khaw Cratoxylum formosum (Jack.) v 4
Tiw daeng Cratoxylum cochinchinense (Lour.) Blume v
Tum ka khaw Strychnos nux-blanda A.W. Hill v 4
Teng /cik Shorea obtusa Wall. ex Blume v
Tabtea ton Diospyros ehretioides Wall. ex G. Don.
Tong phan chang Rhinacanthus nasutus (L.) Kurz 4
Theayaymom Tacca leontopetaloides (L.) Kuntze v
Nmkhway/phiphwn Uvaria rufa Blume 4
Nm noy Polyalthia evecta (Pierre) Finet & Gagnep v
Nm saw /nm nang Xantolis cambodiana (Pierre ex Dubarb) P.Royen v 4
Noy hna Annona squamosa L. 4
Nam keliyng/rak hiy Gluta usitata (Wall.) Ding Hou v v
Bora phed Tinospora crispa (L.) Miers ex Hook.f.& Thomson 4
Buk khangkhk Amorphophallus paeoniifolius (Dennst.) Nicolson v
Buk xirok Amorphophallus brevispathus Gagnep. v
Bi baw bk* Centella asiatica (L.) Urban 4

v

Pradu pa

Pterocarpus macrocarpus Kurz.
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Table 5 Medicinal Plants and Utilization of Medicinal Plants of Kuoy Tribe in KhokKhuKhat - Ban Khu Si Chae com-

munity forest (Cont.)

Find
commom name Plant species
Forest village

Po kaen thea Grewia eriocarpa Juss v
Phakhwanban Sauropus androgynus (Linn.) Merr. 4
Phyarakdeiyw* Eurycoma longifolia Jack. v
Phlong hemuod Memecylon edule Roxb. v
Phlu* Piper betle Linn. v 4
Phlu chang Scindapsus officinalis (Roxb.) Schott v
Phayom Shorea roxburghii G.Don. v
Phayung Dalbergia cochinchinensis Pierre. v
Phang khi* Croton crassifolius Geiseler 4
Phan sad Erythophleum succirubrum Gagnep. 4
Fa thalay cor Andrographis paniculata (Burm.f.) Nees v
Mokla ton Adenanthera pavonina Linn. v
Makok Spondias pinnata (L.f.) Kurz. 4
Makok keluen Canarium subulatum Guill. v
Makelux Diospyros mollis Griff 4
Ma kham pom* Phyllanthus emblica L. 4
Makhang daeng/ma kang Dioecrescis erythroclada (Kurz) Tirveng. 4
Makhatae Sindora siamensis Teijsm.ex Miq. 4
Manaw pa Atalantia monophylla DC. 4 4
Ma phok Parinari anamensis Hance 4
Mamwng pa Mangifera coloneura Kurz. 4
Mamwng haw maeng wan Buchanania cochinchinensis (Lour.) M.R.Almeida 4
Marum Moringa oleifera Lam. 4
Mali pa Jasminum nervosum Lour. v
Mahwd Lepisanthes rubiginosa (Roxb.) Leenh 4
Mok kh erux Aganosma marginata (Roxb.) G.Don. v
Yo pa Morinda coreia Buch.-Ham 4
Yang na Dipterocarpus alatus Roxb. ex G.Don. 4
Yang phlwng Dipterocarpus tuberculatns Roxb. v
Yang heiyng Dipterocarpus obtusifolius Teijsm. ex Mig. v
Yong on Polyalthia viridis Craib 4
Yanang* Limacia triandra Miers v v
Yanang daeng Baubhinia strychnifolia 4
Ya haw /khaw yen ti Smilax glabra Roxb. 4
Rang cud* Thumbergia laurifolia Linn. 4
Lay Microcos paniculata Linn. v
Ka dwn Melodorum fruticosum Lour. v

v

La bid dng

Diospyros filipendula Pierre ex Lecomte.
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Table 5 Medicinal Plants and Utilization of Medicinal Plants of Kuoy Tribe in KhokKhuKhat - Ban Khu Si Chae

Community Forest (Cont.)

Find
commom name Plant species
Forest village

Lamyi pa/kad lin Walsura trichostemon Miq. v
Lin kwang Ancistrocladus tectorius. (Lour.) Merr. v 4
Luk ti bi phyllanthus amarus Schum & Thonn 4
Leb heyiyw Ziziphus oenopolia (L.) Mill. 4

Wan chak mod luk Curcuma xanthorrhiza Roxb. v
Wan phil* Zingiber montanum (J.Koenig) Link ex A.Dietr. 4 4
Wan hang cra khe* Aloe vera (L.) Burm.f v
Sompoy* Acacia concinna (Willd.) D.C. v
Smo thiy* Terminalia chebula Retz. v
Sadea Azadirachta indica A. Juss v v
Sab seux Chromolaena odorata (L.) R.M.King & H.Rob. v
Selad phang phon Barleria lipulina Lindl v
Saemsar / khihelk pa Senna garrettiana (Craib) H.S.Irwin & Barneby v

Hya hang on Uraria lagopodioides (L.) Desv. ex DC. 4

Hyang wng chang Heliotropium indicum L. 4

Hya riphaer Centotheca lappacea (L.) Desv. 4 v
Hya haew hmu* Cyperus rotundus Linn. 4

Hwa Syzygium cumini (L.) Skeels v

Had Artocarpus lakoocha Roxb. v

Hun hi/cet mul Erythoxylum cuneatum (Miq.) Kurz v
Oa rang Peltophorum dasyrachis (Miq.) Kurz. 4

Oeueng pa Costus speciosus Smith. v

Ho ya Hoya kerrii Craib 4

*The medicinal plants in National list of essential medicines 2018 by National Drug System Development Committee
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Abstract

The effect of traditional cooking and in vitro digestion were investigated in four Thai local plants—Sum rong
(Scaphium scaphigerum Wall.), Kum nam (Crateva magna Lour.), Cha muang (Garcinia cowa Roxb.), and Cha kram
(Suaeda maritima L.)—on total phenolic content, total flavonoid content, and antioxidant activity (DPPH, ABTS and
FRAP assay). The results showed that before cooking, Cha muang had the highest antioxidant activity in DPPH, Cha
kram had the highest antioxidant activity in ABTS, and Kum nam had the highest antioxidant activity in FRAP.
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Surprisingly, after boiling for 60 minutes, Kum nam had the highest antioxidant activity in DPPH, ABTS, and FRAP.
Furthermore, total phenolic and total flavonoid content after cooking of Kum nam, Cha muang, and Cha kram were
decreased. However, cooked Sum rong had positive effects on total phenolic and total flavonoid content, and with 60
minutes cooking, Sum rong has the highest content in phenolics and flavonoids. Additionally, four vegetables
after cooking also had antioxidant activity, consisting of DPPH, ABTS, and FRAP. After in vitro digestion, the total
phenolic and total flavonoid content of Sum rong, Kum nam, and Cha muang were increased in range 4%-15% except
for Cha kram. Moreover, the antioxidant activity in DPPH and ABTS after digestion of four plants was increased.

However, the FRAP value of four plants after digestion was decreased. These results demonstrated that cooking

condition and in vitro digestion effect on the polyphenols, flavonoids, and antioxidant activity.

Keywords: Sum rong, Kum nam, Cha muang, Cha kram, Antioxidant activity

Introduction

In recent years, people have turned more attention in
health, especially the role of fruit and vegetables in human
health. Several epidemiological studies have indicated
that a high intake of fruits and vegetables is associated
with a reduced risk of a number of chronic diseases, such
as atherosclerosis and cancer'. Dillard and German
reported that grapes can help to prevent form atherosclerosis,
because they are rich in resveratrol, moreover, red
pepper and ginger have ability to be an anti-cancer'.
Interestingly, not only vitamins and minerals are contained
in fruits and vegetables but essential amounts of
polyphenols are also present, (polyphenols are a group
of phytochemicals recognized as the most abundant
antioxidants in our diet, such as artichoke, leek, and
broccoli*®) Previous study reported that phenolic com-
pounds play an important role in antioxidant activity and
have been correlated to lower incidence for cardiovascular
diseases, cancer, aging, and age-related degenerative
processes, besides the continuously consumption of fruit
and vegetables containing phytochemicals can help the
prevention of diseases’. Therefore, natural antioxidant in
vegetables are involved in defenses against many
chronic diseases such as diabetes, atherosclerosis,
cancer, and cardiovascular diseases”.

Most dietary vegetables are eaten after cooking
in different ways according to the recipes and the culinary
traditions of various countries. Thai local vegetables
consist of many species (more than 150 species), some
of them which can be consumed raw, but some of them

can be consumed after cooking processes, such as boiling,

microwaving, and frying>®. There are many cooking methods
that are used such as streaming, microwaving, frying,
stir-frying which have both profound positive and negative
effects on the quantity and quality of phytochemical
compounds in comparison with fresh ones®’. These cooking
processes would bring about a number of changes in
physical characteristics and chemical composition of
vegetables”®. Additionally, during vegetable processing,
antioxidant breakdown and their leaching into surrounding
water may influence qualitative changes on the antioxidant
activity of the vegetables; for example the antioxidant
activity of kale® and white cabbage® were decreased after
the boiling process, however, the antioxidant activity of
broccoli” was increased after boiling. In other studies
conducted on various vegetables including gourd vegetables
showed that total polyphenol content and antioxidant
activity of the cooked vegetables could be higher or

12 Nevertheless,

lower in comparison to fresh vegetables
cooking time is also correlated with the content of the
reduction of antioxidant, with longer cooking time decreasing
the antioxidant capacity. The effect of variation of different
cooking methods especially thermal treatment have been
reported that the total phenolic content and antioxidant
capacity decreased in kale, spinach, cabbage and
shallots'. Moreover, another study examined choy sum
showed that boiling it for 30 minutes led to continuous
decrease in antioxidant in TEAC method".

The digestion of food in humans can affect the
functional properties of bioactive compounds in foods,
such as functional properties of phenolics, flavonoids and

14,15

antioxidant activity after digestion ™. The change in
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bioavailability of phenolics and flavonoids in dietary
compounds can be caused by the transition from acidic
gastric to the mild alkaline intestinal environment'®. Recent
research has elucidated the functional properties of
phenolics, flavonoids, anthocyanins and antioxidant activity
after in vitro gastrointestinal digestion of vegetables, fruits,
and their extracts'’. Bioavailability is the proportion of food
ingestion that can be absorbed and utilized in the body
and can be affected by many factors, for example,
structural properties of the phytochemicals, pH alterations,
and enzyme activity in the gastrointestinal tract”. A
number of in vitro methods have been used to determine
the bioaccessibility and/or bioavailability of individual
antioxidant compounds such as carotenoids, tocopherols,
or polyphenols in order to isolate compounds which
remain stable and active throughout the digestion and
absorption processes'?. Previous studies reported that
the change of pH effected the change of polyphenols and
flavonoids in grape, which greater in intestine than

stomach™?*

. Many studies reported that thermal processing
can enhance the bioavailability of nutrients after digestion,
for example the bioavailability of cooked carrots provide

more carotenoid than when raw®*?’

. Furthermore, cooked
carrot, amaranth and fenugreek leaves with water at 15
psi for 10 min showed a significant increase in beta-
carotene capacity after in vitro digestion®. Another study
has also reported that cooked herbs showed significant
increases in antioxidant activity after digestion'®. Never-
theless, some cooked plants showed significantly
decreased bioavailability when compared to uncooked"®.
However, very little information is available in the literature
regarding the antioxidant activity of Thai local vegetables
after traditional cooking and in vitro digestion. Therefore,
the objectives of this study were to evaluate four
selected Thai local vegetables regarding the effect of
cooking and in vitro digestion on total phenolic and total

flavonoid, and antioxidant activity.

Materials and Methods
Sample preparation
Four Thai local plants were selected randomly

based on local peoples likely consumption of them as an
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ingredient in their local dishes. The plants were purchased
from local markets. The edible parts of plants were
chopped and then blended into small pieces. All prepared
samples were freeze dried and blended into fine powder
before being stored in zip lock bags at room temperature
for further processing.

Cooking method

The cooking method was based on previous
study with minor modifications®. Cooking was performed
by traditional methods; boiling method using electric stove
and tap water (1:20 (w/v) ratio). The raw plants (20 grams)
were transferred into pots after the temperature reached
the boiling point (100 °C), thereafter raw plants were
cooked for 5, 10, 15, 30, and 60 min. After cooking, the
plants were drained for 10 min and cooled on ice. Then,
cooked plants (20 grams) were homogenized for 1 min
with 100 mL water using a blender. After that, the mixed
homogenate was centrifuged at 10,000 rpm for 20 min
and the supernatant was collected for further analysis
(total phenolic and flavonoid contents and antioxidant
activities).

In vitro digestion

In vitro gastrointestinal digestion was performed
by selecting the best time of selected Thai local plants
which contain high amount of antioxidant content. The
model of the in vitro digestive was based on the method
of Pasukamonset and colleague with minor modifications®,
and the process of in vitro digestion will be done in 2
phases. Phase |, the gastric phase consisted of 3 mL of
porcine pepsin solution (40 mg/mL in 0.1 N HCI) and the
pH was adjusted to 2.0+0.1 and incubated at 37 °C for 1
h in a shaking water bath. Phase Il, the small intestinal
phase was started by adjusting the pH of the gastric
digestion to 5.3 with a combination of 100 mM NaHCO3
and 1.0 N NaOH. Then, adding the small intestine enzyme
solution containing 3 mg/mL of pancreatin and 2 mg/mL
of bile acid. The final sample was adjusted pH to 7.2+0.1
volume standardize to 20 mL with 0.1 M PBS and
incubated at 37 °C for 2 h in shaking water bath. After
completion of the small intestinal phase, the samples were
centrifuged at 3000 g for 30 min at 4 °C. The supernatant

was collected, filtered and measured for antioxidant
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activities.

Total phenolic content

The total phenolic content was determined based
on previous study with minor modifications®. Both raw
and cooked plants and after in vitro digestion were
extracted with 100 mL of water, homogenization using
blender for 1 min. The supernatants (10 pL) were mixed
with 90 pL of Folin-Ciocalteu reagent and incubated in
the dark at room temperature for 5 min. After incubation,
100 pL of sodium carbonate was added and incubated
in the dark at room temperature for 5 min. Then, the
absorbance was measured at 750 nm using a spectro-
photometer. Total phenolic content was expressed as mg
gallic acid/100g fresh vegetables using the linear equation
based on standard calibration curve of the gallic acid
(0.02-1 mg/mL).

Total flavonoid content

The total flavonoid content was determined
based on previous study with minor modifications®. Both
raw and cooked plants and after in vitro digestion were
extracted with 100 mL of water by homogenization using
a blender for 1 min. 10 pL of supernatants were added
to 1.5 mL microtube, followed by 30 pL of 5% sodium
nitrate. After incubation for 5 min, 30 pL of 10% AICI3
solution was added. Then, 200 L of sodium hydroxide
and 240 pL of deionized water were added. The mixture
was mixed using a vortex mixture and 150 L of components
were pipetted into a microplate. The absorbance was
measured immediately at 540 nm using a spectrophotometer.
Total flavonoid content was expressed as mg catechin/100g
fresh vegetables using the linear equation based on
calibration curve of catechin (0.02-1 mg/mL).

Antioxidant activities

1,1-diphenyl-2-picrylhydrazyl radicals scav-
enging activity (DPPH)

The free radical scavenging activity was
estimated using the DPPH method with minor modifications®.
Both raw and cooked plants and after in vitro digestion
were extracted with 100 mL of water by homogenization
using a blender for 1 min. For antioxidant assay, 10 uL
of supernatants were added to 90 yL of DPPH solution

(0.2 mM in ethanol) and incubated in the dark at room

J Sci Technol MSU

temperature for 30 min. The decrease in the solution
absorbance was measured at 515 nm using a spectro-
photometer. Ascorbic acid (0.002-0.1 mg/mL) was used
and was prepared using the similar procedure. The DPPH
radical scavenging activity was expressed as mg ascorbic
acid/100g fresh vegetables.

2,2'-azino-bis(3-ethylbenzthiazoline-6-su|fonic
acid) (ABTS)

The ABTS radical-scavenging activity was
determined according to Chayaratanasin et al. with minor
modification”’. Both raw and cooked plants and after in
vitro digestion were extracted with 100 mL of water by
homogenization using a blender for 1 min. For antioxidant
assay, the radical cation (ABTS™) was prepared by
mixing ABTS stock solution (7 mM in water) with 2.45
mM potassium persulfate. The mixture was incubated
in the dark at room temperature for 12-16 hours. For
measurements, the ABTS™ solution was diluted with 0.1
M PBS, pH 7.4 to an absorbance of 0.700+0.020 at 734
nm. 10 pL of supernatants were added to 90 uL of ABTS™
solution and incubated in the dark at room temperature
for 6 min. The decrease in the solution absorbance was
measured at 734 nm using a spectrophotometer. The
ABTS scavenging activity was expressed as mg
Trolox/100g fresh vegetables.

Ferric ion reducing antioxidant power (FRAP)

Ferric reducing antioxidant power (FRAP) was
determined according to Chayatanasin et al. with minor
modification”’. Both raw and cooked plants and after in
vitro digestion were extracted with 100 mL of water by
homogenization using a blender for 1 min. For antioxidant
assay, the FRAP reagent was prepared from 0.3 M
sodium acetate buffer solution (pH 3.6), 10 mM 2,4,6-
tripyridyl-S-triazine (TPTZ) in 40 mM HCI, and 20 mM
FeCI3 in a ratio of 10:1:1 (v/v/v). The supernatants (10
pL) were mixed with 90 pyL of FRAP reagent and
incubated in the dark at room temperature for 30 min.
The decrease in the solution absorbance was measured
at 593 nm using a spectrophotometer. The antioxidant
activity was expressed as mg ferrous sulfate/100g fresh
vegetables based on calibration curve of ferrous sulfate

(0.02-1 mg/mL).



Vol 38. No 3, May-June 2019

Statistical analysis

The data were expressed as mean * standard
deviation (SD) of three replicates. The results were
analyzed using one-way ANOVA. Differences between
means were evaluated using Duncan’s new multiple range
test and statistical significance was tested at P<0.05. The
comparison between two groups was analyzed using
paired sample t-test and statistical significance was

tested at P<0.05.

Results and Discussion

Total phenolic content and total flavonoid
content

The total phenolic content and total flavonoid
content of the four selected Thai local plants (Sum rong,
Kum nam, Cha muang, and Cha kram) are described in
Table 1 and Table 2. The total phenolic content (Table
1) and total flavonoid content (Table 2) of each plant were
significantly different (P<0.05). The total phenolic content
of raw plants ranking was: Cha kram > Kum nam > Sum
rong > Cha muang. The raw state of Cha kram had the
highest total phenolic content (0.78+0.03 mg gallic
acid/100g fresh vegetables), while Cha muang had the
lowest total phenolic content (0.11+0.01 mg gallic
acid/100g fresh vegetables). The total flavonoid content
of raw vegetables ranking was: Sum rong > Kum nam >
Cha muang > Cha kram. Raw Sum rong had the highest
total flavonoid content (1.49+0.04 mg catechin/100g fresh
vegetables), while Raw Cha muang had the lowest total
flavonoid content (0.10+0.01 mg catechin/100g fresh
vegetables).

After the cooking process, the total phenolic
content and total flavonoid content of four local plants
were significantly decreased in the increasing in cooking
time. However, total phenolic and flavonoid content of
Sum rong were significantly increase in the increasing in
cooking time. Previous study reported that longer cooking
time was correlated with the content of the reduction of
total phenolic content, besides the breakdown of
phenolic compounds, the change in cell structure and
food matrix can also cause the loss of phenolic content

during cooking”'®. Nevertheless, cooking temperature,
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pressure, and time can lead to the change of chemical
composition and physical structure of foods in order to
increase the number of phenolic contents®. Another
previous study reported that the increase of phenolics
and flavonoids triggered by the increased level of free
flavonols®

Antioxidant activity

The antioxidant activity of the four selected Thai
local plants is shown in Figure 1. The DPPH radical
scavenging activity in the raw plants was in range 0.59-
3.07 mg ascorbic acid/100g fresh vegetables. The raw
Cha muang had the highest DPPH radical scavenging
activity (3.07+0.04 mg ascorbic acid/100g fresh vegetables),
followed by Kum nam, Cha kram, and Sum rong. The
highest ABTS scavenging activity in the raw plants was
discovered in Cha kram (1.52+0.03 mg Trolox/100g fresh
vegetables), followed by Cha muang, Kum nam, Sum
rong. The FRAP value of the raw plants was in range
0.74-2.16 mg FeSO4/1OOg fresh vegetables, and the rank
of FRAP value of the raw plants was: Kum nam > Cha
kram > Sum rong > Cha muang. This study showed that
the same cooking method produces different effects on
antioxidant activity.

The antioxidant activity—DPPH (figure 1a), ABTS
(figure 1b), and FRAP (figure 1c)—after cooking was
decreased in the increasing in cooking time. Previous
study reported that cooking duration affected antioxidant
capacity due to the change of texture, color, structure,
and nutrition value™. However, Sum rong showed the
increased in antioxidant activity during the cooking pro-
cess in the increasing in cooking time, comparing with
the raw. Previous study reported that the increased of
antioxidant capacity can cause by the reduction of the
matrix softening and the formation of the new molecules™.
Lutz and colleague reported that boiled artichokes had
increased their antioxidant activity3°. Furthermore,
different vegetables contain different compounds, which
some compounds able to tolerate with thermal but some

are not'®'

. Thus, different vegetables cooked with the
same cooking method may have different effects of

antioxidant capacity.
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Total phenolic content and total flavonoid
content after in vitro digestion

The effect of in vitro digestion on total phenolic
content and total flavonoid content of the four selected
Thai local plants are described in Table 3. The phenolic
content after in vitro digestion ranking was Kum nam >
Sum rong > Cha muang > Cha kram. Kum nam had the
highest total phenolic content (0.50+0.02 mg gallic
acid/100g fresh vegetables). However, in vitro digestion,
Kum nam showed no significantly different in total
phenolic content compared to cooked Kum nam. Cha
kram had no presented in total phenolic content,
however, cooked Cha kram showed the significantly
different compared to in vitro digestion cha kram. The
total flavonoid content after in vitro digestion ranking was
Sum rong > Kum nam > Cha muang > Cha kram. Sum
rong had the highest flavonoid content (1.97+0.05 mg
catechin/100g fresh vegetables) after in vitro digestion,
besides Sum rong also showed the significant difference
between cooked and in vitro digestion. In contrast, Cha
kram had no presented in total flavonoid content, and it
showed the significant difference between cooked and in
vitro digestion.

The total phenolic content and total flavonoid
content after digestion of three plants (Sum rong, Kum
nam, and Cha muang) showed the increasing levels in
both contents compared to cooked plants without diges-
tion. In addition, Sum rong, Kum nam, and Cha muang
were increased in phenolic content of 15%, 5%, and 4%,
respectively, and were increased in flavonoid content of
33%, 14%, and 3%, respectively. However, only Cha kram
showed no presented in phenolic and flavonoid content
compared to cooked state without digestion. Previous
study reported that bioavailability of active compounds,
such as phenolics depended on various factors including
chemical state of the compound, plant matrix and interac-
tions with macromolecules e.g. enzymatic activity”.
Another study reported that after digestion, broccoli
showed significant decrease in flavonoid content, because
the pancreatin digestion compounds is associated with
flavonoids which could not cross the dialysis membrane®.
However, the chemical reaction in near-neutral conditions

and the degradation or isomerization could be catalyzed
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by the presence of oxygen and the transition of metal
ions, which can affect the increasing of phenolic content™.

Antioxidant activity after in vitro digestion

The antioxidant activity of the four selected Thai
local plants after in vitro digestion is shown in Table 4.
The DPPH radical scavenging activity after digestion
was in range 0.66-3.41 mg ascorbic acid/100g fresh
vegetables. Kum nam had the highest DPPH radical
scavenging activity (3.41+0.20 mg ascorbic acid/100g
fresh vegetables), followed by Cha muang, Sum rong,
and Cha kram. The percentage of the increase in DPPH
radical scavenging activity of each plant after digestion
was in range 35%-57%. The highest ABTS scavenging
activity after digestion was discovered in Cha muang
(9.69+0.22 mg Trolox/100g fresh vegetables), followed
by Kum nam, Cha kram, and Sum rong. The FRAP value
after digestion was in range 0.26-0.35 mg FeSO4/‘IOOg
fresh vegetables, and the rank of FRAP value was: Kum
nam > Cha muang > Sum rong > Cha kram.

The comparison of antioxidant activity of four
plants between cooked and in vitro digestion, DPPH and
ABTS reported a significant increase in all plants after
digestion. However, FRAP value showed a significant
decrease in all plants after digestion. Previous study
reported that the increasing of antioxidant capacity after
digestion caused by the nature of food matrix', the
change of enzymatic activity'’, and chemical actions
during the digestion process contribute to the extraction
of bioactive molecules from the food matrix®. In addition,
the pH alteration can affect the increase of antioxidant
activity, it has been reported that the antioxidant capacity
of some fruits was increased after digestion because of
the pH alteration, which pH can affect the change in
structure of molecules®. Nevertheless, FRAP is the only
method that effects the decease of antioxidant activity
after digestion of four plants. The results from present
investigation are in agreement with Neto and colleague
who reported that the decreasing of FRAP value may due
to the synergistic effect between phenolic compounds
released from the plant matrix during digestion, which
causes them to contribute the maintenance of reducing

power activity at desirable levels™.



Vol 38. No 3, May-June 2019 The Effect of Traditional Cooking and In Vitro digestion on Total Phenolic and 269
Antioxidant Activity of Selected Thai Local Plants

Table 1 Effect of traditional cooking time on total phenolic content of selected Thai local vegetables

Type of Thai local vegeta- Raw Cooked (mg gallic acid/100g fresh vegetables)

bles (mg gallic 5 min 10 min 15 min 30 min 60 min
acid/100g fresh

vegetables)

Sum rong

(Scaphium scaphigerum Wall.) 0.1620.02° 0.08+0.01° 0.09+0.01° 0.1120.01¢ 0.13+0.01° 0.18+0.02°
Kum nam

(Crateva magna Lour.) 0.72+0.05" 0.45%0.03° 0.42+0.03° 0.36+0.02° 0.33+0.01° 0.29+0.01"
Cha muang

(Garcinia cowa Roxb.) 0.11+0.017 0.05%0.01° 0.03+0.01° 0.03+0.01° 0.02+0.01° 0.020.01°
Cha kram

(Suaeda maritima L.) 0.78+0.03° 0.26+0.02° 0.22+0.02° 0.20£0.01° 0.18+0.01° 0.16+0.01"

Superscript are expressed as significant different in the same raw according to Duncan’s test (P < 0.05).

Table 2 Effect of traditional cooking time on total flavonoid content of selected Thai local vegetables

Type of Thai Raw Cooked (mg catechin/100g fresh vegetables)

local vegetables (mg catechin/100g 5 min 10 min 15 min 30 min 60 min
Sum rong
(Scaphium scaphigerum Wall.) 1.49+0.04 1.36+0.03° 1.25+0.05° 1.07+0.01' 1.3320.01° 1.64+0.03°
Kum nam
(Crateva magna Lour.) 0.54+0.03° 0.34£0.02° 0.28+0.02° 0.23+0.02° 0.18+0.01° 0.14+0.01"
Cha muang
(Garcinia cowa Roxb.) 0.10+0.017 0.09+0.01° 0.07+0.02° 0.05£0.01° 0.03+0.01° 0.01+0.01"
Cha kram
(Suaeda maritima L.) 0.05+0.017 0.02+0.01° ND ND ND ND

ND = not detected. Superscript are expressed as significant different in the same row according to Duncan’s test (P < 0.05).

Table 3 Effect of in vitro digestion on total phenolic content and total flavonoid content of selected Thai local

vegetables
Time (min) Phenolic Flavonoid
Type of Thai local vegetables (mg gallic acid/100g fresh vegetables) (mg catechin/100g fresh vegetables)
Cooked In vitro Cooked In vitro
digestion digestion

Sum rong 60 0.18+0.02 0.33+0.03' 1.64+0.03 1.97+0.05
(Scaphium scaphigerum Wall.)
Kum nam 5 0.45+0.03 0.50+0.02 0.34+0.02 0.48+0.02'
(Crateva magna Lour.)
Cha muang 5 0.05+0.01 0.09+0.01" 0.09+0.01 0.12+0.02
(Garcinia cowa Roxb.)
Cha kram 5 0.26+0.02 ND 0.01+0.01 ND

(Suaeda maritima L.)

ND = not detected. * expressed as significant different in paired sample t-test (P < 0.05)
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Table 4 Effect of in vitro digestion on antioxidant activity of selected Thai local vegetables

Type of Thai local Time (min) DPPH ABTS FRAP
vegetables (mg ascorbic acid/100g (mg trolox/100g fresh (mg FeSO4/1 00g fresh
fresh vegetables) vegetables) vegetables)
Cooked In vitro Cooked In vitro Cooked In vitro
digestion digestion digestion
Sum rong 60 0.74+0.02 1.09£0.07" 0.68+0.01 4.6120.04 0.86+0.01" 0.31£0.02

(Scaphium scaphigerum Wall.)

Kum nam 5 2.84+0.04 3.4110.20° 1.42+0.02 9.58+0.26° 2.00+0.02° 0.35+0.01

(Crateva magna Lour.)

Cha muang 5 1.01+0.02 1.40£0.09’ 1.48+0.02 9.69+0.22" 1.15£0.04 0.34+0.03

(Garcinia cowa Roxb.)

Cha kram 5 0.26+0.02 0.66+0.04" 0.44+0.03 5.50+0.05* 0.41£0.02" 0.26+0.02

(Suaeda maritima L.)

* expressed as significant different in paired t-test (P < 0.05)
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Figure 1 Effect of traditional cooking time on DPPH radical scavenging activity (a), ABTS scavenging activity (b),

and FRAP activity (c) of selected Thai local vegetabl
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Conclusion

The findings from the present study show that the total
polyphenols, flavonoid and antioxidant capacity of
selected Thai local plants are significantly altered after
cooking and digestion. The cooking process of four Thai
local plants (Kum nam, Sum rong, Cha muang, and Cha
kram) has shown an effect on total phenolic and total
flavonoid content, and antioxidant activity. The phenolic
and flavonoid content of Kum nam, Sum rong, and Cha
muang presented after the cooking process, except Cha
kram showed no content after being cooked for 10
minutes. Moreover, the DPPH and ABTS activity of all
four plants was significantly increased after the cooking
process, but the FRAP activity of all four plants was
significantly decreased after the cooking process. After
the in vitro digestion, the total phenolic and total flavonoid
content, and antioxidant activity were raised in all four
Thai local plants. In conclusion, our results demonstrated
the association between cooking methods and health
effects, such as phenolic, flavonoids, and antioxidant
capacity after consumption. An intake of these plants may

help to reduce risk of diseases caused by oxidative stress.
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Abstract

Thalassemia is an autosomal recessive inherited blood disease and a significant health problem in Northeast Thailand
due to the high prevalence of carriers and high incidence of disease. However, the disease can be prevented by blood
testing for thalassemia disease or carriage. This study sought to detect significant thalassemia carriers among health
science students at Mahasarakham University. Venous blood was drawn from 110 health sciences students.
Hematologic parameters were measured. All blood samples were tested for hemoglobin E, hemoglobin type and
quantification of Hb AZ/E using cellulose acetate electrophoresis and anion exchange chromatography, respectively.
Blood samples generating inconclusive results in these tests were further subject to DNA analysis by PCR. The
prevalence of significant thalassemia carriers was 32.7 % (36/110) with O’-thalassemia carrier SEA (- -°**
type 3.6 % (4/110), 5B-thalassemia carrier 0.9 % (1/110) and Hb E carrier 30.9 % (34/110) which is co-inherited with

O’-thalassemia for 3 cases. The gene frequencies of OL-thalassemia, 6B-thalassemia, hemoglobin E were 0.0181,
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among Health Science Students at Mahasarakham University

0.0045, and 0.1636, respectively. This study revealed that significant thalassemia carriage is common (1 in 3) among
MSU health sciences students residing in the Northeast rural area. These students increased their knowledge of
thalassemia significantly after the attendance. By improving knowledge and awareness of this disorder among MSU

medical staff, it should soon be possible to implement a prevention and control program for thalassemia in the

Northeast region.
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NAaN15228

v S

FaNABIFIAN

ﬁ%@mﬂemmmam‘qmmwmﬂmwﬁﬂuuwﬁwmé’g
UWIENTANN 1% 300 A% Hanaadasitisinlasins
W% 110 T8 MNUUURIUNUTIREINGY 810130
a@ﬂﬁaga%aé’aﬂﬂﬁé’aﬁ TIWIBDENRNATLNATIY 41 38
fatlluawas 37.3 SMUIUENFTAINARLI 69 8 fia
Jusasa 62.7 mqmﬁwaammaﬁm fa 20 U (17-22
) dpfisuwaglumanzineanidounila 106 1o lag
mumﬂmﬁﬂagﬂumqmmwﬁ 7 (Fonunumsfug) fe

96 18 NABKY 4 18 AIURALY Table 1

Table 1 Biological data of 110 health science students

Biological factors Number (percent)

Sex
Male 41 (37.3)
Female 69 (62.7)
Age
< 20 years 78 (70.9)
> 20 years 32 (29.1)
Domicile
North East Region 106 (96.4)
® Mahasarakham ® 21 (19.1)
® Roi-Et ® 29 (26.4)
® Kalasin ® 17 (15.5)
® Khon Kaen ® 29 (26.4)
® Other ® 10 (9.1)
Central Region 1(0.9)
Southern Region 1(0.9)
East Region 2(1.8)

= >

SaMnIaTINUMREsdadIafisanuaz
AMufvasin
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fiduedrimafianislaiana (Polymerase Chain
Reaction; PCR) lussfi limansalimsitiesslddesiia
20581ulnadu wuin ensaiananua 110 579 fina Hb
typing Un@ifio A A nuan 67 ouaciilSunmiasazves
HbA 32919 1.8-3.1 S5laifinen cut off > 3.5% fiuaas
famadunwnzaasiin B-thalassemia 3914lavinnsaa
m1Bu B-thalassemia Wiy Sananadias 11 Mofildsu
MR E% o-thalassemia aruinadia Allele specific-
PCR fintduiiosannua CBC Aadnd uelunwudu
o’-thalassemia 918FNATINWIW 32 IUWUT & Hb E 371
utatilu CSEA 7 18 uaz EA 25 Ta lavihmsdaiian
eATUSINm Hb E Wasnindesay 25 $1uamn 7 Maudie
a3579n1 8% o-thalassemia LANLAN WU DBu
o’-thalassemia TINF1WIH 3 T8 1ummzﬁ;§ﬁﬁ waLRaaLd
EE 2 noliHaaudan1iasiavidn o-thalassemia a1&n
a4iA3 1 1eUnA Hb LU A ABart'sH Haanarduaibue
wuin ldkauInsda o'-thalassemia gene (SEA deletion)
uaz o'-thalassemia gene (3.7 kb deletion) udlAHaaUda
o'-thalassemia gene (4.2 kb deletion) &z Hb Constant
Spring & Pakse’ gene 1&8UAT 1 Mefna Ho 1w AzFA
daamaszdudiBwanui Wuauanda SpB-thalassemia
gene (12.6 kb deletion) e lWuaausa o’-thalassemia
gene (SEA&THAI deletion) na1alagayd nan1sdansny
ilwmemiandofigdnsoos: 32.7 36 Tu 110 1)
lasutadunne o’thalassemia 1Ha SEA Sauas 3.6
(4/110) W1z db-thalassemia (12.6 kb deletion, Hb typing
AFA) Sagaz 0.9 (1/110) uaz wWine Hb E Sagaz 30.9
(34/110) Taglu 34 s1eiidunine Hb E 328
o-thalassemia §1W% 3 T18 wNNATINUN MBS
FlulnaduRaUnd A Hb Constant Spring Sauasz 12.7
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(14/110) Tagln 14 oidunine Ho E $20d28 7 1o
LLMWU;‘TLﬂuBﬂ hemoglobin H disease (Hb typing
A ABart'sH) $1wau 1 1o (3082 0.91) Gauaadlu Table
2 uamsaranslafieingnaessonmadasiidnadoaidy
AA uazlildinsanaszdudiawade S 56 1o
oaadasfiduadon AA wazldrinnnsaTiaseey
Awaiiosannden RBC indices ARaUNGE W 11 T8
LLazQﬁLﬂuwmzmé’asﬁﬁyﬂnﬁ@@ha 9 1% 43 718 LFA

lu Table 3 anuivasbuwinesaatilanmayluia
suinmmaaigunnuaadlu Table 4
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anafiisanulsasidafidaluoaradas
nawlazuadtnsInlasinig

omaTasiinnlasmienae 110 Measdas
ﬁwLmumaaummﬁﬁmﬁ'ﬂmmé’aﬁﬁﬁﬂ W% 20 T
Hodudusandniinlasems wasvimsnasaudnes
MoTaFOUTALANNTINNTUHIA1ETLIINANNIATIAEEA
wiauduuzihiduneyansangide fadradanulu
WUUNAFDUANT FIuaadlu Figure 1 WHanans
maaummﬁmm%mﬁalumm'é"ﬂriauuamﬁuﬁﬁm
1A39M3 68 Paired Sample T-Test WU NUANGINTHBENS

o o

fve@md (P < 0.05) lagnzuuwnwlNuAnady 6.25 Aziun

Table 2 Type and number of thalassemia and abnormal hemoglobin carriers of health science students

Group Diagnosis results Genotype Number (percent)
1 Normal aovoa, PP 67 (60.9)
2 Hb H disease -, BB 1(0.9)
3 5PB-thalassemia trait aavo, 5BB 1(0.9)
4 Hb Constant Spring trait aovao, BB 7 (6.4)
5 Hb E trait aavo, BB 22 (20.0)
6 Hb E trait with Hb CS trait aovoos, BB 7 (6.4)
7 Hb E trait with o -thalassemia trait - -, BrB* 3(2.7)
8 Homozygous Hb E aovaua, BB 2 (1.8)

Total

110 (100.0)

Table 3 Hematologic parameters of thalassemia and abnormal hemoglobin carriers and normal health science students

Hb typing Number R1B2C Hb mcv MCH RDW A JE ouHbF
(percent) (107) (grdL) (fL) (Pg) (%) ’
AA 56 4.8+0.4 13.941.2 87.8+4.2 29.2+1.7 12.743.4 2.740.2 0.1%0.2
AA (PCR)* 11 5.0£05  12.1%15 75.55.9 24125 14.4%4.7 2.4%0.3 0.0£0.1
A ABart'sH 1 5.0 9.4 59.9 18.9 25.1 1.0 0.0
AFA 1 5.1 11.8 72.9 232 21.3 2.4 17.1
CSAA 7 4.3+0.4 12.1%15 84.15.8 27.8+2.2 12.6+4.8 2.3%0.3 0.2+0.5
CSEA 7 5.1%0.6 13.0£1.9 77.9¢4.7 25.31.8 13.145 27.1:32  0.10.3
EA 25 5.410.6 13.611.4 77.4+4.0 25.2+1.6 13.745.6 27.1$35  0.621.1
EE 2 47,66 100,135  65566.0 211,205 154,148  96.6,96.7 34,33

Hematological data are presented either as meaen + SD or raw data where appropriate (n = 1 or 2)

RBC: red blood cell count; L: liter; Hb: hemoglobin; g/dL: gram per deciliter; MCV: mean corpuscular volume; fL: femtoliter; MCH: mean

corpuscular hemoglobin; pg: pictogram; RDW: red cell distribution width
*asaunINinaifoatin AA waldinNIATI9Tz LA weaa835 PCR LHi8931ndd1 RBC indices NRaLUNG
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Table 4 Gene frequencies of thalassemia and abnormal hemoglobin carrier of health science students

Gene Number of corriers  Gene Ferquency
o’-thalassemia (SEA) 4 0.0182*
Op-thalassemia 1 0.0045**
Hemoglobin E 34 0.1636***

* fumANuiveIdu o’thalassemia NFAFIKVBIETLIUNINZVEY o' -thalassemia dad1wIudadnUaiEdn o-thalassemia nanualu
UszmnIn@nm

 Emmanuivaddiu SB-thalassemia mnﬁﬂmumaaé’ﬁtﬂuwmwm SP-thalassemia dagruindadauadfiu B-thalassemia vonualu
Uszmnsfidnm

o+ GuamauAva9du hemoglobin E mnﬁﬂmumaa%ﬁtﬂuwmwm hemoglobin E sauﬁuaaaé’aﬁalmjﬁ@u homozygous hemoglobin
E doswindadavasiu P—thalassemia ranualulszanafidnen

Pre-test

Tasan1s3de “Arugnvasnivzsidaddiswazdlulnatufinund

Tuiidn...... N INLIFRURIEISAIN

1. amziifimubaunfvasBuiinununisainany globin MawuuyUSinamazaauain Wunis

danaanaiugnssiuule
. autosomal recessive 4. X-linked dominant
9. autosomal dominant a. Hﬁ“ﬁ’iﬂﬂg}ﬂ
A. X-linked recessive
2. 15A Thalassemia wilalafisionsguussiian manemeluassdfiodsiindaususnanon
. B—thalassemia /Hemoglobin E 4. Homozygous Cl-thalassemia 1
9. Homozygous P-thalassemia 9. Hemoglobin Constant Spring
A. Homozygous COl-thalassemia 2
3. lsasndaddiefinsznsisanssauguuasinelssmalifiulonetesiunasmuaalsn sniuiela
n. Hb Bart’s hydrop fetalis
Homozygous Beta-thalassemia

U
A. Beta-thalassemia/ Hb E disease

o

Homozygous alpha-thalassemia 1
9. Hb H disease
4. wivgassslulnatudaundudalainuuinfigalulsseinsnindaiu

. Hemoglobin E 4. Ol-thalassemia 1

. B—thalassemia 9. Hemoglobin Constant Spring

A. Ol-thalassemia 2

5. lsAdena19 C-thalassemia lupuields fina1nn1s mutation wuulnanniian

. Mediterranean; MED 4. Filiphenes; FIL
9. Southeast Asian; SEA 9. -3.7 kb
A. Thai; THAI

Figure 1 Example of questions in pre-test and post-test for thalassemia
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Abstract

Musculoskeletal disorders (MSDs) was found in several occupations. Pottery crafts have been improper posture which
risk to muscle injury. In this Cross-sectional Descriptive Study was conducted to determine the prevalence and factors
associated with musculoskeletal disorder among female pottery workers in Kirimas, Sukhothai in 164 female workers
and applied Nordic questionnaires for interviewing. This study was conducted Descriptive statistics and logistic
regression analysis for determine. The results found prevalence of musculoskeletal disorder in last 12 months and last

7 days. The most female pottery workers had symptom at lower back, shoulder and knee. Factors associated with
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in Khiri Mat, Sukhothai Province, Thailand

musculoskeletal disorder were income per month (ORadj=3.41 95%CI=1.18-9.81) and year’s experience (year)
(ORadj=O.57 95%CI=0.26-0.97). The results from this study can be used in as the guideline for health promotion and

the improvement of work environment in order to decrease work-related musculoskeletal disorders which affect to

better quality of life and qulity of work for the pottery workers.

Keywords: Prevalence, Musculoskeletal disorders (MSDs), Pottery

UNUI

ﬂaqﬁummiﬂ@ﬂnamas:wnﬁwmf‘:aLLa:ﬂsz@nIﬂmiw
(Musculoskeletal disorders) Hluensifipniudedand
e ulAsemsinia Gendadniay f‘ﬁammqmmﬁa
¥13nnIw? Lﬂuﬂfgmsumumaqmmwﬁwuvlﬁ
vasuaziduangiAyvesmmyann® axmiiadnd
mai:uuﬂﬁwLf‘zaLLa:ns:@ﬂIﬂsaiwammmwu"l,éﬂ,wmﬂ
fneuznunselunaenguendn Sorliiduilywwils
mMeshuandiawnde nelulsmafimsswamnuasssne
AR@UILECY lunnsan ks wLInensAadnd
mas:uunéﬁuLf‘IaLLa:ﬂi:@ﬂIﬂsaiwaﬁmmé’uﬁuﬁﬁ’u
fadnes 9 ldun Jeddiuyaaa fo iwa ang wwiingn
aduduisan laun anuedoa mslesremeatnaniin
msguq‘m’% waziladamemuans iz o msvinen
Turindasn 9 NNIBANKIININ LLa?.:miﬁi"Nﬂ’lilagﬂuﬁ’l
W@atdwnawn® annatidnisiiaenisiadnd@nisszuy
ﬂ5’1&1Lf‘;aLLNmS:@ﬂIﬂidi’ldluﬂS:Lﬂﬂﬁdﬂqr&1‘]@ 2015-2016
ﬁﬂ's'lm‘%;mgaﬁﬁasa: 41 @andu 539,000 189819
aidulsznalnelud 2561 wusiiinmsifinemsialnd
maszwﬂﬁwmﬁaLLa:ngﬂIﬂsaiw YD WHONITZUY
AN NI nndsdosas 43.4 Aain 1.4
Suan” NMIAENEIRNINNIINBLazaINsRaUN@
maiwunéﬁwL‘ﬁaLLazngﬂIﬂsoi'\ﬂuﬂuﬁwm’%aaiﬁuamm
dszinaun@a wudn manwaislng deasdinisle
maluladfigads SeilmiAamsrhoust 9 i m3
nauwludua e wm IS wINBLAEMITARI TS 227N 15
Lﬁ@n'mﬂféiauvl,mmaumumuuuga Fadumsrnaud
FadlfanusBamlmAamvinaudn sl,ué'@\swﬁga ms
e Ithalutig 12 @eudikuun wulenmsihe
VI TIEIUEILAZREI® LAz INMIANBINNTZY
mamﬂu,a:mmsﬁ@ﬂﬂamas:uum‘f'mLf‘zau,afzm:g]ﬂ
1A59519009AUTINNwETIRN F9nTasLe wuindenns
AnUndmeszuunaaiiolusng 12 @auuas 7 Tufiduan
WUNIND93EEaz 90.15 Lazsa8as 60.49 ANE1AL 9%
Wannssuiatasiindurndeldindunuidasldainy
ﬂi:r’ﬁ,@u,a:m’]w%&lﬂumsﬁnmﬁga FadnwmenT

Ynueenan azsinaiam e lagamnzedneds viin
ATV 9 MFRNN NI IS8 W% UaZNNTTE
Ul Aswas® ™ Tadpdsnaniuiladedina
lﬁLﬁ(ﬂmﬂ’ﬁﬁﬂﬂﬂaﬂﬂﬁzuunﬁ’]m%aLLR:ﬂ’Ez@ﬂIﬂ‘N‘i‘N
WM ITnFannIINLAS st AREN A ad AR A
'%'a'm’;'ﬂqhﬁﬂ finsuzidugammnisuaiiGen ifiaga1n
nsiTaansTILAS eIt WA RAN gaulna dansniaria
LA ITUA WAL E9L6Y TN9Z¥NFIT8ANTIBNNTINT
Faou0ana °1nUlﬂ»ﬂ'ﬁomuﬂ%admﬁfﬁmlﬁuﬁgﬂﬁ"}
LLa:Iumm:‘?imumﬁavl,;\iﬁmsﬁﬂma';’m‘*gﬂmaam‘nﬁ@
mmsﬁ@ﬂﬂamui:umﬁmLﬁaua:ﬂs:@ﬂimﬁ'}ﬂugﬁﬂ
FaanyINLASaduG AN ﬁagaﬁvlﬁmﬂm‘iﬁﬂmﬁmmm
ﬁnvl,ﬂ'mLqumsa%"mLa'%wqmmwLLazaﬂmmLﬁmmﬂmi
9w é’uﬁ]:ﬁwvlﬂ;jmmﬁ”lmﬂtymamdLﬂugﬂﬁ‘ﬁmm:
aa@ﬂﬁaaﬁuamwmsﬁwmw?iLﬂmﬁwmmjmjﬁﬂﬁmmm
Lﬂ’%imiﬁuﬁmmmjuﬁ@iavlﬂ
Jagilszasa

1. Lﬁammm*‘gﬂmaamm‘sﬁ@ﬂﬂamu‘s:uu
ﬂé"mL‘liﬂLLﬂzﬂ’i:@ﬂIﬂ‘N’i’Nluﬁﬁ’]ﬁ@ﬂﬂi’i&lLﬂ%ad%uamm

u
a a . 6 o

2. WafnnadailanuFNNRTNUaINIAG
ﬂﬂaﬂﬂdizuuﬂﬁ’mLﬁaLLﬂ:ﬂi:@ﬂIﬂ‘id‘i’mlu%ﬁ’]ﬁ@mﬂ‘i’ill
4% A
LAIDILUATLEN
1. 3duuuns3de mdnsilidunsfinm
ATULTINTTHWIULULNAGADINY (cross sectional study)
2. dszrnsuaznanaladie dniuns
nusunudayaludindannssuaIosdudurnwands
fLnefIvd %’mi’@qhﬁm 1w 164 Mo JidI398
"L@‘T’mnmniuéhaﬂ’mmudw (Simple random sampling)
15350157 0819uLDLANad (Purposive sampling)
I@mnﬁanmjuﬁ’;aﬂ'wmuéTm:rm:m’sﬂ’s:ﬂaum%w
AANNTINLATDIL WAULEN %dﬁﬂwmzmiﬁ’mmaagﬁ'}
wannyruaastludumnainlngaznifadanudniom
. 4 . . 4Y A4 X o oA
Wk ImInfawlmnemameriinefidn g Hideaen da

ﬁaﬂﬁawquﬁﬂummxﬁnm LRTNNILNTUINUNRTN



284 Wariya Kentawai et al.

3. A309dan A1V
=S 33 :i' U
nIAnvIaSIRlTuUURaUINYIENaY
ﬁmﬁagaﬁﬂﬂ ToYANBINTINN LRTLUURAUDND
ﬂi:ﬂqﬂﬁ‘-ﬂ’m Standardised Nordic questionnaire™” 71l
wiatdunislng I@mﬁLﬁamﬂ*saumwﬁayamaamﬂﬁ
ﬁ@ﬂﬂamaszumﬁwmﬁaua:m:@ﬂima‘iw Flasumay
mnaaumwgﬂﬁamazmmmm:awauﬁamim
STl !
aa ® U
4. AEMsNUTIVIINVBAA
nsanw luasiitlaniunisRarson
Fosyumsidelususdinanza o Iuguaaas
VANINLNRLNAAR LaUNN1IIUTad MUPH 2018-084 Lila
TUN 24 Wen 2561 (UnanNIdsiilusiuniisvas
Fnenfiwud) ﬂ'mﬁm';m'miaya Q"i%’ﬂvlﬁ@‘hl,ﬁuﬂﬁ?meia
ﬁ'ﬂ'ﬁawmmadom’%uqmmwﬂs:ﬁiw‘hua (3N.8a.) LNaf
Q:Iﬁﬁaﬂﬂi:aﬂuuwuﬁu;‘Tﬁﬂﬁmnm‘mm%mﬂuﬁmmlu
g dl U e o g v lﬂl v ad =3 U
Wi I383ziNNITusTRyafideIns Amaiudaya
uwazhuuWeTunuanugTieddn eliiiaanudila
asans MIAudeyaaziAudeyanuyliznauadnyin
Qs dl & a I = s L3
FannysutaIasindukduwanawnan laslfuuuraunny
mjuéhaﬂ"m]:"L@T%’umi%umﬁﬁmqﬂima@Tm‘ﬁ%'ﬂ n3
Lﬁwﬁay‘ahm"lah:qé’mmmzmjwé’aazhaﬁuyaulfﬁﬁ'm
AT EaInaNNENATIaNTa NN e adaudadeluly
fugaNnTINANTIFY ﬁ’m'mﬁuiagaflw,ﬁau fguwamw
2561
a & v
5. MIATIERVBYA
myanzidayalagldlisunsy sPss
(Statistical package for the social science) version 18 o
aﬁaL%dWiimmLﬁaﬁﬂmﬁﬂwm:m'im:mﬂﬁamaaﬁaga
ﬁavlﬂ%dﬁwmualugﬂm‘iw aud (Frequency) 30882
. .
(Percentage) Atady (Mean) WRERIMLUENLUBNIAIZNN
P9AuLT (Standard deviation, SD) §1%TUNITNAFOL
ANNFNANUTIzI9aTnaraNIRAUNANI9ITTUUNEN
iauaznszanlassieldaiidlaauass (Chi-square) uaz
afian1iasinanasladadn (Logistic regression
analysis) WNavinwalamavasnmsiineanisialndvas
ﬂﬁwmﬁmmxmx@ﬂimﬁw Tug9TeduanULTa T uTaa:

'
ada

95 (95% Cl) kazfinuaIzaUiyRAYNIIFAANIZaU 0.05

J Sci Technol MSU

lasdayarildvasngudmatonui e
W9dwIn 164 au Hongiais 52.85 1 Insanmnluszey
Tuilsznufnun fasaz 75.0 Meldsiulnaazdasnia
10,000 UNAaLfaw Sauas 85.4 miguqﬁ%dmslmyvlajgu
Uw3 Yeuar 99.4 lsfuuwaanased Jouay 97.6 WATEIN
Inalisanmasne fouaz 51.2 lsadszdrdafinuann
dl = > a > (2 =
figa da lsnanudulafiogs sasasulialyduluduison
LLazIEﬂJj“fJLLﬁ ANROY ANEIENINBEIWIRL 92T

A = o | 2 s 1
wInfurinauduaiuiu Sasas 73.8 838789919
ﬂumﬂﬂaauvlmmﬂwq@ fa Jauavinda wawe@nun
uaz e @NEIGY TeuIaINIINIRAT N8N
40 T lusdaFUav Sapaz 47.6 sanlvgazviauwannnii
20 U fasar 38.4 uTUNUNNIada Twadsagin 87.35
Fu wazsulngidindannsauelasduduenazinuly
TuaawmIuzl sasasnaziduduneunaiaioudu s
ANLATAIUUAULNT NITLHITWIY LATNNTUNZRANKID
519879818 Sasas 87.8, 66.5, 65.9, 63.4, LAz 52.4 eN
10U IuTUAanNITLaToNARITT AN B INWNA DI
FNINUARBALIAT ANITITWIIIWNITINAURR LA LIIAT
. 4

= A% o a o &
NEABNINFUDINN RN U T2 01D 10 ﬂIfﬂﬂ‘ill TBABUNITI

[
=2

mugﬂﬂuﬁwmua:ﬁé‘ﬂmemiﬁw’mﬁﬁaaﬁaﬁwmamia
Auduwaawnu fnsde 1Boden i meiiniu
mu%’%awﬁuqﬂmzﬁ duaeum LN AANRIaRIA AR
Tuduaouiiasdinumensvinanuwiidassisandemudn
e TasauinanuwaslFiauns aanEuUaUaIaaY
el iieasiiTa T IRt n WA NN §uln
A UM T AN T AZ A UM T T 119 2 T34
Ao dinu MM INURREEAY TnIvnaufides
dunaulUnduILaEMIEN TS 3-4 Tudansaiafias
Thaenldanuaa/fiiaunsoindain :nauaeus
el drimsmianuiian 9 N s‘éamulmy'
Tzl mTasuudasd3euan i weaz N TUNe
Lﬁumﬂmsﬁwmw’fiwumﬂﬁq@ fla mysanussnniAnly
fowantaouidnen wissdeunyfunamiy sudey
(@97 1)



Vol 38. No 3, May-June 2019 Prevalence of Musculoskeletal disorders among female pottery workers 285
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Table 1 Number and percentage of personal factors and occupational factors among female pottery workers (n=164)

Factors Number Percentage

Age (year) (Mean+S.D. = 52.85 + 9.696 Min-Max = 85-23)

<50 49 29.9
> 50 115 70.1
Education
Not study 3 1.8
Junior high school 123 75.0
Senior high school 25 15.2
Vocational certificate 10 6.1
Vocational diploma 3 1.8

Income (baht/month)

< 10,000 140 85.4

> 10,000 24 14.6
Smoking

Never 163 99.4

Currently smoke 1 0.6

Alcohol drinking

Never 160 97.6

Currently drink 4 2.4
Exercise (time/week)

Rarely/Never 84 51.2

1-2 30 18.3

3-5 28 17.1

>5 22 134

Underlying disease (choose more than 1 choice)

Hypertension 24 14.6

Dyslipidemias 10 6.1

Allergy 7 4.3
Job description

Sit or standing for a long time 121 73.8

Sit and stand 43 26.3

Movement repeating of the body (choose more than 1 choice)

Head and neck 18 11.0
Shoulder 115 70.1
Arm and upper arm 151 921
Wrist and finger 154 95.7
Trunk and back 27 16.5

Leg and feet 73 44 .5d
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Table 1 Number and percentage of personal factors and occupational factors among female pottery workers (n=164)

(Cont.)
Factors Number Percentage

Duration of worker (hours/week) (Mean+S.D. =38.73£16.11 Min-Max = 4-84)

<40 78 47.6

40 — 48 34 20.7

> 48 52 31.7
Working time (year) (Mean+S.D. =19.40+10.04Min-Max = 1-70)

<20 75 457

> 20 89 54.3
Produced per day (Meant S.D. = 87.35+61.275 Min-Max =5-600)

<50 59 36.0

51-100 76 46.3

> 100 29 17.7
Type of worker. (choose more than 1 choice)

Preparing clay 109 66.5

Forming 144 87.8

Carving 86 52.4

Drying with the sun 108 65.9

Burning 104 63.4
Injury in working (choose more than 1 choice)

Overexertion 57 34.8

Foreign bodies in the eye 42 25.6

Accidents from tools 33 20.1

Get heat from pottery 25 15.2

Falling objects 27 16.5

Heat exhaustion 9 5.5

NanN1sANE
m']m;nmaammsﬁ@ﬂﬂamaiwunﬁmLf‘IaLm:
m:@ﬂiﬂiﬁ"]ﬂugﬁwﬁmmmLﬂ’%aaﬁuamm Tuga4 12
\doudiinuanaaliudous: 72.6 wm‘i%mﬂaﬁﬁmmqn
§93 uauLIN LA naIEINES (Fauas 72.6) 10 (Sou

az 47.5) uaslna (Fauay 43.3) fWILANNTNVDINNT

ﬁﬂﬂﬂamdiwunﬁ’mLﬁaLLazﬂi:@ﬂIﬂsamluma 7 %

A A & v ° | oda
NEnIAaLdwIaas 59.1 WU@I’]LL%%GY]SJ@’)’]M‘];TWEN 3

duauuInluuInmdoiny lawd nasguans (Jaoas

58.5) 111 (Fauar 37.2) uazlna (fauas 29.8) (A3197 2)



Vol 38. No 3, May-June 2019

Table 2 The Prevalence of musculoskeletal disorders

Prevalence of Musculoskeletal disorders among female pottery workers 287

in Khiri Mat, Sukhothai Province, Thailand

Parts of the body of Prevalence
musculoskeletal disorders 12 month 7 day
(choose more than 1 choice) number percentage number percentage
neck 20 12.2 16 9.8
shoulder 71 43.3 49 29.8
upper back 6 3.7 4 2.4
elbow/lower arms 47 28.6 28 171
wrist/hand 66 40.2 40 244
lower back 119 72.6 96 58.5
thigh 38 23.2 30 18.3
knee 78 475 61 37.2
ankle/feet 6 3.7 6 3.6
overall 119 72.6 97 59.1
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Table 3 Crude and Adjust odds ratio of MSDs (n=164)
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Crude Adjust
Factors p-value p-value
OR (95% Cl) OR (95% Cl)

Income (baht/month)

< 10,000 1 1

> 10,000 3.02 (1.06-8.54) 0.037* 3.41(1.18-9.81) 0.023*
Working time (year)

<20 1 1

> 20 1.19 (0.59-2.36) 0.618 0.57 (0.26-0.97) 0.041*
Age (Year)

<50 1

>50 1.12 (0.57-2.21) 0.733
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Table 3 Crude and Adjust odds ratio of MSDs (n=164) (Cont.)

Crude Adjust
Factors p-value p-value
OR (95% Cl) OR (95% Cl)
Duration of worker (hours/week)
<40 1
40 — 48 1.41 (0.61-3.26) 0.413
> 48 1.41(0.56-2.32) 0.717
Number of pieces a day
<50 1
51-100 1.56 (0.78-3.12) 0.202
> 100 2.14 (0.84-5.48) 0.110
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Abstract

In each year, there are many students who are interested in the selection recruitment to study for a bachelor degree
of Mahasarakham University. Thus, information about the curriculum is essential for those who require more admission
details. A problem of curricular public relations is the numbers of documents (public relations brochures) for promoting
the curriculum to a large number of students applying for the university was limited, but the production level of
documents was too low and inadequate for promoting the curriculum in each year. This research has shown by use
of Association Rules technique by searching for the model from the information data of new undergraduate students’
enrollment which was the data input in the experiment and getting the acquired model to be improved as the online
curricular public relations model. The research found that the most effective factors for students in selecting the fields
of study were parents’ annual income, the parents’ occupations, and the cause factor to study in Mahasarakham
university subsequently. The researcher also managed to use the improved model as the online curricular public

relations system.

Keywords : Association Rule, Online Curricular Public Relations
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Table 1 Variable sample

J Sci Technol MSU

Sex F_Income M_Income P_Income Causes C_Father C_Mother Faculty
Female FI3 MI1 PI3 CA2 CF1 CM1 FAC_01
Male FI3 MI3 PI5 CA2 CF1 CM2 FAC_01
Male FI2 MI2 P16 CA4 CF6 CM4 FAC_09
Female FI3 MI1 PI3 CA1 CF2 CM5 FAC_10
Female FI1 MI2 P12 CA5 CF3 CM3 FAC_20
Female FI3 MI3 PI3 CA2 CF4 CM8 FAC_12
Male FI3 MI2 PI1 CA3 CF3 CM2 FAC_11
Female FI1 MI1 PI2 CA4 CF2 CM3 FAC_04
Female FI1 MI2 PI3 CA2 CF1 CM5 FAC_16
Male FI1 MI3 PI3 CA1 CF3 CM4 FAC_04
Female FI2 MI2 PI3 CA3 CF4 CM1 FAC_13
Female FI3 MI2 PI3 CA1 CF2 CM4 FAC_10
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Table 2 Result data

J Sci Technol MSU

Rule LHS RHS Support Confidence lift
[1]1 {C_Father=CF1,Causes=CA3,P_Income=PI3} {Faculty=FAC_20} 0.001 1.000 20.000
[2] {C_Father=CF1,Causes=CA3,P_Income=PI5} {Faculty=FAC_01} 0.001 1.000 20.000
[8] {C_Father=CF3,C_Mother=CM1,P_Income=PI6} {Faculty=FAC_09} 0.002 0.980 19.600
[4] {C_Father=CF3,C_Mother=CM1,P_Income=PI5} {Faculty=FAC_18} 0.001 0.970 19.400
[5] {C_Father=CF3,Causes=CA4,P_Income=PI7} {Faculty=FAC_02} 0.001 0.970 19.400
[6] {C_Father=CF4,C_Mother=CM3,Causes=CA4} {Faculty=FAC_12} 0.001 0.950 19.000
[71  {C_Mother=CM7,Causes=CA3,P_Income=PI|4} {Faculty=FAC_08} 0.001 0.950 19.000
[8] {C_Father=CF2,C_Mother=CM5,P_Income=PI14} {Faculty=FAC_14} 0.001 0.945 18.900
[9] {C_Father=CF2,C_Mother=CM5,P_Income=PI5} {Faculty=FAC_02} 0.001 0.940 18.800

[10] {C_Father=CF2,C_Mother=CM1,P_Income=PI8} {Faculty=FAC_17} 0.001 0.920 18.400
[11] {C_Father=CF4,C_Mother=CM1,P_Income=PI8} {Faculty=FAC_11} 0.001 0.910 18.200
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Abstract

Due to rapid growth of Nakhon Ratchasima province. Land use and Land cover change (LULC) change takes
place in surrounding end point of Motorway of Nakhon Ratchasima municipality and its vicinity, various types of
environmental impacts occur in the area. Main objectives of the study are to assess built-up growth rate and mapping
from transition matrix of satellite image during 2013-2016. Results of the built-up growth prediction of land cover in

2021 using CA-Markov showed that Motorway road was the strongest predictor variable and the most vulnerable land
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use lost was miscellaneous. Urban and built-up areas had continuously increased while agricultural and forest had
continuously decreased. Urban growth pattern was linear strip development but its pattern was changed to be a
scattered development. The simulated area results in a shorter flow of water in stream order 1 to 2. The direction of
the flow of water away from the main river (Lamtaklong). However, the forecast of urban growth pattern remains
problematic because the model performed with a relatively moderate predictive ability (60 %) at a spatial unit of 1 km.
x 1 km. This application of the CA-Markov model demonstrated an ability to address a range of local planning issue,
but spatial accuracy and variable selection were among the factors that must be further considered for practical

application.

Keywords: Built-Up growth, Motorway-6 (M-6 Bangpain-Nakhon Ratchasima), CA-Markov model, Stream flow,

Geographic Information System (GIS)
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Figure 1 the extent of study area in Muang district of Nakhon Ratchasima province

End Point
Of Motorway-6 i
(M-6)

Figure 2 end point of Motorway-6 connected by by-pass road (road no.2 or Mittrapap road) and covered with 13

polygons of spatial unit for built-up growth simulation
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Table 1 Result comparison of land cover simulation using CA-Markov with visual interpretation in block 2 of end point
of Motor-6 based satellite image on March (2556/2557)

CA-Markov with visual interpretation CA-Markov with visual interpretation CA-Markov with visual interpretation

Iteration
" (Year 2556-2557) (Year 2557-2558) (Year 2558-2559)

vearR 2557 2558 2559 2557 2558 2559 2557 2558 2559
1 0.99 0.71 0.64 0.84 0.94 0.72 0.98 0.94 0.72
2 0.96 0.70 0.63 0.67 0.75 0.64 0.91 0.75 0.64
4 0.90 0.67 0.61 0.58 0.660 0.60 0.81 0.66 0.60
5 0.86 0.66 0.61 0.53 0.59 0.56 0.74 0.59 0.56
6 0.83 0.64 0.59 0.52 0.58 0.555 0.71 0.58 0.55
7 0.81 0.63 0.58 0.51 0.56 0.55 0.64 0.56 0.55
8 0.78 0.62 0.56 0.49 0.55 0.54 0.62 0.551 0.54
9 0.76 0.60 0.54 0.47 0.53 0.52 0.61 0.53 0.52
10 0.735 0.59 0.53 0.45 0.50 0.495 0.58 0.50 0.49
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Table 2 The average result of R*with land cover simulation using CA-Markov with visual interpretation in block 3 to
13 of end point of Motor-6 based satellite image on March 2556/2557, 2556/2559, and 2557/2559 compared

with image on March 2559

Result of (R?) between

Result of (R?) between Result of (R?) between

Iteration (modeling from image) (modeling from image) (modeling from image)
Year 2556/2557 Year 2556/2559 Year 2557/2559
with with with
(Interpretation) Year 2559 (Interpretation) Year 2559 (Interpretation) Year 2559

1 0.91 0.90 0.89
2 0.87 0.87 0.87
4 0.81 0.81 0.82
5 0.79 0.78 0.79
6 0.77 0.76 0.78
7 0.75 0.74 0.76
8 0.74 0.71 0.74
9 0.72 0.70 0.72
10 0.71 0.68 0.70
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Table 3 Land cover prediction of CA-Markov model using iteration = 1 based image 2557/2559 of block 1 to 13

Block area Prediction of BUGR from CA-Markov model (iteration = 1)
Block number
(sq.km) Built-Up Miscellaneous Road Water body
1 1 0.155 12.505 0.182 0.009
2 1 0.241 12.421 0.180 0.059
3 1 0.099 12.423 0.178 0.050
4 1 0.084 9.541 0.231 0.023
5 1 0.060 9.536 0.080 0.011
6 1 0.102 9.541 0.048 0.022
7 1 0.025 9.536 0.056 0.022
8 1 0.016 9.536 0.042 0.016
9 1 0.064 9.536 0.052 0.021
10 1 0.210 9.540 0.054 0.005
11 1 0.048 9.537 0.047 0.014
12 1 0.193 9.554 0.042 0.045
13 1 0.352 9.781 0.108 0.058

Table 4 Land cover prediction of CA-Markov model using iteration = 2 based image 2557/2559 of block 1 to 13

Block area Prediction of BUGR from CA-Markov model (iteration = 2)
Block number
(sq.km) Built-Up Miscellaneous Road Water body
1 1 0.155 6.739 0.182 0.009
2 1 0.242 6.657 0.180 0.059
3 1 0.101 9.856 0.178 0.050
4 1 0.085 6.976 0.231 0.023
5 1 0.060 6.971 0.080 0.009
6 1 0.103 6.975 0.048 0.021
7 1 0.025 6.970 0.056 0.020
8 1 0.016 6.970 0.042 0.013
9 1 0.217 6.981 0.052 0.020
10 1 0.369 9.393 0.053 0.005
11 1 0.172 2.376 0.047 0.014
12 1 0.228 2.393 0.042 0.044
13 1 0.359 2.608 0.108 0.059
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Table 5 Land cover prediction of CA-Markov model using iteration = 3 based image 2557/2559 of block 1 to 13

Block area Prediction of BUGR from CA-Markov model (iteration = 3)
Block number
(s9.km) Built-Up Miscellaneous Road Water body
1 1 0.283 3.646 0.182 0.009
2 1 0.314 3.655 0.181 0.059
3 1 0.143 12.028 0.178 0.052
4 1 0.120 8.296 0.231 0.023
5 1 0.084 8.293 0.080 0.009
6 1 0.126 8.296 0.048 0.021
7 1 0.031 8.292 0.056 0.019
8 1 0.017 8.292 0.042 0.013
9 1 0.216 8.298 0.052 0.020
10 1 0.348 8.328 0.053 0.005
11 1 0.122 5.603 0.047 0.014
12 1 0.197 5.618 0.042 0.044
13 1 0.355 5.839 0.109 0.056
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frusseu 1 3 | J fwusmseusd

Figure 4 the major land cover class of Year (2564) based on CA-Markov model using iteration = 1, 2, and 3 and
image 2557/2559
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Figure 5 the land cover of Year (2564) based on CA-Markov model using iteration = 5 and image 2557/2559
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NS

Figure 7 Stream flow generated from stream order 1 and 2 of Year (2564) based on DEM derived from land cover
simulation 2557/2559 with iteration = 5
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Table 6 Comparison of stream order Year 2559/2564 in term of stream length and number of stream line

Stream order Year (2559) Stream order Year (2564)

Order 1 and 2
(Length KM./no.

Block number

Order 1 and 2
(Length KM./no.

stream line) stream line)
1 62/36 59/34
2 63/38 25/18
3 62/37 23/17
4 63/38 24/19
5 64/39 29/28
6 65/42 30/29
7 64/92 63/91
8 63/34 63/34
9 65/98 65/98
10 67/102 67/101
11 60/35 42/27
12 71/45 24/17
13 73/46 21/15

1 ¥ % a
5. wanIznuaalawnIsri lrannisdule
2asRelanade

Unaquiudszianasdgnanendnsvme

. o , ¥ o4& .
Mazuaaduiuadli Figure 4 uaz 5 Wufiatazgnin
ma‘i”’mLﬂu%'uiaylammgu%omm (DEM) Aivinsiia
. v a A . ¥ o -
nﬂummgwu"l,ﬂaﬂ 2 a7 e TudayannugIi
LawﬁLﬂi’]:ﬁwam:ﬂumsmﬁwuﬂm%aﬂﬂﬂquﬁmia
dl v qo’ = :;’ L%
nsiaunlasvaddwniyinavasinlumsdnen ez ls
MadIsufs U ILEWIN (stream length) LRSI IWIL
fAULEWUN (number of stream line) Utzdnudazusan
lagazlfdaumsinazaadunsinavedin (stream order)

o A o P L& o A

Tusz@un 1 way 2 0% WhasanIduszaundunng
Inaduduvasinii iugafiafinsinavasilitlnasn
figalufidn lasnamsfinwiuaadlu Table 6 wudn an
mﬁLmﬂ:ﬁlﬁué’]ﬁumﬂmmaaﬁnﬁ’am‘*ﬁagammgm%a
WUY W.A.2559 WUIURENT 13 way 12 IS1GULEFWANT
nazasifl 1 waz 2 wInfiga 71 73 uaz 72 Alawasaw
Salosl LLa:a‘iﬂuauLﬁuﬂTﬁvaaﬁa‘hmumnﬁq@sluuﬁaﬂﬁ 9
WaT 10 31131 98 LAz 102 LFUWAINRINY SIUIULFUANT
"lm‘*uaa‘li’]mm:dwasl,ﬁmﬁ:muﬁw"l,maa;jusjﬁ']mf;l

#ANIEIIASINIRL DA UL FLIAaNIVIINT IR NI

URANNRINWINENAULFWINLAZANNEILFWIN B 37N
msa‘haadmilﬁﬂmao'ﬁaﬂgnaﬁ"nﬂuﬂ W.¢.2564 WU
) Ao A = A
mmmaLaumﬂ'ﬁamnmumanwiuuaanw 9 uaz 10
FIUI 67 AT 65 NIALNAT LAZIIWIWLEWNIT ARV
U INgA luufani 9 uay 10 $1UI% 98 WAz 101 LHWAIN

fau
ANVEILEUNNT ARLRZI WU 1R

=3 dl I3 o ] Qq’ =1 =3 tdl =3
luuaaﬂ'ﬂL‘}JumLmuwaaq@auq@ﬂauaaﬂﬂ 3 LazUfan
A o X ¢  &A = ~
waglﬂa 9 1AFnFANBLADINGABUARNT 2, 4, 5, Uz 6
ANAAY I wInanadasnsTaauilatSounaunauad
L L« Xt X
114 2 T iflasaninudanimanilsnwiusasm AN IuTad
'ﬁqﬂgﬂa%omﬂﬂdmﬁaﬂﬁag'vma]’mﬁ;@auqmimdms L6l
=3 = =3 dl o Qq’ =
Nazludan 12 waz 13 ‘ﬂagma@@auqﬂimumumumi
ANRIVBITIWIWFUMT IMaTBIINMI LI NI TN
X a o 2 X < P
IupaIFilgnaing mLmeaamzmw:mﬂﬂamﬂﬁm
fuga walhosnnwunainaniduunagusuinwuni
LLa:ﬁLLsaﬁdg}mmnﬂﬂﬁ]%'ﬂmaLﬂswgﬁmmzﬁqﬂmadﬁuﬁ

& - X e X
BUINNITNUBNADUNINVDINUNEN N NIINANUFIVA

I '
ada s

UNNINIVENDAUNNTUNN 2 LUAT z%dwﬂﬁmmauﬁlﬂu

e =Dhe

NN T uwuwinielwavasin LL@iLﬁagmﬂﬁvaﬂLﬂu%d

Aaaerinlwanudaiitasvasdutinretiell waziinly



314 Patiwat Littidej et al.

Tsaluaslunginaandn aNTWaTaInNITVLI8FIVDIRY
ﬂgnai’wﬁwﬁmm@iaLﬁaaﬁ'ﬂmmwaagﬂﬂ@@imﬁawz
MlwmAanslfswulasvasidunsinlduinninwunng
sUTafiagnizanein Lﬁaamﬂﬂ'ngﬂﬂ@ﬁag’ﬁ@ﬁmzﬁﬂﬁ
NNTILATITRINWIBENAULEWINR AN AUV BIF RN U
LRZUWIARANDLAI TINNIVIN ANV EILERINRARITIY
=S ,2{ ] a 6 & =3 1 ;s' d'

MsAnEiuLInITIeTzkeaniduufandauiianay
mmm”?mﬁzﬂ@i’ﬁamwﬂnﬁlﬁmﬁ;@'ﬁuq@uamaﬁﬁ%
danadan1IIIuaIvesflanaiisldadily vinld
sursaaansntlainneluszos e 5 Alawas an
& A a o - A a
9FUFANALINIVIN BN IARALRANEY 9 uaz
A o Y A= o VA Ad
msuﬂawuﬂawaomumqm‘nmﬂmmwmwwmmg
Tnand1 udmalnasselusssumashignfianuniazns
NIININMIULLIVBUIAVRILADN wANIIANENH IR
U ‘EA’ dld' 1 v A Qs
mminummwmsm@mmﬂmwwuﬂﬂaglﬂammm_l
AUINUBNTWAANITVLNLAIVTRIVTORINANIZNUGS

lal v v 3 ‘9!/ dlldl [
N\‘]LL’]@]QQNVL@]N’]ﬂﬂ’J']W%‘YWIa%l%']daaﬂvl,‘.l_]

a o
d3duan1sive
ms"umaléhmaaﬁuﬁ%aﬂ@nai’wwwmyéhmml,mmao

aunvataassiudinlngaziiulainlud w.a.2564

o
A

tdlnl v a e = I3 =3
W%ﬂﬁdﬂ@ﬂﬁi?duﬂ??ﬂﬂ?El@]')LﬂﬂUL@]Nﬂ’J’]N'iﬁlﬂdUaﬂﬂ

De

R

NUNANEN LLazif@ﬂm?’umﬂﬁwzmzﬁ;ﬂé’aagﬂnﬁu’%nm

A I

FUFANDADTE lapTuwi litudanaaulavesasne

9

Uanasainanniwdes 9 Wadlnduinmyaiuga

o

NIRRNNLABIZRINILT B é’mwmﬂaﬂmaﬁaﬂgﬂﬁ’m
(BUGR) Badiasdnlng 1 Wang BRIV EI V09
ﬂ@ﬂ&%’mluuﬁaﬂﬁyfu 9 ﬁwé’o"umué’aamqgmazmamaﬁ
adudmldiFrnnduluiufivioni 1 was 2 Sefigan
BUGR a1nn31 0.1 (10%) forwauSanady 1 A1919
Alalas L'ﬂué'@mmﬁ"umUﬁaﬁgufimﬂ%ﬂmﬁwﬁuﬁuﬁ
9 ag"m’na’méhLLﬂiﬁumﬁ'auﬁawéquaLmaiaﬁLLaz
mMatBeunmanegnouwassiios wazazwudngdunung
Lauimad%‘qﬂgﬂa%ﬁuﬂuvl,ﬂazho@imﬁaa Tusduyy
nsznsuuUiiansldauumnuuanssed LLazLﬁ'aagﬁw
mn@@éuqmama%nﬁ%ﬁmﬁmmvéfﬂﬂmmmmuu
Beaiasluszasvinsannountszanm 100-300 WA
WWININT RN U BILUUINRBIN U 8N T LT
Uslominaudasiimsfimuaveuiwauesnsiiaiudides
(Spatial unit) 11)1”mmzauﬁu3ﬂLl,uunﬁ"uﬂ’mﬁ’mad'éaﬂgﬂ
araluiudt Tagluns@nsninuinnsmnuesanels
Vin 1 Alaiuas LAZIINNNTATIIRBLANNYNADILE

J Sci Technol MSU

U INIANAMIRlRNNLULIIR89 CA-Markov WU
Iiflenugndasluszdulunai 60 %) mydnmasda
"Lﬂmiéfaamaaﬂ@ﬂm'mﬁ”ngﬂLmumammm‘ﬁwﬁuﬁﬁu
wuazliasimuelifueuwaditinnin 5 Alawas 97n
TaduulsATaNTNA 119 AUWEIRAN LUDI1809R2
sansaenamsilaalugisszaemslivinsandudsid
anwa LLa:ms‘?‘i'«a:ﬁmumauLm@vﬁuﬁlﬁmamquﬁu
Usstnnmsleuse lomifauiisdasnisananisal 52w
AU BIAANRF BT M IN TR B eI ImILENe
ssvnlfiuninaasemansamansailaududnanniu
mim@mﬁtﬁé'mwm'immmé’wméaﬂﬁﬂaﬁ”n
‘u’%nnﬂ@mauq@éuqdmmimmmaﬁLmsy RULLAD
6 Aufisnaiies FWTAuATNVENN SBnIEIAN
wuUaas CA-Markov 1nTayalg wsewingl w.a.2556-
2559 WL T4/ ARATLI USRI FUBIULLLINR0
CA-Markov lun13anansabnwAdgi9vnein 1 O
mansoimuasnsaufnuatldasudlugag 1-3 laad
Teflensudszansanasonsuld (R?0.8) uazdasaaadly
oy 9 aufsmsmmuaIutinnit 7 9 lunsanwil
aﬂﬁgﬂLLumjadmiﬁ'mum‘hmu‘samu«%ﬂmﬁﬁummw
2090 MRV FUEINTUAIBIBAIA LUNTNT NS
Waswuas é’aﬁ?umsa‘haaagﬂmeﬁmmmé}"maaéuﬂ;ﬂﬂ
ahsldrsmauasirnsasamansademeilaasumna
mslnauazirwmdunslvavasinle
NNHAMIANEN leWLA N FIRE N T UANY
gmL%a‘v‘ﬁy‘uﬁ3’]‘wa@iamﬁmﬁzﬁmﬂ%ammﬁwﬁv’ﬂuﬁm

v o w

AU U’]’)ﬂ’]‘ﬂ‘lﬁﬂﬁzﬁlﬂl DLW IUIBLFURIAUNT LA

YD ILFWIN I@Uﬁwﬁa‘hmuadﬂQﬂﬁ%’maga@ﬁuum EF
wal A A A . X Ao ¥ A
Na A I NTIURsuulasannianne e duiNwnSuiLUa o
uiuidei lasnninlifaalvnasen (Outlet) ud
Ly - L, ¥ odd i a
agndlsAiaunmsansluaadeldlunuindu 9 wielna
Lﬁm'ﬁﬁmiﬁ,’]LLum‘imaommgdL%\‘lmmmﬁm%mﬁ:ﬁ
mmuﬁuL?\&Jiumumaa%’ui@ga‘[m\ﬁhUmum'ﬁmuvlu'
Un@ (Tri Irregular Network, TIN) 3320 l3La sz ALEwANT
Inavasthaziuaasfianamsinalasuysalanau
UMIMTAATIEAMN T Maazanaadin (Flow accumula-
tion) zgagliaanInvasmumsnaszauzasiuazya
P o 5 A A = 9 = X
naldszunssinaananiuwnudanld waznsdanunaz
130 D nawhuu AT AT TR NANTENUNIIRS
waseulaglanzaunsinauazglassamsinazasin
mnmsvnedvesdilgnasisdeldlunungn 9 lelu

a g o v va Y = °
UG (1’]%’.]‘1]U%‘ﬂt'ﬂ’]l‘lﬁEN&?%%@]@’]%L@EJ%’]VM’NGLLN%



Vol 38. No 3, May-June 2019

An Analysis of Build-Up Growth Impacts to Water Stream Line of Motorway-6 Project 315

End Point in Muang District of Nakhon Ratchasima Province

NN ERANANIZNUMWNNTIZUI8YN LS 1% MILRNLE
muﬁﬂmiugﬂLLumia'i:msﬁw MILGTLNABNTUHNLN D

Ja95uHuANHIENNINNIUNG Lo

naanssndsend
awuﬁ%’vﬁg’i%’ﬂﬁ%’unuaﬁum&umnnuﬁ%’mtu,:
a v o A
Fnenssnsawneg sulszanmneldusesndiuszano
W.¢1.2560 LLa:vmhm%%’mgﬁmiaummﬁam‘iﬁwmﬁad
o mﬂ’imgﬁmiaumﬁ ATUSINYINITRITRULNA
VANINYINUUAIRITAN LAZRUI8TT8 Climate Changes,
Mitigation and Adaptation Research Unit; CMARE) @t
FILIAFDNLIZNTWEINTANENT IPIINIFIURIRITANY
o1sdigannsal WaRsylad swindarmaad
amznaluladnisinwas anIIneseNTAYINAUAT
v 4 o maa X ddee o 4
;dmmmzymuan@meuwﬂmmmuum&mmawaLLa:

o do ae X
‘Y]‘SWEI']ﬂiY]‘i]’]Lﬂ%l%ﬂ’]‘i’J’ﬂﬂu

Ll@N&1ID19DY

1. Wu Fulong. Calibration of stochastic cellular au-
tomata: the application to rural-urban land conver-
sions. Geographical Information Science. pp. 795-
818; 2002.

2. Wu Fulong. A Parameterized Urban Cellular Model
Combining Spontaneous and Self-Organising.
Growth. Geocomputation: Innovation in GIS 7. Taylor
& Francis, pp. 73-85; 2000.

3. Ward D.P., A.-T. Murray, S.R. Phinn. An optimized
cellular automata approach for sustainable urban
development in rapidly urbanizing regions. 1999.

4. Jantz Clair, ScoH J Goetz, Mary K Shelley. Using
the SLEUTH urban growth model to simulate the
impacts of future policy scenarios on urban land use
in the Baltimore-Washington metropolitan area. En-
vironment and Planning B: Planning and Design, pp.
251-271; 2003.

5. Ao aadiefin, miﬁ@mm’mﬂﬁ'muuﬂawﬁuﬁﬂgﬂ
g IudmIaduny: nannINIianziig
TADMWUAZLUDINRDY. MINNTUNTAYWIZUAT
N Inenmaasuazinalulad , 10(1), 96-107. 2558.

6. WisenG InTag@na wazaIund Fzgunina.

o

FTWUNMINTIENAUAIBAUMA FIRTATZ889. §D

AR 8AUA ﬂéjlléj&l‘li’] FIudTHuaz WU E
waasauthlaf ssindmnsthlal, nsuthld nyammwe,
2538.

7. Al FRiuwned. msdnsuuwlluaaiwns
Lﬂ'filﬂuu,ﬂmmﬂ"ﬁﬂiﬂmﬁﬁ@uluajwﬁﬂaﬁaLﬁam'ﬁ
MUHUMITANIRIaRaN. 31 snfinusiSanln,
ARINEALNBATAEAT. NTINNY. 2545,

8. gfiad e, LWL aeIRBNTENEINITANG
msalmaswudasnslgUss lomiAauusiam
106 Inzia 1naIwLRaN TIRTALWTTYS,
IneAnusIneemaaIumTodie, s1n3nenmaas
FIUIATOY, WAINLITUINBATANTAT. NIINNY,
2548.



AWuraualy

ldsunsudszgnddimnsunsunwnisnasfisinaladetsauaiwanadasasis

A Travel Itinerary Planning Application under Safety Constraints

Fduud asana’, a3fy nuaduEs’, 131 aIana”
Jitimon Angskun', Sorachai Kamollimsakul’, Thara Angskun®
Received: 2 January 2019 ; Revised : 11 February 2019 ; Accepted: 23 April 2019

UNAnga

luflagiiugasmmnssumsvasiisfimswigdvlnegedaiios iliuda: I8 o lddssmaiunimauinn doyalu
aﬁmﬁw‘mmﬂa%ﬂwmmL%aﬁuﬁmmmﬂaaﬂﬁsﬂ,ummaumaﬁaaL‘ﬁmﬁaﬂa%’ﬁéwﬁmé’wﬁaﬁdawam:mimma
damsrieafion udsnslsAmunuidusunisnsuaumasiendsiitsiladusuanulasaduiudsditasuas
liavauaga mu’i%mﬁ?javlﬁﬁﬁLauaiﬂmﬂimﬂi:qn@i‘é’:m%’mwLLNumiLaumoﬂadLﬁmmyléﬂf‘%au"lmﬁdﬁuﬁmmm
Usaasi lapfitadefifisadasivanulssadslumivasiion 3 e laur duenulivasasoluada shuanals
ﬂaaﬂffﬂu'ﬂagﬁu WRZENUMIRTLUEYUANNURDANY I@ﬂIﬁiLmiuﬂi:qnﬁﬁ"lﬁﬁwm%uﬂsznauﬁqsJ 3 NITUIWNIT
wan léun nszuaumsnsasanuiinazidunefiilidasads nsruauwmanarmdumImaaunmemudonlavesnm
0 auITlun T ERNSLLLTIINTlae LaZNTTUINMITASHAULNLINTLERNIIAINANaoAd Y
AszuumMIsaFulanuuesetie 1o UI‘L]SLmiSJ‘ﬂi:ﬂqﬂﬁﬁﬂ:ﬁﬂLauaLLNum‘SLauﬂ’mﬂmLﬁU’JI%E]JLLUULLNW?; Nan1YU LA
msanuausnlumsldomldsasfifoimawuin fissrmnafianufaweladeanumunsalumsldnuldves
IﬂiLLmuﬂi:qn@%mwag’hazﬁumnﬁq@hnﬂﬁa (X= 4.45, S.D. = 0.43)

o

AEAY: MINIURUMIEUNI anudasady nszuamnsdedulawuuiaseatie lusunsudszand
Abstract

The tourism industry has grown continuously. It generates a large amount of income for the country each year. Past
data indicates that safety confidence is one of the major factors affecting tourism. Unfortunately, there are only a few
existing research studies on travel planners that consider those safety factors. These research works are not
comprehensive. Hence, this research proposes a travel itinerary planning application under safety constraints. Safety
factors in tourism can be classified into three classes such as past danger, present danger and safety support.
There are 3 main processes which are the filtering of unsafe locations and routes, route planning process under time
constraints using the progressive routing algorithm, and the process of travel plans ranking based on an analytic
network process. The application presents the travel plan in a map. The usability evaluation of experts indicates that

the overall scores are in the highest level in every aspect (x= 4.45, S.D. = 0.43).

Keywords: Travel Planning, Safety, Analytic Network Process, Application

" {rsmani913d, 019138 *Hrsman a3l Hriwmaanarsd sw1ivunaluladasaunea umInedumnalulaiginT uarmzun 30000,

" Assist. Prof., ?Lecturer,’ Assist. Prof., School of Information Technology, Suranaree University of Technology, Nakhon Ratchasima 30000,
Thailand.

* Corresponding author; Thara Angskun, School of Information of Technology, Suranaree University of Technology, Nakhon Ratchasima
30000, Thailand. angskun@sut.ac.th



Vol 38. No 3, May-June 2019

UNUI
Tt wudlidwnefidalutszndlng SHumdszanm
57,000,000 A% Aaluiasas 82.4 vaslszansINNa’
lisfadns 9 deslimadiud laserdumalulad
SumaiﬁmLﬂuﬁugm’tumwﬁ'}ﬁagﬂﬁﬂﬁmdﬂq’wth
WY gﬁﬁﬁ]ﬁmmiﬁauﬁmﬁLﬂuqiﬁwﬁaﬁ"lﬁ'Lﬁ
anumaydanaiunalulaidwnaiitauls amfule
nswndvlsduusinaauiivieaien uwussiilsousy
Auladnsfiarnauiamnarniidang g AfsnouRnanniu

Tull w.a. 2559 Hinviasfisrmidemanian
mMsnfiendszmnalnedium 32.59 auan vl e
Ussine 1.64 uduun uasiingldanninvies s
71718 8.69 WERAULIN I@mﬁzgmqﬂaiiwﬁaﬁéwﬁry
Yoamsviadfien e oz inysw? WoNINNHETIN
fifafilymaung 8n 01 miszunavaslsaszunmalin
mulaldaundauiouss e sa (SARS Severe: Acute
Respiratory Syndrome) M3ysztnavad lininlnajsawus
Tnal 2009 M3amste wazmsteswuin’ laadym
mmﬁﬂuﬂa%’sﬁﬁwammmaqsﬁamsﬁauﬁm il
Suwinvasiienanss wasdsnansenulagassdans e
°uaa'gsﬁﬂqumﬁmiumsﬁadLﬁﬂa Faruiladnduany
Useadoivinduifiioniliidanuidgluniaden
FoUALAzINILHBARIN e lasannzadn Bl
qﬂﬂaqﬁuﬁﬁfﬂﬁaaL*?'imﬁumﬁuﬁwmu:lﬁummauﬁm
A2LALE @T’JEIL%@lﬁlﬂiLLﬂi&Jﬂiﬁﬂqﬂ@T’JNLLNuﬂ’ISLauﬂN
visafipafidgritefsiladoduainutsaadusadiund
uﬂmwiumsaﬁumbuﬂ'mﬁumaﬁauﬁsuﬁasaa%’uﬁu
gﬂLLuumsﬁadLﬁmﬁLﬂﬁﬂuvlﬂ

Iﬂnmsuﬂs:qﬂ@i’ﬁ%aswmwLmuviauﬁmﬁlﬁ
fu%msﬁfﬂ“n'auﬁmluﬂaqﬁ'uﬁmwﬂi:mw 21 n1Y
MIUNBANULFUNNINITLEUNS NIIIUNUANNTANUAT
Waula MINIUHUANFAININNA LAZNNTINILHUAN
Frunumsrieadien’ 4 LL@ia:IﬂiLmiﬁJﬂi:qnﬁﬁ%:LL@ﬂ@iﬁd
ﬁ'umu’?@qﬂs:mﬂ’maamuﬁﬁﬂﬁa:ﬁ@uuﬂﬁmaﬁumm
Fasmsvasinviasiien

Soo and Liang® IdviianasuuuwsnM s ien
Alkenumdniuteiiamuilszanauazian Ambite
et al® Vlﬁﬁwms:uu’mLLNuﬁaaLﬁmﬁaﬁum&uﬂ’mau
nMesetaiasin SnuuFaIUGI UazIOufing Ardissono
et al” ldWannszuufisnitsfsnata-Daasaniuivias
it Navabpour et al.® IR T UM IUNN YL
lasa1fogantdaonIINEIUSNNT (Service Oriented

A Travel ltinerary Planning Application under Safety Constraints 317

Architecture) Fan9unnlenInsiaunedaaindoadin
satszdme uazsnlW Tusmef Ngamsanit et a1.® 1633
wasiamszunlasdiisfsanudasnisvasinvieiion
Tudnunsdszndandsnn waemslBouanuilile
mnﬁq@mﬂunmﬁﬁmm Kim et a.” ldWaimszuy
uusnanuiviesfisn Wi ULaAI LRI BIFATUA
LTl Wu et al. "l szunsunsvieadfisndisni
feanwama Lim et al'? ToWamssu U SuNwAITLa%
mad’mqﬂﬂaﬁ'ﬁﬂ%ﬂﬁagﬁmﬂw‘i"ammwﬁwmammuﬁ
Mikhailov et al.” leWamszuunaununsaunaanlail
dnTusuninlnulasdribsfiatade wu dunedagiu
g MIasasiazadle-Tavesanui Rani et
al " laWanuunaurumsaunslasadomaianis
%’@ﬂfejaJLLa:ﬂtymmsLaumwaawﬁmm"mmﬁaa%a
Lmumnaumqﬁﬁs:ﬂ:maua:szummﬁamﬁq@ Wibowo
et al. ldWanszuUNUEUM TE M aRe lFm N s0 L6
mslufsaauiivissfisiuazmenmslunafianzay
Fnsunuitoiildanuddyiudsndudiu
anudasadslunisvieaiion ledun Andre et al.™'lef
aaﬂLmus:uﬂunmﬁaﬂlﬁumaﬁmm:awﬁqméww%’ums
PUFITN 1T FITULULBIT2 U5 3 dus
fio anutaeans snwema wazlemalunisaantingg
ma lasthdayaarsginssnanlilumadszduduana
Uaaads &% Niraki and Kim' leWaIMI 32 UL ILHLE
nsnyaas Moldiadpdudns 9 1w sonuATiosiien
FMWENMA FIEMBANNEEAIN wazanNaeade Tay
ﬂa%’méﬁumwmJaa@ﬁylmmﬁﬁﬂﬂﬁﬁﬁagmﬁmﬁumu
38030 GInTdwy gudnisunnd guduiny uazanil
fnraunlFlumsnsununsriesien Li et al™® uazamse
PO T UL WA E IR sanuaaadslay
mﬁmj’agaaﬁaqﬁamqmmLﬁuwwaﬁuﬂaugﬁuwmwr]ini
oImARas W aNdTiaNULEBIILEUNS Liu et al."®
LLa:ﬂm:ﬁwmuaimeLmuﬁauﬁm%dmfmmm
ﬁmu@i']a%'ﬂslumiﬂmsmvlﬁmqLﬁmﬁmmﬂﬁyﬁunu
wazmfiszunimuelilasUsens 1w Jadoduainy
aaany
nnewidoluedaazfinldinnuidoilvany
fdniuiedaduaudssasolunisroniioadd
$ruanes wazfinnsoniledudns 9 wathanldluns
Mannwliasudin deimunanuisaiauelusunsy
ﬂszqnﬁﬁ%m%fufml,mmsviauﬁmﬁ@‘hﬁqﬂﬁﬂﬁmmw
Uaaads 3 du loud suenulidasadvlueda du



318 Jitimon Angskun et al.

anulivasadvludagtu wazdrunsaivayuainu
Uaoads WIaNNUUINITUINNITFARRIALLLLASDTNY
(Analytic Network Process) Il ITaduduanud
AINLILAZLEFUNI IINNIHLRUALNBNNTLAUNNYIB
a . P & ¢ A P
mmmmmumaaIﬂsmeﬂi:qﬂ@]uuqﬂmmmaauw
N EIWIAMNREAIN NI TIIBHWINTAUNNIYB LN 87

Table 1 A comparison of this research to related work

J Sci Technol MSU

Tinugldau
B99INNINUNIWITTNTTUANE1I T
mmsna?ﬂmswummismmmﬁLﬁmﬁaaﬁumiﬁ@um
Iﬂmnmﬂnqnﬁéw%mwmemumﬂaumaﬁauﬁm
molddewlatsdudmanuisendold & Table 1

Planning Considered Factors
Research work Key Techniques
Routing Itinerary Budget Time Weather Safety
Soo and Liang® 4 4 4 v - - Resolution of constraint violation
Ambite et al.’® 4 - - 4 - - Hierarchical constraint planner
Ardissono et al.” - 4 - 4 - - Web services
Navabpour et al.® 4 - - 4 - - Service oriented architecture
Ngamsanit et al.’ 4 - - 4 - - Progressive routing algorithm
Kim et al." 4 - - - - - Tag similarity matching
Wu et al."! - 4 - 4 4 - Greedy and neighborhood search
Lim et al.” - 4 - 4 - - Orienteering problem
Mikhailov et al."™ 4 4 - 4 - - Context-oriented, Graph theory
Rani et al.™ v v - v - - K-means, Traveling salesman
Wibowo et al." - v - v - - Genetic Algorithm
Andre et al." 4 - - - v/ 4 Web services, Think aloud
Niraki and Kim"’ 4 - - - - v/ Analytic hierarchical process (AHP)
Lietal™ 4 - - - 4 4 Mixed-integer programming, Cloud
Liu et al® 4 v v v - optional  Linear temporal logic, A* Search
This research 4 4 - 4 - v Analytic Network Process (ANP)

¢

amﬂmﬂniiuwaafﬂittniuﬂszqnm
lsunsudszyndd@miuanununsidunmavas
izneeulaimeldiienludsduduanuiasadis o
WAl WD WA 0 UI T IUNIIIILHWAITEUNIri e s lae
o =S K a U > & o a U o v ldl
dnflaflailadduanudasadodudany gldviming

i’]au“ﬁayamnaumqLflwﬁagaﬁWL%;ﬂﬂiLLﬂiuﬂszqﬂ@T

g; 6 dl ° 2 nl'
awnquUiLLﬂiwiJszgjﬂmzﬂszmawaLwaLLuszaumm
MANNZRNANNIZALANNUREANE WIDNAUULFUBLNUANT
LAUNII BN ADIHWLHUA TINTOUWWIAANIITININ WD

Iﬂimeﬂizqﬂ@Tﬁ]mamﬁa Figure 1



Vol 38. No 3, May-June 2019

> I
Jayauun

1

v

_ upumuiumaneaiiien
-.

- _ L ] o
v aIueELNY
Go%k lI.NI!ﬂ”I'.iIﬁI!TI”NT‘DJI.ﬁU'J

S =
HEuNNINg

)

analfFmimiudlE

A Travel ltinerary Planning Application under Safety Constraints 319

S R
TMENUATING

Foymindn -
n
nIzTIMMINIRIamIHTinG:

3 =
swazidua

llN'llﬂ"l'lla'N’ﬂ'NﬁEilﬁ!ﬂ

.
B uitoaulml | 3

A
p—_————

dumaiibidasase

mzmum‘nmmuli’fuvm

mIAun

=z
@MU NAaUNg

~ (
1
1

I "
ANnFTUE Houadu
vealade anwnlaeads

N 70 oo =
m'nm'n:“ﬂiﬁmJ ;mq’im_qnﬁwmwdaanmj

Figure 1 An architecture of a travel itinerary planning application under safety constraints

ﬁﬂ’]'ﬂ(ﬂUﬂiill“llﬂdIﬂ‘iLLﬂiNﬂ‘itﬂqﬂ@TLLﬂ\‘]aaﬂLﬂu 3
1 v o d' 1 a o > 6 o (% 1 d' 1
89 oA gaud 1 muﬂgauwuﬁﬂupﬁmm FIUN 2 §I%
amgmummj LAZEIWA 3 RIUATUNSLNBANTLAUNIIYIDS
WAen

]
1 !

] Aa o % 6 o U v

dwn 1 muﬂgauwuﬁnmﬂmﬂu giflmma:

ﬁaai:qﬁfuﬁlﬁuma agm'%mauma ag@mnﬂﬂmﬂmu 738

dd - .4 g

ROWNNGBINITaUNI MY 091N wazIzuziIan

aaInshrlundasan1uwn LﬁaLﬂuﬁa;&aﬁnﬁwgﬂﬂmﬂm
Uszand asuaaslu Figure 2

[ ‘s' ] vV & '

dmi 2 damananwaa; Iudulszuians
Foyafildsunnsudjannusiuglduszdayaduany
Usaany 1aszdadnaunasiIlanaLNwn1IYiadtneIn
drilafisanudasadsuiniige ‘[md’mmgmummj
15naualy 3 NITUIRATRANG I

A3TUIWAIA 1 NTZUIUNNITNTBIRDNUALAS

v dl 1 = d’ v dl 1 ﬂl 1} 1
Wuwnanlidasass L;Jagifl,m:qamuﬂﬂmmmmumu
Usnnusiudliuds lsunsudszandaznsasamudiuas
Lﬁumdﬁmum@;mm‘fmwhiﬂaa@ﬁﬂluﬁwﬁuﬁﬂﬂ

lapasiasaudayaingutayaduanulaaais a9

waaIlw Figure 3

Bk Y N 9 & = 11:20

< ONILWUMSIAUNTY

A

= 13/472017

QAISLIAUNT

@ umdnenduinAluladasuns Aua gsuns URSSIsEY

i
NN 1

@ goudndunssudun Aua lswugAa uAssIsE Us:

@ 2 0.0 wii

DNIWU

Figure 2 A user input screen



320 Jitimon Angskun et al.

J Sci Technol MSU

Fuiipanuiiaafivranduufauiuiudly

anuiidilufimamsni
aulivasadeludianan
fidmanaiAue?

Ta

nnnsaiguusa?

fdaTuiivieadian
BOARIALHLATSFUNN

Taild

Tmmnieainnalivaoniy
weadmufiluiFd 1 nu. seuidunis

Judrananiifesmsfiums?

Tui

LGRS

AU
22NINURUN TN

laily

.y
v

defiodomimeadivmazdunms

4. , o b ,
Friunmrredeuluimnudeluruneudely

Figure 3 A flowchart of the unsafe place and route filtering algorithm

%ﬂﬁgﬁ%‘*ﬁﬂga@Tmmmﬂaa@ﬁmuﬁuﬁa;“Jamﬂ
ﬁmmwuaa;j’l%mu‘[ﬂmﬂmﬂ‘s:qﬂ@? %oﬁayaa:gﬂmn
aaummgﬂﬁad‘[@mj@um:uu

ATTUIRMTA 2 NFEUIUMITIIUNLAUNN
st Tagsiduneuwdslunsdundunmanuuing
m:‘[m%ﬂﬁgﬂﬁwLauaLLé’ﬂumu%%' ariau? unltlunnsm
une welamansndumdldfsniidne 9 fiwde
VNNTEUIBININTIEIBALaLFUNIR I Unaads
I@]ﬁLﬁumﬂﬁmuamuﬁmﬂLLﬁdﬁq@mﬂlmwznmﬁ
MRua

ATLUABMNSA 3 NTTUABNTIABUTULHL
AMseunIaNaNNlaeany aransulInnsaadula
wuuaiarngazvin i ladanulseaduasaaniuas
LEWNNNEL LﬁaﬁnLauaslﬁ;j'lﬁﬁaﬂmummszaam‘s
TuguaSungunwmMIEwnIviasfion S9nesziduaves
AU shazna N luidedaly

d2d 3 dawaBUNBUNBINIARNIBITE?
IﬂiLLﬂiuﬂs:qﬂ@Tﬂ:ﬁﬂLauaLqum‘nﬁumaﬁméwﬁumu
azuuuANNUaaany Lﬁalﬁpﬁfmmﬁammumnﬁuma
AUAMNADINTT Lﬁaﬂlﬁﬁammumnauma ldsunsu
Uzgndazugasdinnulaeaionaaaduniy szozng
1287 qﬁ'ﬁm@;ﬁwmm'imﬁuma AN T RINIROUT
LLa:LLamﬁﬁ'@@hLmu',waaamu’*?iLwia:a;m%aﬂmnﬂmﬁu

nulAglaAunwdaauduunun dsuaaslu Figure 4

4.m© N0 W 11:14

< IunISIAUNIA 2

|

69.41 %

AoWIAEY

s::NAAAIEUNY 172.860 flauns

1valumsiFEun 6 ol 51 Ui

QUAIMARWUY 11K

gunadowunsswdur unsssdu Usanalng

aoudadunsswau Awa Tswusna uasswau Us:inAlny

s:my 19.490 ilawns
wafumsiAuny 23w
0aun our

QuAmARwy 1M

Aoudadunsswau dwa wauUsanalng

iwa Auindou upsswdu Us:nalng

s 18744 flawns
wanlumsiauny 19uni

@V 280l

QuAnwY o °

Figure 4 Route explanation screen

NI UM TI AT U URI AL EUNIIANNAY
UaaadudionszuiwnidaaulanuuasaanenszuIwmg
Foaulanvuiedodne Wwnaitalumsdaaulafildnig
wWinuifouidug 9 vesudaziedy wazsznitanmed
muluilade Lﬁa‘mmaLﬁaﬂﬁﬁﬁqﬂlumsﬁ@ﬁu” FaTan
mauimagﬂﬁaﬁ

Tuaaui 1 MIAua YRR T I
Faavmssaanle dumsivuainusiumsdagulafile



Vol 38. No 3, May-June 2019

mnmsﬁnmﬁa%’yﬁLﬁmﬁaaﬁummﬂaa@ffﬂumsﬁaa

32122 & svs 1iiladefi g desiuanudaaa sl

Wien
viaaga snaantabadn 3 anu lawn

v dl 6 1 >

dufl 1 wamanlenalivsaadislu
Tyt wanetle nafiamanisaidne 9 fiennaliiia
anulidasadvlunsvisnfisaludagiu Fiminifia
gNIRETUMLIA AT NIRRT AR AR At
LT mnﬁaq‘nﬂffﬁ NI AR WA LAY WAZNIITUHA

A FREY o X ~

mimufias sldgnaraseuuszdafislilunszuiunsd 1

dufl 2 aminlanalivsaasislu

afia nuofly afdmafamamioidn 9 fusadliiu

A Travel Itinerary Planning Application under Safety Constraints

321

feanwlivaaadslumsviondion Sediladuuazinmaia
i lflunnsUssifiuenulsaads daladed 1-5 lu
Figure 5
fuit 3 %aaﬁua@ummﬂaa@ﬁﬂ

ERHLE i’.‘la%’sma‘[ﬂsdai’wvﬁugmﬁaﬁumguﬁmﬂ'sm
Useadvlumiviasiien W samwwenuna saniidnna
wsaaino/ Wi uasInsemviansisme Geiladoduitiiu
Taussuiiaaydonnudasadolunisvendior &
f]ﬁ]%’ﬂ“?‘l. 6 lu Figure 5

lavazldlassgsanusuiusmsdaaula
WULLAIBL869 Figure 5

1. qunw

"J"“”“ aﬂsm’rz
xﬁuﬁn ‘Jw

6. msnuuzmummﬂaannu

2. gz
amﬂms

Lﬁu%’in

Wﬂ"’ﬁ aai'wﬂi(iu
mnmu nans o)

3. arwbiswuvasdudias

dmsns
dedin
snsdlddu
HANSENY

v
uaAin

5. 21INTIU

iniwnﬂs

Lﬁsﬁm
% Sndldtu
HansEy

4. MIITNIS

dnsins é‘om
Audin fims

Figure 5 Factors and criterias of analytic network process (ANP)

Tunoud 2 nsuSpuiisuaningidg
fnwuzaasnaSouifisuanudidnszninguannm
ﬁ”'dmﬂul,l,a:mﬂuaﬂmju laguSpuifisutiunn 9 ¢ &
AnzuuwaNEAL a1 TERANUTUAUS
vasudazilads anmsiAutayadIunIgudIaLIIa
§2@2N (Convenience Sampling) 31W% 100 §28214 7
srduanudaiiuienss: 902 iliietinneii “dlng
doeuuuuseumalianuimdniuieds A snnndrdaie
B luszaula”

Tuaaus 3 nraFwIEISITUATINEIATY
Tagdrduanuidiiolun duisenuansdiedy

= = [ ' a o e & A v
Lﬂi&lﬂL'ﬂﬂﬁJLﬂ%ﬂ ) maanﬂﬂmﬂ mmmm‘i'}zmwﬂ%

Wamiafinaasisirquanuinyaasudasilads lag
AINARNAZLUBANUEI AL TAN A NI AR 9
AlaunanmadSouifisuaunannnsueInTzuInnIg
aagulauuuLaSaTnsuaalaas Table 2
v ' 6 o a
ndayalu Table 2 wuhinugidasniaie
Manniliseua sy InTTulazuuka NN AYIINTIe
waznmiaany lasunansznunidiiuinssund
flazunuanudidnyiosfige SuaasliiAuhdannage
Taaniladsauwarryinyuinadamsaasulatdunig
o o de e .
rieafisaanniige lwymsidandlasunansznuanniaiy
PuNETIINTAINAdaMIfaFulaldunIiaaneias
r
g



322 Jitimon Angskun et al.

Table 2 Weight of Criteria

J Sci Technol MSU

Factor Criteria Weight Rank
Health Death rates 0.0710 4
Health lliness rates 0.0138 19
Natural disasters Death rates 0.0515 10
Natural disasters Disability rates 0.0452 12
Natural disasters Injury rates 0.0140 18
Natural disasters Casualty rates 0.0113 21
Terrorist / political incidents Death rates 0.0766 2
Terrorist / political incidents Disability rates 0.0476 11
Terrorist / political incidents Injury rates 0.0398 13
Terrorist / political incidents Casualty rates 0.0223 15
Traffic Death rates 0.0579 7
Traffic Disability rates 0.0222 16
Traffic Injury rates 0.0199 17
Crime Death rates 0.0788 1
Crime Disability rates 0.0720 3
Crime Injury rates 0.0701 5
Crime Casualty rates 0.0697 6
Safety facilities Hospital 0.0279 14
Safety facilities Police station 0.0576 8
Safety facilities Public lighting 0.0572 9
Safety facilities Public phone 0.0137 20
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Table 3 An example of safety score calculation

J Sci Technol MSU

Criteria Place A Place B Place C
Factor Name Weight No. Safety Weight Result No. Safety Weight Result No. Safety Weight Result
Health Death 0.0121 2 Medium  0.3800 0.0040 High 0.6400  0.0077 0 Highest 1 0.00121
(Pers./Yr.) lliness 0.0060 4 High 0.6400 0.0038 Highest 1 0.0060 0 Highest 1 0.0060
Death 0.1257 1 High 0.6291 0.0791 High 0.6291  0.0791 0 Highest 1.0000 0.1257
’f'a“"a' Disability ~ 0.0395 0 Highest 1.0000 0.0395 Highest ~ 1.0000  0.0395 3 High 0.6280 0.0248
(Z:ra:;:s) Injury 0.0395 5 Highest 1.0000 0.0395 Highest ~ 1.0000  0.0395 18 High 0.6280 0.0248
Casualty ~ 0.0395 120 High 0.6280 0.0248 30 Highest ~ 1.0000  0.0395 0 Highest 1.0000 0.0395
Temorist / Death 0.0906 0 Highest 1.0000 0.0906 Highest ~ 1.0000  0.0906 0 Highest 1.0000 0.0906
Political Disability ~ 0.0906 0 Highest 1.0000 0.0906 Highest ~ 1.0000  0.0906 0 Highest 1.0000 0.0906
Incidents Injury 0.0486 0 Highest 1.0000 0.0486 Highest ~ 1.0000  0.0486 6 High 0.6287 0.0306
(Pers/¥E)  Casualy  0.0486 12 High 06287  0.0306 Highest ~ 1.0000  0.0486 0 Highest ~ 1.0000  0.0486
Death 0.0210 1 High 0.6322 0.0133 Medium  0.3908  0.0082 2 Medium  0.3908 0.0082
(P::Tsr_) Disability ~ 0.0113 0 Highest 1.0000 0.0113 Highest ~ 1.0000  0.0113 2 Highest 1.0000 0.0113
Injury 0.0113 2 Highest 1.0000 0.0113 Highest ~ 1.0000  0.0113 6 High 0.6289 0.0071
Death 0.0381 1 High 0.6289 0.0240 Highest ~ 1.0000  0.0381 2 Medium  0.3836 0.0146
Crime Disability ~ 0.0381 0 Highest 1.0000 0.0381 Highest ~ 1.0000  0.0381 0 Highest 1.0000 0.0381
(Pers./Yr.) Injury 0.0381 1 Highest 1.0000 0.0381 Highest 1.0000  0.0381 2 Highest 1.0000 0.0381
Casualty  0.0123 0 Highest 1.0000 0.0123 Highest ~ 1.0000  0.0123 1 Highest 1.0000 0.0123
Hospital ~ 0.0627  50m. High 0.6284 0.0394  150m.  Lowest 0.1494  0.0094 70m.  Medium  0.3870 0.0243
Police St.  0.0175  65m.  Medium  0.3836 0.0067  110m. Low 0.2329  0.0041  25m.  Highest 1.0000 0.0175
Safety
facilities Public 0.0984  80% High 0.6293 0.0619 85% Highest 1.0000  0.0984  85% Highest 1.0000 0.0984
(Min. or %) Lighting
Public
Phone 0.1105  85% Highest 1.0000 0.1105 80% High 0.6283  0.0694 81%  Highest 1.0000 0.1105
Total 0.8185 0.8284 0.8737
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Abstract

This research is about the use of rainfall grid data from the WRF-ECHAM 5 model with grid size 20 x 20 kilometers
for flood forecasting at Chiang Mai Municipality by artificial neural network model. If the rainfall grid could be reduced
to 10x10 kilometers, the potential of model for flood forecasting would be increased, so to reduce the rainfall grid, two
interpolation techniques were used.- IDW (Inverse Distance Weight) and Kriging,. Moreover, the data of water level
at Mae-Ngad Somboon Chon Dam is included as input variables. Also, finding the suitable architecture structure of
model comparing the number of 1 and 2 hidden layers (learning algorithm is Levenberg-Marquardt (LM) with number
of hidden nodes 1 Node, 50% and 100% of input variables. Flood events between 1994-2006 are used in this study.

There are three experiments; A (input variable is rainfall grid data 10x10 Km from IDW and Kriging), B (input variables
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are rainfall grid data 10x10 Km from IDW and Kriging and water level data from Dam) and C (input variables are

rainfall grid data 20x20 Km and water level data from Dam). The result found that experiment A with IDW rainfall grid

10x10 Km, 1 hidden layer with number of hidden nodes same with number of input variables (100%) has the most

effect with artificial neural model with 0 - (-0.6) meters error.

Keyword: Interpolation, Artificial Neural Network, Flood Forecast, WRF-ECHAMS5, Chiang Mai
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Abstract

Greenhouse gas emissions from human activities are the cause of the greenhouse effect, which influences climate
change, causing the average temperature on the surface of the Earth to rise and many other problems. The United
Nations Framework Convention on Climate Change (UNFCCC) is a global initiative that addresses global warming
and later, there was an agreement . The Kyoto Protocol seeks cooperation to reduce greenhouse gas emissions. The
assessment of carbon capture and carbon offset is another way to reduce GHG emissions in the agroforest system
in Laplae District, Uttaradit Province. This study is on the estimation of carbon offsets in agroforestry in Laplae District,
Uttaradit Province, with a voluntary carbon market value of 39.6398 USD per ha or 2,946.93 Baht per ha. It was found
that the amount of carbon offset value of fruit trees in agroforestry system in Laplae District, Uttaradit Province was
the highest in Lansium parasiticum (Lansium domesticum Corr.) at 89.3010 USD per ha or 2,946.93 Baht / ha (471.51
Baht per rai).
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Table 1 Plant name list in agroforestry, Lablare district, Uttaradit Province

No Family Common name/Thai name Scientific name

1 MELIACEAE Longkong Lansium domesticum Corr.

2 Langsat Aglaia domesticum Pelleg.

3 Siamese Neem Tree Azadirachta indica A.Juss var. siamensis Valeton
4 Santol Sandoricum koetjape (Burm.f.) Merr.

5 Almond-wood Chukrasia tabluaris A. Juss.

6 Ma Aa Aphanamixis polystachya (Wall.) R.Parker
7 BOMBACACEAE Durian Durio zibethinus Merr.

8 EUPHORBIACEAE Rambeh Bambi Baccaurea ramifiora Lour.

9 Pak-wan Tree Melientha suavis Pierre

10 Indian gooseberry Phyllanthus emblica L.

11 Hmurd Worn Aporosa wallichii Hook.f.

12 Hmurd Rong Aporosa villosa (Wall. ex Lindl,) Baill.
13 ANACARDIACEAE Wodier tree Lannea coromandelica (Houtt.) Merr.
14 Mango Mangifera indica L.

15 Marian Plum Bouea macrophylla Griff.

16 Lord Kwai Knema erratica (Hook.f & Thomson) Warb.
17 Maprang Bouea burmanica Giff.

18 SIMAROUBACEAE Kom Khom Picrasma javanica Blume

19 SONNERATIACEAE Cork Tree Sonneratia caseolaris (L.) Engl.

20 ANNONACEAE Kang Hua Mua Miliusa velutina (Dunal) Hook.f. & Thomson
21 Yang On Polyalthia viridis Craib

22 CELASTRACEAE Ivru wood Siphonodon celastrineus Giriff.

23 APOCYNACEAE Jackfruit Tree Artocarpus heterophyllus L.

24 White champaka Tabernaemontana pauciflora Blume

25 BIGNONIACEAE Broken bones tree Oraxylum indicum (L.) Kurz

26 Care Hang Kang Markhamia stipulata Seem. var. stipulata
27 Care Sai Stereospermum neuranthum Kurz

28 Care Fui Stereospermum cylindricum Pierre ex Dop.
29 Care Kun Fernandoa adenophylla (Wall. ex G.Don) Steenis
30 BURSERACEAE Tha Kum Garuga pinnata Roxb.

31 Sunrose Willow Canarium subulatum Guillaumin

32 Ma Fan Protium serratum Engl.

33 COMBRETACEAE Han Terminalia glaucifolia Craib

34 Beleric Myrobalan Terminalia bellirica (Gaertn.) Roxb.

35 Ramontchi Flacourtia jangomas (Lour.) Rausch

36 DIPTEROCARPACEAE Indian oak Barringtonia acutangula (L.) Gartn.
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Table 1 Plant name list in agroforestry, Lablare district, Uttaradit Province (Continue)

No Family Common name/Thai name Scientific name

37 ELAEOCARPACEAE Ma Mun Dang Elaeocarpus sphaericus (Gaertn.) K.Schum.
38 Ma Mun Rang Elaeocarpus lanceifolius Roxb.

39 GUTTIFERAE Mangosteen Garcinia mangostana L.

40 Tiew khao Cratoxylum formosum subsp. pruniflorum (Kurz)
41 Tiew som Cratoxylum formosum (Jack) Dyer

42 Cowa Garcinia nigrolineata Planch. ex T.Anderson
43 LAMIACEAE Ka Sam Peak Vitex peduncularis Wall. ex Schauer

44 Wild tea Callicarpa arborea Roxb.

45 Teak Tectona grandis L.

46 Null Premna tomentosa Willd.

47 Milla Vitex pinnata Linn.

48 LAURACEAE Mee Men Litsea glutinosa (Lour.) C.B.Rob.

49 LEGUMINOSAE Catechu tree Acacia catechu (L.f.) Willd.

50 LEGUMINOSAE- Makha Tree Afzelia xylocarpa (Kurz) Craib

51 CAESALPINIOIDEAE Pudding Pine Cassia fistula L.

52 LEGUMINOSAE- Ceylon Rose Wood Albizia odoratissima (L.f.) Benth.

53 MIMOSOIDEAE Iron wood Xylia xylocarpa (Roxb.) Taub. var. xylocarpa
54 LEGUMINOSAE- Ket Dum Dalbergia assamica Benth.

55 PAPILIONOIDEAE Burmese Rosewood Pterocarpus macrocarpus Kurz

56 Phee Pong Dalbergia cana Grah. ex Kurz

57 Red sandalwood tree Adenanthera pavonina L.

58 LYTHRACEAE Bungor Lagerstroemia duperreana Pierre ex Gagnep.
59 Sa Lao Lagerstroemia loudonii Teijsm&Binm.

60 MORACEAE Jackfruit Tree Artocarpus heterophyllus Lam.

61 Siamese rough bush Streblus asper Lour.

62 Monkey Jack Artocarpus lacucha Roxb.

63 PALMAE Betel nut Areca catechu L.

64 RUBIACEAE Robusta Coffee Coffea canephora Pierre ex A.Froehner
65 Tum Khaw Haldina cordifolia (Roxb.) Ridsdale

66 Ma Khet Catunaregam tomentosa (Blume ex DC.) Tirveng
67 RUTACEAE Bael Aegle marmelos (L.) Correa ex Roxb.

68 Common Fig Ficus sp.

69 Porcupine Orange Citrus hystrix DC.

70 Sa muth Clausena excavata Burm.f.

71 SAPINDACEAE Korlan Nephelium hypoleucum Kurz.

72 SAPINDACEAE Rambutan Nephelium lappaceum L.

73 THEACEAE Tea Camellia sinensis (L.) Kuntze

74 Mai Lai Mierocos tomentosa Smith.
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Table 2 Above ground biomass carbon stock of fruit tree in agroforestry, Lablare district, Uttaradit Province

No | Common name/Thai Above ground biomass carbon stock (kg)
hame Stem Branch Leaves Root Total Average Average
kg rai” Ton ha™
1 Langsat 3,974.69 1,295.09 199.05 968.79 6,437.62 804.70 5.03
2 Longkong 2,750.54 603.73 111.67 700.31 4,166.26 520.78 3.25
3 Jackfruit Tree 1,825.00 603.58 106.32 603.56 3,138.46 392.31 2.45
4 Durian
2,002.09 595.33 48.89 373.04 3,019.36 377.42 2.36
5 Santol 618.36 221.70 17.10 1,080.48 1,937.64 242.20 1.51
6 Rambeh Bambi 550.08 158.36 23.30 159.41 891.15 111.39 0.70
7 Porcupine Orange 128.84 47.78 7.35 48.89 232.86 29.11 0.18
8 Marian Plum 69.42 17.16 3.98 19.00 109.55 13.69 0.09
9 Mangos teen 44.01 13.69 247 11.88 72.05 9.01 0.06
10 Robusta Coffee 19.17 4.44 1.05 31.81 56.46 7.06 0.04
11 Maprang 11.21 2.97 0.61 6.88 21.67 2.71 0.02
12 Mango 10.03 3.24 0.47 2.91 16.66 2.08 0.01
13 Rambutan 0.61 0.38 0.06 0.22 1.28 0.16 0.01
Total 12,004.06 3,567.46 522.32 4,007.17 20,101.01 2,512.63 15.71
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Table 3 Above ground biomass carbon stock of forest tree in agroforestry, Lablare district, Uttaradit Province

NO | Common name/Thai Above ground biomass carbon stock (kg) Average
name
Stem Branch Leaves Root Total kg rai’ Ton ha™
1 | Korlan 599,553.49 | 182,828.57 | 10,729.36 95,057.21 888,168.63 111,021.08 693.88
2 | White champaka 291,499.83 | 116,154.86 3,725.38 43,371.52 454,751.59 56,843.95 355.27
3 | Makha Tree 296,015.78 02,367.40 4,368.74 38,518.62 441,270.53 55,158.82 344.74
4 | Beleric Myrobalan 238,377.79 89,181.88 3,388.25 360,911.07 691,858.98 86,482.37 540.51
5 | Tha Kum 245,368.28 88,267.78 3,148.19 337,433.80 674,218.05 84,277.26 526.73
6 | Mila 238,410.72 64,435.46 5,254.07 44,436.41 352,536.67 44,067.08 275.42
7 | Ma Mun Dang 221,157.30 78,512.68 3,837.44 38,571.07 342,078.48 42,759.81 267.25
8 | Ka Sam Peak 210,486.68 64,535.78 3,917.61 46,730.29 325,670.37 40,708.80 254.43
9 | Kang Hua Mua 200,154.89 69,405.78 2,903.80 32,496.40 304,960.86 38,120.11 238.25
10 | Ket Dum 160,287.78 60,339.30 2,573.91 24,638.40 247,839.39 30,979.92 193.62
11 | Burmese Rosewood 155,959.46 48,991.23 880.51 24,498.37 230,329.56 28,791.20 179.94
12 | Teak 155,445.99 46,524.57 2,747.30 23,541.75 228,259.61 28,5632.45 178.33
13 | Null 146,994.42 50,286.65 2,326.61 19,366.38 218,974.05 27,371.76 171.07
14 | Ceylon Rose Wood 134,779.90 41,161.24 2,184.61 26,712.37 204,838.12 25,604.77 160.03
15 | Bungor 109,092.88 31,420.27 3,193.60 21,999.98 165,706.72 20,713.34 129.46
16 | Sa Lao 100,188.22 33,045.39 2,727.50 19,650.76 155,611.87 19,451.48 121.57
17 | Red sandalwood tree 105,323.93 30,360.07 2,372.50 17,153.82 155,210.31 19,401.29 121.26
18 | Kom Khom 90,467.70 29,128.44 2,094.77 12,757.09 134,448.01 16,806.00 105.04
19 | Cork Tree 84,891.38 28,557.68 1,375.10 12,919.74 127,743.90 15,967.99 99.80
20 | Indian oak 74,252.20 19,585.68 1,713.20 14,410.98 109,962.06 13,745.26 85.91
21 | Wodier tree 65,422.89 23,164.16 1,609.84 11,794.21 101,991.10 12,748.89 79.68
22 | Care Fui 63,234.78 20,418.45 1,163.55 10,465.62 95,282.39 11,910.30 74.44
23 | Sunrose Willow 56,238.30 18,952.58 1,067.91 9,565.29 85,824.08 10,728.01 67.05
24 | Tiew som 50,626.05 17,543.20 1,105.59 8,630.80 77,905.64 9,738.20 60.86
25 |Ma Aa 45,420.48 12,456.49 1,100.27 8,5682.68 67,559.92 8,444.99 52.78
26 |Ma Fan 45,168.48 12,196.92 1,067.43 8,207.35 66,640.17 8,330.02 52.06
27 | Care Kun 44,869.08 12,062.50 1,066.46 7,973.00 65,971.05 8,246.38 51.54
28 | Cowa 44,442.94 11,721.60 1,017.68 7,731.92 64,914.14 8,114.27 50.71
29 | Ma Khet 44,413.50 11,598.88 1,063.08 7,704.01 64,779.47 8,097.43 50.61
30 | Pudding Pine 44,169.98 11,403.11 974.69 7,704.97 64,252.76 8,031.59 50.20
31 | Care Hang Kang 43,943.94 10,465.14 972.76 7,540.40 62,922.25 7,865.28 49.16
32 | Mee Men 43,871.58 9,982.53 973.25 7,239.65 62,067.01 7,758.38 48.49
33 | Lord Kwai 43,710.40 9,796.49 974.69 7,441.76 61,923.35 7,740.42 48.38
34 | Siamese Neem Tree 38,655.04 8,939.37 900.31 7,103.96 55,598.67 6,949.83 43.44
35 | Aimond-wood 37,457.44 7,208.09 892.10 6,533.73 52,091.36 6,511.42 40.70
36 |Mai Lai 37,209.93 7,241.20 838.49 5,807.60 51,097.22 6,387.15 39.92
37 | Indian 35,197.46 6,801.44 776.66 5,748.42 48,523.99 6,065.50 37.91
gooseberry
38 | Por Dang 35,147.56 6,378.73 729.33 5,807.60 48,063.22 6,007.90 37.55
39 | Tum Khaw 34,695.47 6,281.33 688.28 5,686.82 47,351.89 5,918.99 36.99
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Table 3 Above ground biomass carbon stock of forest tree in agroforestry, Lablare district, Uttaradit Province

(Continue)
No | Common name/ Above ground biomass carbon stock Average
Thai name Stem Branch Leaves Root Total kg rai” Ton ha
40 |Han 31,990.89 5,875.66 681.03 5,230.16 43,777.74 5,472.22 34.20
41 | Wild tea 31,875.12 5,850.82 677.17 4,877.44 43,280.55 5,410.07 33.81
42 | Hmurd Rong 31,697.98 5,569.33 670.89 4,733.08 42,671.28 5,333.91 33.34
43 | Tiew khao 31,478.42 5,504.07 629.35 4,603.64 42,215.48 5,276.94 32.98
44 | Ivru wood 31,471.43 5,029.74 598.44 4,572.36 41,671.97 5,209.00 32.56
45 | Betel nut 31,368.64 4,936.23 582.02 4,528.09 41,414.98 5,176.87 32.36
46 | Bael 31,293.29 4,921.14 569.94 4,480.93 41,265.30 5,158.16 32.24
47 | Ramontchi 31,193.49 4,790.13 542.41 4,474.20 41,000.23 5,125.03 32.03
48 | Phee Pong 30,632.11 4,757.50 532.27 4,388.06 40,309.94 5,038.74 31.49
49 | Catechu tree 28,850.18 4,743.87 530.33 4,335.13 38,459.52 4,807.44 30.05
50 | Iron wood 27,413.06 4,645.49 525.99 4,313.96 36,898.50 4,612.31 28.83
51 | Sa muth 27,151.59 4,523.26 501.84 4,267.76 36,444.44 4,555.56 28.47
52 | Monkey Jack 26,795.30 4,399.07 493.14 4,219.64 35,907.16 4,488.39 28.05
53 | Broken bones tree | 26,845.20 4,356.70 491.69 4,161.90 35,855.50 4,481.94 28.01
54 | Care Sai 25,952.99 4,142.91 489.28 4,008.88 34,594.06 4,324.26 27.03
55 |Yang On 24,419.06 4,106.38 485.90 3,967.49 32,978.84 4,122.36 25.76
56 | Common Fig 24,353.70 3,943.73 487.35 3,901.57 32,686.34 4,085.79 25.54
57 | Ma Mun Rang 23,897.61 3,900.87 477.20 3,852.97 32,128.65 4,016.08 25.10
58 | Kom Khom 23,470.96 3,670.03 474.31 3,811.10 31,426.41 3,928.30 24.55
59 |[Tea 232,440.19 3,609.64 474.79 3,609.48 240,134.10 30,016.76 187.60
60 | Siamese 22,971.96 3,601.37 393.16 3,5676.76 30,543.25 3,817.91 23.86
rough bush
61 | Pak-wan Tree 22,173.56 3,414.84 380.60 3,422.29 29,391.31 3,673.91 22.96
Total 5,632,340.65 [1,599,995.64 [96,133.91 [1,495,782.77 8,724,252.97 1,090,531.62 6,815.82
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Abstract

Water supplies in rural areas suffer from deficient maintenance thereby causing a problem in the water
quality standard. The purposes of this research are to study the maintenance procedures of the water supply
production and to evaluate the efficiency of the water system management in Sakon Nakhon Province (SNP).
A research questionnaire was answered by the local administrators in SNP (e.g. staffs and manager). Tap water was
randomly sampled in nearby villages. The outcomes showed that 95 % of villages in SNP have a water supply system
of which 60% use groundwater without filtration. Maintenance of the water supply performed by village councils was
not performed according to the system maintenance standards of the Department of Water Resources. Therefore, the
coliform bacteria of the tap water samples were measured at 50% consistent with free chlorine of 90% lower limit.
However, such problems were not found where the water supply was being maintained by the municipality appointed
from the sanitary district and Provincial Waterworks Authority. On the other hand, the analyzed parameters of water
quality met the quality standard of tap water of Department of Health (2010) 50-80%. Based on the results of this

study, the operation and maintenance procedures have to be improved and developed urgently.

Keyword: water supply system management, water quality, rural water supply
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Figure 1

Table 1 Method of water quality analysis

Parameter Method
pH pH meter
Turbidity Nephelometric Turbidity meter
Total dissolve solid TDS meter
Iron EPA Phenantroline method 315 B

Total hardness EDTA Titrimetric Method

Free chlorine USEPA method 330.5, DPD method

Coliforms and E.coli Compact Dry EC""

bacteria

A ready-to-use chromogenic medium for performing E.coli and
coliform counts, validated by AOAC (AOAC no. 110402).

100% 1% 2%
12% 15%

[ X 3 3 5 KX N

g % D B
& 50%

8% s

s50s o L
0%

Village ratio Population ratio

B Municipality water supply (appointed from the sanitary district)
[] Provincial Waterworks Authority

[[7] Village water supply

Figure 1 Service of water supplies in Sakon Nakhon
Province
Surveyed: March - June 2017
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Water supply system 68% 13% 14% 49%|| 1%
Waterworks agency 66% 16% 17%
Training 34% 66%

[ In the village [] Inthe villages and sent to other villages [[] Receive from other villages [] Unspecified [] No system
[] The village councils [[] Subdistrict Administration Organization [] Municipality
[ Ever ] Never
Figure 2  Water supply system, waterworks agency, and training in Sakon Nakhon Province

Surveyed: March - June 2017
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Surface
Water process

water, 30%

Surface water ‘ 81%
Groundwater 53%
[] Filtration  [] Without filtration
Note: NA, unspecified

Figure 3  Water process in Sakon Nakhon Province

Surveyed: March - June 2017
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I )
(a) B

Figure 4 Examples of filtration tanks
(a) Steel tank (b-1) Concrete tank for ground-
water treatment (b-2) Concrete tank for
surface water treatment (c) Tower water
treatment (4 in 1 system)
0% 25% 50% 75% 100%
Surface water 3% 86% 1%
Groundwater 50% 49% 1%
[] Steeltank  [7] Concrete tank HE 4 in 1system
Figure 5 Filtration systems in Sakon Nakhon Province
Surveyed: March - June 2017

Figure 6

Examples of elevated tanks
(a) Steel tank (b) Concrete tank (c) Tower
water treatment (4 in 1 system) (d) Steel

structure
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0% 25% 50% 75% 100%
Surface water 14% 63% 8%| 15%
4%
Groundwater 29% 17% 51%

[] Steel tank [] Concrete tank [7] 4 in 1system [] Steel structure

Elevated tank in Sakon Nakhon Province
March - June 2017

Figure 7
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1. Daily operational and maintenance duties
1.1 Machinery and equipment

1.1.1 Voltage and electric current inspection
1.1.2 Pump vibration inspection

1.2 Water processing

1.2.1 Alum preparation

1.2.1 Lime preparation

1.2.3 Flocculation size observation

1.2.4 Sludge removal

2. 2 day operational and maintenance duties
2.1 Back wash

2.2 Chlorine preparation

3. Monthly operational and maintenance duties
3.1 Generally inspection

3.1.1 Mowing and cleaning plant area

0% 25% 50% 75%

J Sci Technol MSU

100%

| 33%

T5%

] 50%

| 58%

| 35%

| 39%

15%

(o)

(I 20%

]| 58%

37%

3.1.2 Source water inspection | 42%
3.1.3 Waste collection from source water | 39%
3.2 Machinery and equipment
3.2.1 Pump seal leakage insepction 1 27%
3.3 Distribution system
] 39%

3.3.1 Pipeline leak inseption

4. Yearly operational and maintenance duties
4.1 Clearwater tank cleaning

4.2 Elevated tank flushing

4.3 Main pipeline flushing

[] Surface water

[[] Groundwater

Figure 8  Operated according to maintenance standards of the Department of Water Resources x, % Operated

according to maintenance standards and y, Duties description
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Parameter Results % qualified the standard The WQS of DOH"
Surface water Groundwater Surface water Groundwater (2010)
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Turbidity(NTU) 0.17-81.3 0.07-13.45 82 96 5

Total dissolve solid (mg/l) 10-346 30-975 100 100 1,000

Iron (mg/l) 0-0.9 0-213 96 98 0.5
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Note: " Water quality standard of Department of Health,

®The optimum chlorine residual is in the range of 0.2 to 0.5 mg/l.

1213



360 Jirawat Supakosol et al.

]
o A A

lasdandendaniiieitesnumaiaelaun ms
ﬁ@umﬁﬂﬁmwLiﬁ%ﬁ’]ﬁ;j@l,mszuuﬂs:m MIQUATNEN
SLULMUNATIWMIN NN Lmzwaqmmwﬁwﬁ"lﬁmnms
@Lm%'nmﬂmﬁﬂﬁsmauﬁmé’qﬁ

ﬁmmsﬁwmﬁﬂymwLﬁmﬁwﬁ@@umwuﬂszm
f’f%amnm_maaumuwujﬁ:uuﬂizmﬁg}LL@I@ﬂﬂm:nﬁumi
withuldwuwinnfauiasas 66 Imygg]l,mwuﬂszm
VL;J'VI,@T%'Uﬂ'ﬁ‘EJﬂamsmﬁ@‘hLﬁmmua:ﬂn;ﬁﬂmizuuﬂizm
Aelludoun: 66 S9naAARDITUNNSANINYEY WTSUNS
Tlr° wudhfesa: 81 vasuszimytm 27 wisluinud
dnuluninaztusaniduanilanauarsusnislasame
nysumMITNTRLazgauas un Wi ldsunsausumIgua
FTUUNAALTZTUAY MIQUATNENTLULAUNNNIATIY
mMathysinm LLazwamaaqmmwﬁw Tumsnwiluisean
Wuszuudszdhunanawazszuudszinfaéu luszuu
UszihunananLuLgaUINNNL I I aanana s
wnfisdasas 60 Alufiszuunsasdaduionas 47 @9
aa@mﬁaaﬁumsﬁumHﬂi@@lLLaszuuﬂs:ﬂﬂuﬁuﬁwudw
saulngiduszuumanaguiulasszuuesl tetnenagy
%uﬁagaLLﬂﬂIﬂidﬁ%ﬁqm§ﬂ°uaanimiﬂﬁﬁn'ml,azahﬂﬁﬁu
TAUTAL é’a&umsgLL@%ﬂms:uuﬁwzwﬂumuﬁLfﬂuﬁa
NTOIUULOIARNLAZLLLTIAAWAIN NIGILABITBEIH
Tnaldun mIyrhanuszaananIzagi mIganag
309 MIvnaNuazadinla SRR srunie §
Tngwuanuilumssuiwnuliduldemuanasguns
ﬁwga%fnmnuuLL@iﬁﬁaﬁms@‘i'}LﬁmmagLﬁmu@immﬁ
Haanin Lfiaﬁmimqmmwﬁwﬁﬁhm"ﬁ'r’qmmﬂ%ymﬁw
FunasiinaTwinyszies nsuewiTy w.e.2553 Wy
d']ﬁ’]ﬂszmmmamumwﬁmmgmmnﬂ’hirnﬂszihﬁa
Gua9 Table 2 ﬁwﬂi:mmmaﬁvlsjmummsﬁmmg’m
laun @hﬁ'La"}j@"hﬁﬂazmmwumwﬁma:ﬂ%mmmﬁﬂ
araoin lirnuwnasgwawiu ldun thusihes dwa
nalzed1 unanuIing Jaun 9 NTU USanaunan
a=anoiin 2.18 Un./a. ezt duawwales s1Lne
NauIN §A3Y% 13.4 NTU S5 aunsnazanoin 2.18
uN./a. LLazﬁwﬂs:mmmaﬁﬁwadLL“‘ﬁaa:myﬁ'\gaﬁnaz
wummmmzﬁwg\uﬁuﬁ duausd sunawsTu ey
yosudsnzaneinden 330-946 wn/a. HA1ANNTEA
300-684 3N./A. waqmmwﬁwﬁmmiﬂﬁlﬁmﬁ'uswmu
gowMTolNUAaTl 2558' 1%LL€iGﬁWUW@]’]aQ@]S‘E']ﬁ-
anawAINUIdavasudsaransiin 352-1,130 wn/a.
ANMUNTLIININUA 94-260 UN./8. LA LIS BMRENA=aNE

J Sci Technol MSU

#10.4-2.9 un./a. UNNATTIRA RNINIIUTIINNAATID
wuladnefuuazdlalaunafiFodanasyudedlis qan
ARDINLITINATN LA AT Vl,éfﬁﬂmszuuﬂszmmuiﬁm
LUULIANE 8 LmeLmjmﬁﬁamwwa TWRTAVDWUNT WL
dwqmmwﬁwﬁm%ﬁwmvl,u'ci’ml,ﬂm'ﬁmmgmﬁa%hﬂa:
60 LT

seuvlss i audninge msdfinauesd
Suaoufisnninmsdfininuuesszuulszihnana 910
LUUREUANN WUAINANITELRRIuALT wllanw
wasgin ldund maguadnunanmwinldvssszuutszh
flamIaannn msgua%’nwmmﬁiaﬁw madedainlauas
1989 MIELnEaznauluvia faumsdninauiiladwly
auanasgmnsguannldun mamdaueluundai
msm’maauLLa:@LLaLﬂéaﬁmﬁ"ﬂﬂ MILAILURIILATLT
GRELEVRTYRE wazaaasulumsangelsn nsdLinan
s2uulaud mIFnaTmaLiaasnanluIITINazNaY N3
TUNLAZNAUINNTIANAZNAY NMITNANMUFLDIAURZNT
Fanmonses anslsmuwiuanudlunsdinawes
lidwldanwanasgiumsguainsudgauainsnszuy
Agslimadfiunuag mnﬁayamsé’mmmﬁgﬁﬁLﬁmm
lagnssumangiunuinszuudssihasdiinudaludd
La"jaﬁﬂuﬁoﬁﬂaa@mm‘%aoguﬁw:guﬁﬁuvﬁﬁwu
iavasnauiua st Bludinmnaduwiodai
iuan s liazanetines mysungasneuludsanaznan
LmzmiéﬁdmwUﬂiaaﬁ]zﬁuﬁam'mﬂsmqﬂﬁu lapdng
iandsdsanaznanuazdensasneud WoRansan
qmmwﬁwﬁaﬁULiT’r’qmmﬂ%ﬁmﬁuuﬁummsﬁmmgm
Wiszihaesnsuawmsy w.a.2553 §9 Table 2 115z
Alirnwnmilaun snfiasfidndnsnunasiudaszadinie
ﬁhummmﬁmmzﬂ%mmmﬁﬂﬁLﬁummgmﬁ’aﬂa: 12
U8z 6 muéwé’uﬁuawa:ﬁmm@;mﬂ“ﬁfmﬁlﬁué"samaﬁw
LﬂumaﬁﬁﬂmmmuﬁmLﬁaaﬁums@‘hl,ﬁumumm;jg]l,m
sruudie msananuladnesuuuafiseluszuudseih
Aaudannniszuulszthunems Gsmsasanuiianu
FUNUTIUAARDIUBRIZAINAED ﬂmaﬁaﬁgﬂmﬁ'mm
wuanaTudazannisagerlinuladneiuuuaiise
mﬂjﬁmﬁm’;awmaﬁu%mzmmﬁamuﬁmmzﬁwnﬂu
vﬁ%iﬁmﬁl"ﬁﬁwmrmﬁﬂi:mﬁhuqﬁmﬂ uazdsztineauna

Namaaqmmwﬁwﬁmmaamﬁaaﬁumu%%’y
WALITWD LT Y ﬁg'ssmi“ AdnmszuulszihAaule
29ANTUIWITAIRGILANUEIUR 81tnaTines 39nia
WATEITIA LAY NS Uazamk’ AANENTIszUULs2UnAD



Vol 38. No 3, May-June 2019

dunazld@uiinin 16 wislu drussusads 391da
ANAWAT é”’magﬂ’j']ﬁﬂs:ﬂmgﬁwm‘hmumnvlajN"m,
inousiguanwinazih

a7Ulnan1939y

nsdnsszuudszihludmiaanaunsinginu
1°Eu'%msﬁ'1ﬂs:ﬂ'ﬁnﬂﬂsswmsu’%msmsﬁi:ﬂmgﬁm
fouar 87 fwdesuuSmyindszthanmadszthaan
niima wazmydsztuinawna szuvdszthaulwgdu
szuudszshnensdedaulnglifszuunses fgua
snmszuudsthaulaglieadisunsiineusumsgua
Snwszuudszih msguainn liidulUamamnasguues
nsuniwonsiuazmnwin liduldawunasgiwi
Uszthvesnsvewide n1svInisszuudszdanisuns
u’%msmiﬂszﬂw%iﬁmﬁﬂiz%w%mws‘i"] mIgualasnis
dszthdrugiinia wazmsdsedunauns (8n31ueann
§27A31798) szdnTawdnin

=) o)

naaanIIsndszne
HidpraveuguunIineasmalulainousaa

dauiaiuaywnwIdodiudizunn 2560 vevaUn M

290N3UNATIRIWNBIDUNTIVADURLURALDNN HN5%

dlnaituuazdauaruudsstwiiuiidsasznald

TaNALRZAIIH

U U

LN&NTD19D9

1. AFY3 9390304, Ininm 1e3eeany. anuLduin
wa3UuuunsuInIsssuudszinTuun. 113803
FANAUNSWENNTIN, 2548:14-22.

2. e Iyﬁwg@ﬁ. maavnidemszuuzihwiues
Uszinalne: nytiAnsNTR TInTanasuien.
TELIUNNTITY wﬁwmé’mgsﬁaﬂmﬂ@ﬁ; 2560.

3. Wrdunt iy, Yt Ranatios, daawss vawa.
madsziliuinuwianiinvasrsuuniadsiguow.
TENUMATY anInedonaluladyw3; 2555.

4. grvval pIasl, miﬁﬂmxuuw’?wnmzqmmwﬁﬁ
Use1fndn Aufiassnisusmsdindiuanuaain
S1LNa1UaIL JINIAUATRITIA. NINTVUAAINLAL.
2553:5(11):68.

5. 9MWI 81W13, BunwT gnddien, Tawds anae.
msﬂi:Lﬁ%ﬂi:%ﬂ%mws:uuﬂs:ﬂm%iﬁmsl,uﬁ?uﬁ
RAIAQUANTIEE. MITIWAAINA HEIUASUNTI Ll

Efficacy Assessment of a Rural Water Supply in Sakon NaKhon Province

10.

11.

12.

13.

14.

15.

16.

361

@ Inenmaasiazinalulad). 2557;6(12): 77-90
ANEIN W@3B9E, 87T Bundiing. nIguaTzuL
ﬂsfzmLLazqmmwﬁﬂﬂszﬁwaai:uuﬂs:ﬁwgﬁm
WUDLNANES Msladiuatingd snnewds 39nda
Wuaatna. Tﬁa’lﬁfi}'ﬁmﬁwmqmmam’ NANINLNRY
VLN, 2556;6(1): 47-60.

WINWA INBUAIUE, ANMWT §5UIn, Unnigad
ﬂsf:Lﬁ%gé’ﬁ.msﬂszLﬁuqmmwﬁﬁ:uuﬂizﬂmgﬂm
duadoaatedmiaanauas. lunsdszgnicns

'
=]

UWINENdBIIENsANUASIA 12. 2559 e 432-440.
Fuiai Soulna. ﬂaﬁﬂﬁﬁﬁw%wa@iaqmmwﬁw
ﬂs:mﬁwamvlﬁ“uaq"qmu 4wy dunelunlny Jmia
UATTFNN. 1ATINWIMINTINARATUALTUAA N3
u’%msmuﬂ'aa%wuazmms%ﬂm. NRIINLIAY
inaluladgau’; 2555.

UnUA Jizmasyng, 19900 FaanTaTaa. MIQUA
i:uuwﬁmLLazqmmwﬁwaJszﬂwaaszunﬂi:ﬂmgﬁm
WULAAWlWATIR AT wLAL. NINTIBUINESY
Yaulnn UL UAAANYI, 2549;6(12): 121-134.
ﬁ%’]ﬁﬂmuvmq‘mmwﬁ 8 NIENTWITITUFY. L%
32411, 2560.

wSail imes, Waefs AadigaIsm, 33031 g9, M3l
fuswanuiinala wazanudasmanalulaily
MIUIWITIANININEATN Uz as AN adLa
Sadon dunaflosananns SIRIAINAUAT. T3
TN, 2556;10(50): 47-58.
ATUNITNLNTIN, VIATZIUNTAUALATNFITNEN
UV UUURRGU. AT ATENTHNTNEINT
FINTNAUAZRIUIAFOY; 2548,

ATUNITNLANTIN, VIATZIUNTAUALATNFITNEN
FUUUI UDLLNGNA, NFINN: NIENTNITNEINT
FINTNAUAZRIUIAFOY; 2548,
ﬁ%’]ﬁfﬂqmﬁu']aamm,l,a:ﬁw nsvawy. gilans
ﬁwmqmmws:uuu‘%msamﬁﬂédmm”aw 296N73
ﬂﬂﬂiadmuﬁadﬁlu (Environmental Health Accreditation :
EHA). nysinuwe: lsfaWgayaannIsinisnuas
wisdszinelng d7ia; 2559.
NFUNFWENNTHILNANS. TIBNUFINBNNTENLNS
Uszinelng w.e.2558. NTINN: NITNTNTWHLINT
FINTNAUAZRIUIAFOY; 2558.

159amN FENaTEa, T8 AdIana, oty
138431, amumqummwﬁ'}ﬂizﬂ'nmzmmﬁa



362 Jirawat Supakosol et al. J Sci Technol MSU

welaasglfihdshmgiumena luufigaihaanue
FIRIAVBWBLAL. INTRITIVUNRIINIRLVAULAY.
2552:14(10): 961-974



AU ENTURRNUS

a & P a o o A ea o o A
MIFFANMIASUALNAIWlad WrIInendauniIasan MruaRuntar 6 aty adui 1 (@NNAN-
o € s ::' a s t:l' a s ai a £ d' s

NUMWLE) AU 2 (Hweu-wmen) atuf 3 (wnenau-Iguiow) atiufl 4 (nIngran-faniaw) aduf 5 (Awenou-
aaaw) aliuf 6 (WneAmuw-unaw) gawusynriumansnssasniuwle lalidesdusansn uazlddududas
Fafaun3IngapumanIany nanuildsunsiasanlunsasszdasfianszivhaula iuwnuinumuanuiiae
A 6 .;:i > £ 32 ¥ a =3 a d' & € L] v & dl 1 o
winaddanulninvuads unsdefadunadsinsiidudsslomidedsn wazezdaadununlidnugnin
luaRunmpwnslusasdunnneuazldagluszninsfiasanasfunlunsssle unanwergndaudas il
e YUy wazdwin aufinasusianmadusuals nifielinsmsliguniwluszduainasuamnauaz

sinludeBale

=1 U >

NMMILAILN AU

1. ﬁuaﬁuﬁuﬁtﬂummvlwm%ammé’ammﬁvlﬁLL@ia:L%;ma]:éTadﬁUﬂﬁﬂsiaﬁy'omm‘lﬂml,a:mmé'dﬂqw
msldnnnelwBananmslddsnimadouiudninm s dingseanundnvesnoiuiassouldninaesns
Fownmudsngulumenneludaany snciunsdisndu wwu dwiimedmnsildSmauds wasfildudavinle
hladnedu ddnimendingeiidowdnmun nglildaannmse snriudaans fniuduadunuwndonn s
mﬂﬁ%’umwmmaauﬁgnﬁmé’mmﬂ‘ﬁmmmnQL%mmmjﬁummé’aﬂqwﬂ'au

2. PWAVIGUATL lTnITaEIUIa A4 (8.5x11 'ﬁa) LRZAUN A8 UTZ LW NV LNTZANHEUAE
147 Jauilu 2 Aodw

3. wlievasuwadidnes e lnouszmendsngulilididnys Browallia New Zaidaslildanwys
YU 18 pt. AIWU %ag}?ﬁwuﬂ‘*ﬁﬁﬂmmm@ 16 pt. @and FiTananlionwIIUIA 16 pt. AW WITaTasls
AONBWITUA 14 pt. ARW undagauaziitateslddisnusumna 14 pt. Ganun 1Esassnwinusnidudadunie
NWATINTT Lm:‘ﬁ'agjmmgﬁwuﬁ lfonwIrua 12 pt. AW

4. mIsRuNduatiy ;‘;jTLauamm:é’fmﬁuﬁdaﬁuaﬁ'ﬂugﬂLmumamﬁuﬁaga@iﬂﬂﬁ agislaagronite laur
".doc" (MS Word) %38 ".rft" (Rich Text)

5. Fwanni anuevasunanylianiin 15 Wi w6139 30 7MW uaziena3s9ds

6. FNUINLANRNITON9DI LAY 2 Wi

7. gﬂLLuumiLﬂTmuﬁuaﬁu udatiu 2 dszian laun dszianunanunenunalidunlaunainuide
(research article) LLa:Uﬂmmmnmifﬂummaﬂmﬁ%’ﬂﬁ;ﬁ'uﬁmmvﬁ WIBLNANUMIITINT Wiaunanunaly
wIaunaNUUIAN (review article)

8. MIFIUNAIMU &Y online 32UU Thai Jo mmsmﬂﬁvlﬂgswanﬁmﬁ www.journal.msu.ac.th

9. mﬂéﬁ'@gﬂLmuvl,sigﬂﬁmmmﬁmmﬂ&iﬁmsmﬂNa\‘nu

v
UNAMNIVY/UNANNIBINT ‘lﬁl‘%mmmuwaﬁamﬁ

Fa1309 (Title) A235% neriasa uasRahnunsnasvesnuwide WWlddte anuelaiiin 100 ddnwes

'
A

Fodaslitinemennousznmdonge
%aé’ﬁwu% [Author(s)] LLa:ﬁagj slﬁﬁﬁy‘omm‘lwmm:mmé’mqw WAZITYFAUAUINIIITINT NI
WiaanTTuAdIRa uaz E-mail address °11m;jﬁwuﬂiiﬂm%aaﬁmamﬁﬂLLsﬂ {enadusTanTMIsInTnaadele
undaga (Abstract) Lnnsdatiannunuiseroteslias wasiifavnasudiwauiEandn anusn
laiiAin 250 d1 wialaitin 10 usIva wazliaaslddnte



adran (Keyword) sy liesundadevaudazmsidszanm 4-5 dau 9
UM (Introduction) tHusuGuduvadiiian fvananuduun mans uaziaglszasd M ldgnuided

TRPauan193v1msNNYIT8991nN1IATIIRBULANENTU TN Y

U
[

JagaUnsniuaziinis@nen (Materials and Methods) TszumuaziBoa Tu 1deu Uivimaass Taq

o

aUnIol FINVNIANEN T1UIU ANBIUSLANIZVBINIDENINANB FLLTTNTANEN LHUNNTNARBINIFDA IDNANT

3
& 2

Wutayan1sianziiazniulsug

HANNSAN®N (Results) TIETUWNATIAUAL a1uddLTuaautaIns39e adredaanldlanny duals
Fugeuuazldnarlivnaislddiwsme wdd@dias wie daudainn adslaamTaununlunu

39130luaza3Una (Discussion and Conclusion) LLam‘Lﬁ”LﬁuiﬁNamiﬁﬂ‘mmaﬁ‘ui‘mqﬂi:mﬁua:
WisuifsuAusunigiusesmsidofiasly isuanddlunnuanuifidmonulinewnteld assls manaladadu
uiin uaslinugudadifidedeld uarlwaudedamuanneihnanuidsolulduslont wiafissadusina
M35 Faduuwmsgniumaseasly

©1319 31 AW wund (Table, Figures, and Diagrams) msdadanianzfisndn unsnBluiadeslas
Bosiraulimanndasiudatuisluiiatos uasiidraturosu 9 Hummsinge Aseanuningldmzasudin
nydifiduansg AaBunagauun cndugd mw ununil deFuiuageiuans

na@nIInIzn1@ (Adcknowledgements) i:qgu 9 'jﬂmu%%’ﬂ‘lﬂ”%mmaﬁumgu LRZAMNTILLHEDINN
avdnslaniaglatg

LaN&19871999 (References) i:i_qli’lﬂﬂ'm,aﬂmiﬁﬁwm‘lﬁﬁwﬁﬂﬁmuﬁauvli’ﬁwslL’%@d laglt Vancouver
Style G9@88719T19879 LLa:mmmgiﬁuazLﬁml,l,azéf'saﬂ"ml,ﬁmﬁuvlﬁﬁ www.journal.msu.ac.th

1. nI919dInIRD

suluui: %a@’u@io. Foid0. AuWeSsft. souilosRuw: srinfiun; DARLK. p 22-5. (%a"q@; vol 288).

M2a819: Getqgen,TE. Health economics: Fundamentals of funds. New York: John Wiley & Son; 1997. P. 12-5
(Annals of New York academy of science; voll 288).

TUNWT 80939, aaulnHElaneadiin. AuNATIN 5 NIINN: quadmtﬁwﬁﬂmé’ﬂ; 2539

2. N19919899INNIET

sduvy: %‘a@”u@ia. Fol30irtotounaiy. Sadanians. URALW @aude 3 aanws JuAUA @TUT): wani.
M20819:

n. ssshidoemidaiiasiuasand

Russell FK, Coppell AL, Davenport AP. Ln vitro enzymatic processing of radiolabelled big ET-1 in human Kidney
as a food ingredient, Biochem Pharmacol 1998 Mar 1;55(5):697-701

N30k 193yes. msﬂ%fummw%”awmﬂIuIaE‘Jmiaummm:mi?amiﬁamjm‘ﬁ’lgﬂaﬂﬂﬁi‘@uﬁﬂ%ﬂmj. UNUINT
2547;24(2): 31-6

9. MImsduinindadiosiuasaatl

Russell FD, Coppell AL Davenport AP. Ln vitro enzymatic processing of radiolabelled big ET-1 in human Kidney
as a food ingredient, Biochem Pharmacol 1998;55:697-701

N30k 193yes. msﬂ%fummw%”awmﬂIuIaE‘Jmiaummm:mi?amiﬁamjm‘ﬁ’lgﬂaﬂﬂﬁi‘@uﬁﬂ%ﬂmj. UNUINT

2547;24(2): 31-6

3. semannsdszrainanis
suuuy : Tagfuds. Taies. lu: TaamzussonTnis, editors. TalanaITBNUNIIRNW e (o 3 1) Tuf; 1las
AFuuw, dezine. Wasinaw: sunnuw; INAUN. P.1561-5



fa819: Bengtsson S, solheim BG. Enforcement of data protection, privacy and security and security in medical
infromatics. Ln: Lun KC, Degoulet P, Piemme TE, Reinhoff O, editors. MEDINFO 92. Procedings of the 7" World
Congress on Medical Informatics; 1992 Sep 6-10; Geneva, Switgerland, Amsterdam: North Holland; 1992. P.1561-5.
wnd wnsaste, Aad yydaiiua NEWISNE AdIIIL WBW LATAITTE, U Tugn. milfianineunszdu
nIgnuaInin. lu: lenanmadsgauduuumnnisdsnms smdwnaluladousea a5t 15. soTuiTauaz A
aonniiwnaluladnruing. njamny; 2541, Wi 1429

4. N13AWBIINWIRIRNIH
suuuy: Tawauuniu. Ruwesaf. iasmTasouiliud; AR, wih.
M2a819: Stedmin's medical dictionary. 26" ed. Baltimore: Williams & Wilkins; 1995. Apraxia; p. 119-20.

w A a

WIRIUNIY ATUNTU AN W. 7. 2542. NIILNW: %W%ﬁﬁﬂWUﬂLﬂ‘ﬁ%& 2546. #1i1 1488

5. n1so9dINNIbIRONNN

suuyy: Sorfuds. oi3es. TonisdeRun U Wou u; Sect.: sohk 15.

@28819: Lee G. Hospitalizations tied to ozone pollution: study estimates 50,000 admissions annually. The
Washington Post 1996 Jun 21; Sect. A: 3(col.5).

wyvdh 3950ul ane ély‘aﬁuﬁ@um‘ﬁaaam:ﬁumaﬁusl,aqmmw. LARAIF 12 wown1aN 2548.

6. ddsannitsdadidannsaind

suuu: %‘aﬁum. Fal309. FonsaIBLENNTANNS [W38 serial online] TARWLaNaNT dnanduszyidandas; Vol no
(@1TUA): [$rwruniiannnsaudu). léan: URL: http://www.edc/govineidoc/EID/eid.htm Suft 1dan TRk nsaudL
(Dawia)

M2a819: More SS. Factors in the emergence of infectious disease, Emerh Infect Dis [serial online] 1995 Jan-Mar;
(1): [24 screene]. Available from: RL: http://www.edc/gov/neidoc/EID/eid.htm Accessed 25, 1999.

Fafinsd inaesy. wilunaluladanudulylduszfamsluamaa. imanaluladizg garan-funan (17):
2542 |dann: http://www.nanotech.sc.mahidol.ac.th/index.html May 13 2005.



Instruction for Authors
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Preparation of manuscripts:

1. Manuscripts can be written in either Thai or English with the abstract in both Thai and Ehglish. Papers
should be specific, clear, concise, accurate, and consistent. English language manuscripts should be checked by
an English language editor prior to submission.

2. Manuscripts should be typed in MS word ".doc" or ".rtf" (Rich Text) on standard size paper, A4 or
8.5x11 inches, and arranged in two columns: single space for English, double space for Thai language.
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Main Heading: 16 pt. Bold
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Body of the text: 14 pt

Footnotes for authors and their affiliations: 12pt.
4. The number of pages to 15, including references, tables, graphs, or pictures.
5. Types of munuscripts accepted: research articles and review articles.

6. Organization of research articles.

Title: denoted in both Thai and English, must be concise and specific to the point, normally less than 100 characters.

Name(s): of the author(s) and their affiliation must be given in both Thai and English.

Abstract: This section of the paper should follow an informative style, concisely covering all the important findings

in the text. Authors should attempt to restrict the abstract to no more than 250 words.

Keywords: Give at least 4-5 concise words.

The body of the text comprises the following headings:
Introduction: A summary of who is doing what, why where, and when?

Materials and Methods: A discussion of the materials used, and a description clearly detailing how the experiment

was undertaken, e.g., experimental desigh, data collection and analysis, and interpretation.
Results: Present the output. Li the information in complicated, add tables, graphs, disgrams etc., as necessary.

Discussion and Conclusion: Discuss how the results are relevant to the objectives or former findings, why? Finally

state what recommendations could be drawn.



Tables, figures,diagrams, pictures: should be screened for those important to support the findings, and separated

from the text. Captions should be placed above the tables but under the figures.
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7. Authors of review articles should follow the typical format style. This includes an introduction, the body

of content, conclusion, and references.

Submission of manuscripts
1. Manuscripts should be submitted through the Thai Jo Manuscripts submission system at www.journal.
msu.ac.th.

2. The uncorrected munuscripts will be rejected by the editorial board.

Review of manuscripts:

1. The editorial board will review all manuscripts for format compliance. Manuscripts formatted incorrectly
will be returned to the author for correction.

2. Following submission of the corrected manuscript, the Peer Review Committee will review and offer
comments

3. Manuscripts receiving the approval of the Peer Review Committe may be returned to the author
for revision as advised by the Committee. Manuscripts failing to adopt the Committee's suggestions will not be

published.
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