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Abstract
This research aimed to study on growth, total phenolic contents, and antioxidant activity of
red fingerroot (Krachai-Dang) grown in different organic materials. The experimental design was
completely randomized design. Treatments consisted of: treatment 1 sandy loam soil : chicken

manure : rice husk at the ratio of 2:1:1 by volume, treatment 2 sandy loam : cow dung : rice husk at
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the ratio of 2:1:1 by volume, treatment 3 loam sand : pig manure : rice husk at the ratio of 2:1:1 by
volume, treatment 4 loam sand : granular organic fertilizer at the ratio of 2:1 by volume, treatment 5
sandy loam : rice husk at the ratio of 2:1 by volume, and treatment 6 sandy loam soil (control). The
results showed that there was no statistically significant difference for plant height at 15 and 30 days
after planting (DAP) (p > 0.05) but at 90 DAP plant height was statistically different (p < 0.05). The
treatment of pig manure mixed with rice husk at the ratio of 1:1 had the highest average height of
17.50 cm. The treatment that was grown in sandy loam had the lowest average height of 12.66 cm.
The number of shoots per bunch was not statistically different (p > 0.05). Sandy loam: cow dung:
rice husk at the ratio of 2:1:1 gave the highest number of shoots (3.66 shoots) and average shoot
weight of 49.03 grams per pot. The total phenolic compounds and their antioxidant capacity were
statistically different (p < 0.05). Plants grow in chicken manure mixed with rice husk at the ratio of 1:1
had the highest total phenolic content of 8749.00 mgGAE/¢ DW and the best antioxidant activity of
82.05%. While planting in sandy loam mixed with rice husk at the ratio of 1:1 gave the least total
phenolic content of 5599.07 mgGAE/g¢ DW. The least of antioxidant activity was the treatment
planted in sandy loam soil at 71.73%. In case of cultivation for use, the planting material from
chicken manure mixed with sandy loam at the ratio of 2:1:1 should be used because it gave the
highest total phenolic compound content and had the best antioxidant activity.

Keywords : antioxidant activity, total phenolic compounds, Krachai-Dang, organic substrate
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2.2 M3ATILNRIAUTZENAUVRITEAUAN

Ansgvianudunsa-ang (pH) Imai%é’ﬂdauijwiaﬁwhﬁu 5:10 Taevwidn udrindae pH meter
YSunadun3edng (OM) Amsieilaeds Walkley and Black method (Walkley and Black, 1937) U3una
Tulmsiuanun (Total N) 35w Tneianiseesse conc. H SO, WEINdusE3s Keldahl Usinaumleanesa
IugﬂﬁLﬁuUixiaﬂjﬁ (Available P) Aas1gilagds Bray Il (Bray and Kurtz, 1945) wazUsunalwunaideu
fiwaniUdsuld (exchangeable K) Sinseilaenisaringae 1.0 M NH,OAc pH 7 (Jackson, 1958)

(c)
Figure 1 Planting in a pot and preparation for extraction (a) Krachai root
collection for analysis (b) cutting krachai for heat treatment (c) Extraction

of Krachai with ethyl alcohol

2.3 MSLAPNANTANANTZVIYUAS

Fandnthmiwesnssneunaiuiudamiuduiugn 4 WewSewhmadhgou iniseulvu
Tneldgaumni 60 esmwadea 1unan 2 3u Wszana 12 $alus) Wesuiadaudihmiwesnssmennsins
Fawiindnads

thiuduresniinssaeunsfiouasaminnsiuliasBenlmiun udnhnmosmnsemounanarin
TagldU3ma 5 n$u W0 9 Aweaesdmiurinismeaes thluwdiovues Usauevueadld 20 faddns
thiddiiadunan 48 $alug iflensu 48 dalus hansadanszaeunmvitnisnsesans udnasadin
nszmsuasTinunsnseatngudiitewmioavinnsiinses

2.4 memanzimdsunaansusznauilueian

nsiaTgimUsinaasuseneuiiuedn lunssusuaslagldnaaud® reducing property ves
a1sUsznouiuedn muISves Loypimai et al. (2009) lnegadiagsansainnszaneunsi 1.0 Tadans iAx
ansazan Forlin- Ciocalteu Avmdudu 10% Usunns 1.0 fiaddns wazansavansluifiouniiueiun (Na CO)
At 7.5% Uies 20 fiaddns antuwgilidniy dedidiluiitagumgivieaduna 25 wit qu
UfisonAnauysal udmniuhanseraeildluadnisgniusasiieniuemindu 750 uiluns dewedos
anlnsinlndimes (Spectrophotometer) LLﬁamfﬂﬂﬂﬁuLLmﬁlﬁlﬂLU%EJ‘ULﬁwﬁ’uﬂiﬂWywmgmsumﬂimmaaﬂ
lumhefiadniuauyansaunadndensuansaria
2.5 msliaziqusdusyyadazde3s DPPH

mi"?meﬁqwéﬁma%a'@aizﬁa&J'i%' 2,2-diphenyl-1-picrylhydrazil (DPPH) radical scavenging
activity assay A1135994 Loypimai et al. (2009) tnensisevasazats DPPH Wutu 0.1 fiadlua wanides

aaa

NSYAUEN QAANTAZANAIBENTNANRIINNTEVIUAN 1 TadhnT IRNaNTaza1y DPPH U3uns 3.0 148ans
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wehbiidiuudnaliluningamgiiviesuiu 30 wiil ndsnduildindinisganduuassie microplate
reader fineAdu 517 wiluwns measesaunlalilndiwes Iad1 3 ase Idnsawnadn (gallic acid) Hu
ansazanEuInTgIL T189UNaLduA %radical scavenging AuUIAIAILENNTS

(Ac - As)

A x 100

Scavenging (activity %) =

Ac = AINIPANTULENYBIYAAIUAY
As = AININANTUULAIYBIRIDENS

< a ¢ v
2.6 N1FNULASILATIZUDUA

v
v °

Juiinmnugwessiy S1uaulu aundidlu anuenly Yiinauasussneuiluedinnauauwazgns
nsenuayyadaTy udttayaudnTenANuYTUTIU (Analysis of Variance ; ANOVA) lagiUSeuiiiey
ANLRAEAIIS Duncan’s New Multiple Range Test (DMRT) #152AUALITDLIU 95%

3. NANITNAADY

3.1 asUsznaumuniiianuan
MInMITBRTzResAUszneunaeiiagUgnnudn Aanuilunsadisegsening 6.36-7.86 TUsuw

Buvieing seming 9.20-51.08% lulmsiauvismunegszning 0.56-3.16% vleaveaiiiuussleviegseming
112.10-193.76 fidan3u/Alandu Inunadesiuandsuls 66.06-98.86 Taan3u/Alandu (Table 1)

Table 1 Some chemical properties of substrates

Treatment pH OM Total N Available P Exchangeable K
(%) (%) (mg/kg) (mg/ke)
Sandy loam : Chicken manure : Husk (2:1:1) 6.36° 38.50° 2.46° 146.86° 81.06°
Sandy loam : Cow manure : Husk (2:1:1) 7.63° 31.00° 2.00° 166.40° 89.20°
Sandy loam : Pig manure : Husk rice (2:1:1) 6.93° 41.60° 2.72° 166.70° 88.63°
Sandy loam : Organic pellet (2:1) 7.86° 51.08° 3.16° 193.76° 93.86°
Sandy loam : Husk rice (2:1) 7.56° 9.20° 54° 112.93¢ 66.60"
Sandy loam 7.16° 9.82° 57° 112.10° 66.06"
CV. (%) 2.85 3.05 5.23 1.92 2.56

Means in the same column with the same letters are not significantly different by DMRT 95%

3.2 mmgwmé’unix?ﬂmme

MnsfnmANLgesiunszeuadaginnnlaufuisaeson daleugafisdunussezing
Taonwuiemgasiunszoszey 15 Yu waz 30 Ju liflanausndnafumaadd (o > 0.05) udileszozinan
90 u firnuuansefumaada (p < 0.05) Inens5u3si 3 Ausrutunsne yagnsnauunausngtdm 2:1:1 9z
fimnugueduanniian winfu 17.50 wufitues dunssudsn 6 YgnluAudndunseiimiuguadedeniigs
Wity 12.66 wuRluns (Table 2)
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Table 2 Effect of substrate on plant height of Krachai-Dang evaluated at 15, 30,
45, 60, 75 and 90 Days

Treatment Plant heights (cm)

15Day 30Day 45Day 60Day 75Day 90 Day

Sandy loam : Chicken manure : Husk (2:1:1) 1.23 3.50 6.36° 11.33° 15.00° 17.16°
Sandy loam : Cow manure : Husk (2:1:1) 1.13 3.50 5.16° 9.00° 12.83° 15.23°
Sandy loam : Pig manure : Husk rice (2:1:1) 1.36 3.33 6.30° 11.66° 15.66° 17.50°
Sandy loam : Organic pellet (2:1) 1.36 3.50 5.16° 8.66° 13.16" 16.13°
Sandy loam : Husk rice (2:1) 1.43 3.33 4.33° 7.33¢ 11.83¢ 12.83¢
Sandy loam 1.13 3.63 4.66 7.66° 12.66° 12.66°
C.V. (%) 11.67 8.52 6.65 6.09 3.29 3.65

Mean in the same column with the same letters are not significantly different by DMRT 95%

3.3 9UIUUUDADND

PUIUNUDADNDVDINTZIBLATUTITZZAT 45 TULSA WUITAMULANANAUNEDR (p < 0.05)
Sununlandsszning 2.33-3.00 Miedens assvevian 60-90 fu nui Swauvdelifeuwansaiu
N9EaR (p > 0.05) Woasuna 90 Tu S uundeiadesewing 3.00-3.66 wiesens (Table 3)

Table 3 Effect of substrate on number of shoots per tiller evaluated at 15, 30, 45,
60, 75 and 90 days

Treatment Number of shoots/tiller

15Day 30Day 45Day 60Day 75Day 90 Day

Sandy loam : Chicken manure : Husk (2:1:1) 0.80° 1.46° 2.33° 3.00 3.00 3.00
Sandy loam : Cow manure : Husk (2:1:1) 0.76° 1.53° 3.00° 3.33 3.66 3.66
Sandy loam : Pig manure : Husk rice (2:1:1) 0.76° 1.36° 2.66° 3.00 3.00 3.00
Sandy loam : Organic pellet (2:1) 0.80° 1.00° 3.00° 3.33 3.33 3.33
Sandy loam : Husk rice (2:1) 0.56" 1.00° 2.66° 3.00 3.00 3.00
Sandy loam 0.53° 1.00° 2.33° 3.00 3.00 3.33
C.V. (%) 6.38 7.01 10.07 12.93 10.54 12.69

Mean in the same column with the same letters are not significantly different by DMRT 95%

3.4 dwiinaavesiiugnszeunsieunazudsugn

dauﬂqﬂﬁwmzﬁmaLL@&lﬂ%ﬂﬁfwwﬁﬂiau 20 n¥u udniluugnaslunszans Wlenasiiuly 90 Fu nuh
nsgmeihimindudusassiauuanmatumsad (p < 0.05) Ao n3a3s7 2 UgnluAusiudunse ot
nauwnay axfivminanedeinniigaiiy 49.03 niusenszan dunsdEi 6 Ugnlufusiudunseasd
Atfeeflanuintu 33.70 nfudenszans (Table 4)
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Table 4 Fresh weight before and after planting of Krachai-Dang

Treatment Fresh weight before Fresh weight after
planting (g/pot) planting (g/pot)

Sandy loam : Chicken manure : Husk (2:1:1) 20 37.50°

Sandy loam : Cow manure : Husk (2:1:1) 20 49.03°

Sandy loam : Pig manure : Husk rice (2:1:1) 20 35.63%

Sandy loam : Organic pellet (2:1) 20 41.73

Sandy loam : Husk rice (2:1) 20 34.43°

Sandy loam 20 33.70°

F-test - *

CV. (%) - 4.00

Mean in the same column with the same letters are not significantly different by DMRT 95%

3.5 a'\iﬂsznauﬁluaﬁnﬁgﬂwuﬂLLazqméél"ma%a'ﬁas:
dothnszaeuadlviinneimumaiiuednuazgrdnisiusyyadassiinnuunndaiumeada
(p < 0.05) Wui N35UAFT 1 Ausauvunse yald : wnau dnsdu 2:1:1 eefiviinaasusenauiiuedn
Hamuagaiigaiiniu 8749.00 fiadn3uayansnunadnsoniiansarin daudosasmsiueyyadassvintu 82.05
dufiwutiosiigalunsaisiugnlufusuuunse fusinaasuszneufiuedniammaniniiu 5633.60 fiadn3u

auyansaunadnsensuasain dovsnisiueuyadaseiosas 71.73 (Table 5)

Table 5 Effect of substrate on antioxidant and phenolic compound at 90 days

Treatment Total Phenolic compound %Scavenging activity
(mg GAE/g DW)

Sandy loam : Chicken manure : Husk (2:1:1) 8749.00° 82.05°
Sandy loam : Cow manure : Husk (2:1:1) 6770.54° 77.32%
Sandy loam : Pig manure : Husk rice (2:1:1) 6551.00" 81.61°
Sandy loam : Organic pellet (2:1) 6821.59" 80.09°
Sandy loam : Husk rice (2:1) 5599.07° 72.90°
Sandy loam 5633.60° 71.73°
CV. (%) 576 321

Mean in the same column with the same letters are not significantly different by DMRT 95%

=
4. 3nU3ENa
NMeaeslannsesuastuiandunidiianeiy iszesian 90 Tu wudl nsIIEN 3 Ausu

' '
a a

JUnTY : Yagns: wnau dnsndiu 2:1:1 Ianuganniigandewitiu 17.50 WwuRlung sesasAenssuisn 1

q

v

AusUuMse : yald : unau 8ns1d 2:1:1 xlianuganindu 17.16 wufilans Seiananssuisuulinasie

N Y

awgdlaiunnsneiu esanyaansuazyaln Wuleduddifisinemndn Tiun Tulnsiou eaweauas
TnunaiBeu s19em1s30s laun weaden wundilon fuzdu wazsmomnsiasa laun wan uweniila dned
Tuseu lWavAlLLaYAaDTU uaﬂmﬂﬁgqﬁaaﬁuuuazmsmuwﬂ’]iLﬁﬁiyLaUImﬂuﬁmm (Naruchit et al., 2015)
wu sesluusonduiinanenisivdsunlasmunmuarnsiaugunnseaiedelaganiznnssdunisiia

510 Judimsiiendne seslauiuiussadudienszguniseannenuaznissenvesudn sesluulelnlaiu
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nsgfunsulamaduaznsaiaming aenadestunuideues Pojanagaroon (2006) Weldyalisesiumau
euugnnszyed inavinlvinseangmiinisiSyiulnduag Ailoiauduasinaue wansitazthluldluns
wlssu Fs@1 Innunchai and Kurima (2020) ¢

defivsamansinseiusinaasusyneufiuednionun (total phenolic compound) ﬁﬂqﬂ
TuSanduvidinainiu Saruuanaiunsed (o < 0.05) Wi n55aA37 1 Ausuvumse : yald : unav
dasndiu 2:1:1 TUTuamnniigaedsivindu 8749.00 fiadn3uauyansaunadnseniuansada sesasunde
N353 2 Aiusauunae : yah : unau Snsidru 2:1:1 SvSinauiniu 7,364.53 Tadn3uauyansaunadn
sonduansana JeUiinanzduiusiunnuannsalumsinueyyadassiiaiadeintu 82.05% way 81.61%
pud1dy nanfe WeliUimamueinuin mnuanusalunisiueyyadassiaguinduniudae tesan
msiueyyadasrdnilugazegluguvesansusznaufiuodnianun (Kim et al, 2005) usnainilunszwe
faflensiluieaniu (Pinocembrin) flualasu (Pinostrobin) wag (Cardamonin) daiuanseglungunlussd
eileuanansalunsiueyyadassléi (Tewrakul et al, 2009) uazdafinnuannsalumsiulhiaiiu
aunnMziunnses (HIV) lddnede (Kait et al., 2006) é’Qﬁ?umquﬂﬂiwwLmﬂu‘ia@@w'%éﬁumiﬁu
fannsaifisansusenouftuenanld dafunslidedunidanunsaifisiiuasiiuednuazauannsalunis
dueyyadastlunzidemea (Sereme et al, 2016) dmsumsnaasslufivin wuin mslideyaliaunsauia
asfuoAnldidudeniu (El-Moniem et al, 2012) ilesandomatiagdelimniinaiapiulaléd uazdaa
selasadnediu nafiuansueunaziulnswuluiufiatu 25-31% (Dayegamive et al, 2010) diolulasiau
diutudamdmvasnsveudelulasiauanas awianszuiunisiuefalswiuresulanauldd wanzdmiy
NM3ILEUAINNITRIYVOINY (Cordovil et al.,, 2005) yltinn1sduasizvansusyneuiiuednlan denndos
i Taokaenchan et al. (2018) wuih dvinavesieduvidannsaifiunisdaunsziasuseneuiiueanluiiy
vanevila Wy msliteyaiviliisgaedunsgiasiiueaniiunnniian WewFeudisuiunsliteyalruas
wad1ann dauteyaliaziimanareigiulauastimiinaanananuiniian aonadesfiu Lesing (2015) wui
nsldyaldlutinaiiutuasyhliviinasvising lulssauny eavesafiduuslon uay Tnunaidou
fuandsuldlufundsugnianfindu wasduhliauninnandnuazaisusenoufludniaunvesisgany
dindusae uenainil Kowwilaisang and Aninbon (2018) wui1 nsllleyadneammiindiuudliiudnil
astluednlumingsiian sesaun Ae nslitatniiuaznislallade mudy wandiiiuindeyadeaninh
annsatassiunsissyiulauasananludidas SnvduuliuiaransedieiiuasiiuednvouslugEn
14 vide mslddendnyaldfeudurliAnmausuugmiugauauysoivesiu SnvisfatheUanydossinevng
fifulssloviunity dmalidunondn wasiununnuemandndugvsmueyyadasy gty Snsedu
msadeansUsenouTiueanld wu weulnleendu uaswailiuess (Theunissen et al, 2010) uin 57
dpsrzansusznoufiueanldfvieliiiu fxlufunuduiusvessineomade aeandostu brahim et al.
(2011) wuinAenssuveneulsy phenyl alanine lyase dadweuledfiddylunsyuiunisdaunsisn
asUsznoufiuedn asfimnuduiusuuussafudiufuusinalulaseuiiieldu nanfe mnfivldFuuiu
lulnsiaufigeagdilinisdunneiansiiuednanas daumslitedundsidvsinalulnsausnintewnd 1
Hreviliifivainsensiuednligenin fazvrefinyarvesandauazilonmshlUlivsslevdlusundeine,
filieangudluouanse lUls
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5. d3Una

lefinnsanaugauesiunserisuns wuth funszenefinnugaisiususesie fe svey 15 u
uay 30 Ju uleszezian 90 fu nwui (1) nssAsTUgnluyaansnauunay dasndi 1:1 Janugaeds
Wnfige Wiy 17.50 wufens (2) Swoumesions wud nssudsiivgn Ausiuvunae yatuazunay
8§09 2:1:1 T numiosniigawintu 3.66 miauazﬁﬁmﬁﬂwé“aﬂgﬂLQ?HMﬂﬁ@ﬂth‘TU 49.03 nSuABNTEAN
(3) Usnasituednuazqrisnisiueyyadasslunsseuns wuinszmeunsgnludusiuvunse : yald -
unav Snsidau 2:1:1 aedlansusznoufiuedngaiigauintu 8749.00 fadnsuanyansaunadnsioniuansarin
wagenwansalunsiueuyaBaszviniy 82.05% fau fsnisUgnnssaneunsmsugnlunssuiBausu
Uunae : yaln : unau Shsndan 2:1:1 azdianumnzadig
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Abstract

The use of insecticides can increase agricultural productivity. However, excessive use of
insecticides can lead to chemical residues in vegetables and fruits, including affecting the health of
consumers. This research aims to determine organophosphate and carbamate pesticide residues
in vegetables from the fresh market and department stores in Mueang Chanthaburi District. Ten
vegetables (Chinese kale, Chinese cabbage, lettuce, spring onion, tomato, yardlong bean, peppermint,
cucumber, bird chilli, and morning glory) in fresh markets and department stores were randomized
in February to March 2021. The insecticides residues were examined by using the GT-Test Kit. The
results found that the overall of 120 samples were tested, 32 samples (32.50%) were found the unsafe
level of the insecticides residues, and 61 samples (50.83%) were found the insecticides residues in

safe level, and the rest 20 samples (16.67%) were not detected any insecticides residues. The residues
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from fresh markets and the department stores were compared, it was found that the markets had a
higher unsafe level of insecticides residues than those in department stores. The vegetables with the
most unsafe levels of insecticides residues were bird chilli, followed by spring onions, cucumber and
lettuce respectively.

Keywords : Insecticides, Organophosphate, Carbamate, Markets, Department stores
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‘maUﬂﬂa mu’m&msf,%mﬂuv‘l Dynamic headspace gas chromatography-flame ionization detector
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Abstract
Transferred trace fragrances can properly be used in forensic reconstruction scenarios and
can help to identify contacts between objects or people. The aim of this work was to study the
application of Dynamic Headspace Gas Chromatography equipped with flame lonization detector
(DHS-GC-FID) to the detection of perfume traces on fabrics and the transfer of perfume from fabric
contact. Perfume were deposited on white cotton swatches and kept at room temperature for 1, 3,
6, 12 and 24 hours before analyzing by DHS-GC-FID. The most often found fragrance ingredients were

o-pinene, (3-pinene, d-limonene and terpinene. The persistence of perfume on cotton cloths was
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investigated. Approximately 90% losses in the contents of all perfume components were observed
in the samples collected at 1 hours after deposition. However, the perfume components on the
cloths kept for 24 hours were still detected (< 5%). The dynamics of perfume transfer as a factor of
perfume contact time was also studied by placing another cotton swatch in contact with the one
with perfume deposition. The longer contact time (10 - 60 minutes) contributed to a higher number
of perfume components being transferred onto the contact cotton swatch. The results suggested that
when the perfume component was more volatile the less persistence of it on the fabric would be
and the perfume components was less likely to be transferred onto another swatch. This study
demonstrates the capability of the method used to identify the fragrance transfer that may be
applicable in cases of forensic examination.

Keywords : Gas Chromatography, Perfumes, Forensic Science
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ypsansdaaswiiludrunaslutimes (Katajit, 2018) \osnimeniidiuusenoudissimeldlaesssunni
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Tngansiafifiuosdussneuesimen Afluanavuadnazssmeidinitosdussnouiiiluanalvy) esn
neuaansalunisnanadulefiuansaiu ﬁmﬁﬂLLazL?Tar;?wmmm@msﬁuﬁmamléfaéwadwammmmﬂ%
Tnensa ‘vﬁamiﬁuﬁaﬁu‘?mqﬁﬁﬂéumamw'%aﬁmﬁaﬁuawmmﬁﬁamﬂﬁﬁLﬁudaumaﬂuﬁmam (Davidson, 2017;
Kasting et al., 2007)

nmsansUIsefiietesTulin e inansuaiesosdersdmsunstinumiiivendans 9
fifinannTu uddeves Rastogi et al. (1995) laAnwinisinszsiimenluniesdiensiremaia Gas
chromatography - mass spectrometry (GC-MS) Inevhnis@inwiesduszneuluniesdienafiomasivseneu
mMaiinenasilmanenisut FaldFneisnisintufetsnnsseannymsnaosiveNyaRen1s AT IEI
peRUsEneuTismede warluuiseves Gordon way Coulson lull 2004 ldnsiadeuutissosity Ay
\3psdonaiinutes waviresdenisineleulududedlngiinzisesiioureudasesity fets 53 via
Aaewmaila Fourier transform infrared spectroscopy (FTIR), Gas-Chromatography (GC-FID) Wagn153tAsE 1
X-ray $ENADIaNSIAUBIANATOULUUADINTIN (SEM-EDX) WU \3psdensiidouuuiinug 5 mssiaduns
Aanunsansaanule wavanunsasiuunadeld Tnemsinsvidsmedameant newada FTIR, GC-FID wag
SEM-EDX @131150914UNANNNARY B 98.3, 93.8 uaz 82.0% MNuddu wardnlmadeseanudsiuty
annsasuunlaie 99.7% uenainiilull 2010 Snow waz Bullock HinAdia Static headspace extraction-gas
chromatography (SHE-GO) afunilslumaiiailifusnniigadmiunisinssiansusznauiissmeldine
Anwmsnsantatmenldiinisdneiinslunisinseivedds SHE-GC T¥iAn sensitivity gy ilavene
fremslnuves SHE-GC wazitewaurianslidussuuanniy

Gherghel et al. (2016) l¢annAimsiinswivsinanimenlagldinaiin Gas chromatography -
mass spectrometry (GC-MS) titensiinsssassesvonimen Snsmageunainvasnisaeleutie
ioustlomtinediineneand nanismaassuitnanidnduiatuivesiinadeUsinamendingiaele
yonaninandifdudatiuivendnaneasdussnevvesimeniitinnisaneleu nsAnun bl
nsdudady 9 es 1 uniteansadieleussduszneuresnimensiuauannld Ghershel et al. (2018) ¢
WAIUINITNTIVTIT08UBIESUTENBUDUNIITEMMY (VOCs) ﬁLﬁaasﬁaaﬁuqmmmimLﬂ%aﬁwaw 1ng35n5
32U UVDY headspace solid phase micro extraction (HS-SPME) tag chromatography - mass
spectrometry (GC-MS) Tag@nwinannisarn uazgamgiimsadnfimnzaudniunisataans VOC finns
ATIVADUANNYNABIVDITS WU FHMTAATIETAAAYEIN1IATIVTAUALMINITIUTINA AHILEN Hudu
WBd1e 1 Alenuihguarfimmumunuiidnenmiesdusunmmesiinmsiiiiuss i nmdmsunmsnadey
dveuld dloun Ghershel et al. (2019) ldvhnisnaassnsanelouthmenssindaostunasiluinsz
pewmaila solid phase micro-extraction gas chromatography - mass spectrometry (SPME GC-MS) 1ng
ﬁﬂmﬁﬁzwLaaﬂﬂﬂiﬂqagmaaﬁwwauizaznaﬂumié’mﬁauazizaznamw@awuamfmamuuﬁw%uLLiﬂ
Aeuiiazdnelouuudnduiiaes nsmaasmuIiduiidesansansranuimenldutinandudasswinedin
aostuarduidins 10 Junfuasusiiniwennsdonguinduuuimdnuud 48 alug

Ygymnisneandtndululszmelneg 5@%LﬁuﬂﬁﬁLﬁmﬁuLLazﬁauiwigaxmmiamﬁuﬁaﬁmw‘iﬁm
wasny lnedinadrsalud we. 2552-2556 dn1sdunulaviies 2,400 AR nfdsenul3iaun 4,000 A

a

agslsinuannisdrsiaadfenvginssuniausenvu (crime victimization survey) Sfwdgwndumioves
nsgnUudungs 31,886 518 Anwadeidu 87 ese 1 Tu wielunn 4 15 wifinelivbeainnisvudu 1 51e
FauanaliduinfilidfinnsudsnnuiusisiaiieUszana 87% (Aunahagate, 2014) MItUMSWINEIUNANSIY

fanunsaddignszvhanuialagsirandeasdelimatasandadubeiiddy Weswinnsdudalndda
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sehawBeuazesasdeluszrinmstudu malinnsinauneniidnenmitaz tuedolionsiiinemans
dinduiiannsalflunissinusdadessniiindunazorassylssinnvesnisindeuarssasnatnaus
fndteld ogndlsfimudsiisnduseddunnnisinymansaiiofnmunsudsuwamesimenlusuuuures
naNgIU

mu%ﬁﬂﬁﬁqmizmﬁwﬁﬂﬁaLﬁaﬂ’@uuﬁ%mﬁmeﬁﬁammﬁﬂ Dynamic headspace gas
chromatography-flame ionization detector (DHS-GC-FID) G'TjﬂL‘f]‘uLﬂéaﬂﬁaﬁﬁaQﬁ'ﬁlﬂiuﬁadﬂﬁﬁammazL‘fJu
Fitazan nnd AhslumslieneiivesandeinuasAnwvinmseseguenimennevdinsdielou lag
nsaeleuimesansaidsusuunisiielewimeussriade sty araifieUssiiuauanngn
Tunsrsaduvesimenfignaielould uenaniinisdreleutmendunssuiunsitlingats n1sfnuiiis
fesmamaseuanufguithengvesimeuiiniuilugnisnsanuvesasiediifinaluanafiviinaiuuder
Juilans uazsvzanfitndudiatu widvinavesinamesimeniinsranulussinFuitaondelumsssy
vidonadeuddeiyananningueulssinmnawteasiiaunsassmeldlunumsindfinemans

2. A5N15Nna84

2.1 1Avasile gunsal uazansiail

\3psuialasuinns @l (Gas Chromatography-Flame lonization Detector (GC-FID)) U TRACE 1300
31NUTEN Thermo SCIENTIFIC Usznaufiuaunsaidnansfieg19dmlusi@ ITEX Dynamic Headspace Tool
for TriPlus™ RSH Autosampler Aoduiild BPX-5 (30m x 0.25 i.d.;; 5% phenyl/ 95% methyl
polysilphenylene), tA3asufalasuninsnsf-uuaaiuaaiualnsiiines (Gas Chromatography-Flame
ionization Detector/Mass spectrometer) iq'u Trace 1310 GC 91nUSEN Thermo SCIENTIFIC Usenaunu
AOaNY TraceGOLD TG-5MS GC Columns (30 m x 0.25 mm x 0.25 um), Indmsudnasfiegns
(Head-space Vial) , #1é1e 100 %, dvenLUTUS AN s sUsEINe (Sample A, B, C, D, E) LAUVALUTUS
Viasdiu (Sample F, G, H, 1, J) Fadendonniusmiioimennusismanauar s etienmsesylad

2.2 Anwranraziiunzaudmiunisinsieiuiveudemaiia In-Tube Extraction
Dynamic Headspace Gas Chromatography-Flame lonization Detector (ITEX-

DHS-GC-FID)
nsdnwanasfimvalunisinssiesdusenauresivoudielildannensiiaesiid
Usgansnmanniigalunisuenfinvesusiazesdusznou nmsvaasslnenisildsugumniivesneduiliiiels
wanzaufuiedesile gunsal uasiiszansnmlunsuondia wansisnsed 1 vhnsieneilasindegng
thmenu3anms 100 lulasans ldasluwindniuinaissegna (Head space-Vial) vua 20 fadans wanily
\seisemafla ITEX-DHS-GC-FID Tnssgamgiigunsallumawieusoslissmenasdule (ncubaton

a a

g
#1 40°C \Junan 5 wifl gamgidudmiudnansiedne 45°C Usumslunisiidhansdedng 500 lulasdng
RN IUSINANANTAI9E (Injector) 250°C fagnsnstansid (Split ratio) 7 5:1 8ws1n1stva (Flow

rate) 1 Haddnsseundl uiadmnliredide (Helium) uargaumgivesiingindasiey (Detector) 300°C
YINNIINAADINUUNMONYIY 10 F0E9 9 ag 3 41
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M13199 1 annzdmiunsasanmgiivespesunldinszvidlemaila ITEX-DHS-GC-FID

RRREEAT an1azildlunisnnasg

1 Budui 30°C Asld 1 il iingamgiliasiuain 30°C fs 240°C Mudnsn 20°C/undl wiAsNgumaiin
240°C 1¥unan 0.5 w1il

2 Buduit 40°C Akl 1 il iingamgiliasiuain 40°C fs 240°C Mudnsn 20°C/undl WMl
240°C 1Gunan 1 Wit

3 Busun 60°C Asld 1 Wit iugnumgiligeduain 60°C fia 240°C Mudns1 200C/unil wiAsTigaunaiii
240°C WJurian 1 Wil

4 Busun 30°C AdlY 1 unil Wiingaumgiilvigetuann 30°C fis 60°C fgdnsn 10°C/ T uaziiingaumniilv

#90u8NASI91N 60°C v 240°C fwdns1 20°C/unil udaafigaumgin 240°C Wuran 1 wiil

2.3 Anwasdusznaulutimandae GC-MS

i wouwusudissmeari e sudviosiuiideninAnwesdussnouiegluimonusas
osfUsznaulnewmatia GC-MS elimufiananiiidussdussnouosimen Tnefnseiladld anne
nsnAaes pamgiuInadaasiaegn (njector) 250°C RednaInstianadn (Split ratio) 7 5:1 WufaBidex
Junfadmsumansiegadineudinilusutsinmainssi snsnisina (Flow rate) 1 faddnsseundl
#a Solvent Delay 3 un#i uassspmuginoduiil 30°C adld 1 w1 WugamgilFastuan 30°C F 2400
Fhesns 25°C/undt udnsfigaumgiiil 290°C unan 15 unit Usinaasidadhreduiiiviunes 1 lulnsdng
fagangiidauiilevesansriussninedoudalasinsnmfifuaiowsandalnsfinos (Transfer Line)

axa

warUsnadiinlessu (lon Source) #i 290°C F37ivhlvlevesansnaneidulessudie Electron lonization (E)
fadedmdsnuegil 70 ev AunaeUszq (m/2) TFTazviogluta 10-400 amu. Rerndmsnsiase
%’a;&aagj‘ﬁ' 2 spectra/s lagiduaiunasuaziisudulusunsy National Institute of Standards and
Technology (NIST) §u 2.3 Lﬁal%’m%uLﬁEJUE‘Uu:uumit,mﬂmasuaqmié’fﬂ@&iﬂﬁﬂ%’@gﬁ%ﬁﬁﬁﬁﬁasﬂuiﬂmﬂim

2.4 ms%Lﬂiﬁxﬁmsmag%aﬁfﬂmuﬁaamaﬁﬂ ITEX-DHS-GC-FID

fihe 100% Fsgnidenulilunuideiiiiesann fiheduindteslddmivineoutmnieluiin
Ussniu Tnglunmsdnnadsiiiiundmduiuaun 3 x 3 wufwes wdntunhlunauunssanuniinad
rumsiearenaudliuaivesshegnmenaslduuinuiines 100 lulasans InsuSunmsvestivey was
ﬁuﬁmaqﬁwﬁﬁﬁ%aaqmmﬂmﬂdﬁ;mamamﬂﬂaﬁﬂﬂ Fadumsamihmenuinadeiuurdeusnasennae
FamsBaivew 1 awsd AndudSuastmeuussanal 300 lilasans uaviifuiiduiadsyana 3 x 9 wuRwns
wérdesiiliTigumaiivies anntufufegiedinfiszesan 1 9alus 3 $2las 6 Falus 9 $2las 12 Falae waw
26 Falua muddumendinseaiven ndsantunhiuinldaslurin Head space udnildimsze
frewmaila TEX-DHS-GC-FID wWudienfunsnaaesd 2.3 11 Chromatogram #ilénnn1svaasssniaseiina
mMneaessialy ¥innsnnassnTuinegaivents 10 feths fethsay 3 Ave

2.5 Msiwszinsaneleuvasimendlemada ITEX-DHS-GC-FID

Fafiine 100% wuia 3 x 3 wuRLs 11 2 3u TnstuusniilunsuunsyanuRinafidnunnsyin
anuazenud Tntmensegrmenadluvuiusunns 100 lulasans anduiihduiieesnieiuuudi
Juil 1 Mndudaiufensyanuiinidnudsiu nelgiondn 1 Alandusuuunszanuiiing Udesiilid
pamginies Mndudlenatdiuly 10 wifl, 30 wifl, uag 60 wit ifufoehsintuiiaedtdadurin Head space
winlURAsEsigemATia ITEX-DHS-GC-FID Tnedeanvuiieatunisnassdi 2.3 1h Chromatogram

22



o o

ISSN 1906-1889 N3anside A 15 atudl 1 unsau - Tquneu 2565

TA91NN1SNARBILIIAIIERNANTISNAaBIRBLU YiNN1SNRasIg iufiIag19uIneue 10 Flag1e fieenday

3 A9

3. NaﬂqiﬂﬂaaﬂLLaxaﬁlqﬁﬂjNa

deviwensnasiadinszsigemeila ITEX-DHS-GC-FID isdnwaneimunzaulunmsinsei
ey 18 Chromatogram wesfiasing q fluansesAdsznausie o lutmen dwandunnd 1 uans
Chromatogram vasshegsmonuususAnUsEIme (sample A) Tngnuinansfiuuzadlunismeaes
fio Busfufl 30°C adld 1wt Wiugumglsigeduann 30°C 8s 240°C Faedhs 20°C/uit udansTigamgdil

240°C 1Junan 0.5 Wit fanwit 1

500,
E A

80032

“W?.o a.0 [} [X] 0.0 12.0 14.0
—_ F
< E
a E
— E
® E A 1

B0
g ":‘_m FX] 3.0 B0 5.0 160 170 12.0
o 3
-3
0
]
[+ 4

san. -
ason2 70 3.0 0 8.0 100 12,0 13,0
3 ] ‘ i
B Zo a0 [X] 8.0 100 120 18.0
Time [min]

A 1 Chromatogram uanAsWAYaILMBNIBAIEN1ITRMANARANLNANIZN (1) (2)
(3) waz (4) Tum5199 1 uE6y

NNITIATIEVHAYBS Chromatogram Yessiee edvasilanigumgiivesnadiulsing 4 wuinilens

a ) ~ 3 A A Y] a ~ a
gaumaiivesreduiluan1iznismaasi 1 Wknafngauiian laedunninfiausniaan 3.301 undl @1anse
LENBBNAINNAVDIFYINAZANLTALAULALLIDTIEUAUANIZNNTNAARIN 2 ke 3 Fuladunnainfiawional
6-8 U (NNT 2) AsiiudnwzvasiaduaIrUsEnauvasnag s wendaau lddauiuiy wazldnan
P IlunIsiAsIen Waeuiuiuan1ien1sneasd 4 astiuaniiedn 1 uduansiwmnslunisiily

Iinsgvieerlsenavussinvieusaly
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AN 2

(o LLIT)
7000
g
6000 [
=
£
5000 3
o
4000
3000 ¥ w
T & w
T
= c bl
£ £ [
2000 1 ;= £
O o %
1000 -| =
o] N
71MJ| T T T T T T T 1
350 400 500 600 700 800 000 1000 11.00

Time [min]

Chromatogram ¥a9unauusUAR19UsEIna (Sample A) #ig241an
3.50 - 11.00 w ¥ 3nwAilA ITEX-DHS-GC-FID

AN5719% 2 WEN9IALRAY Retention time (min) YasasAUsEnavlulnvay

Name Average Retention Time (min) (n=3) Standard Deviation
o-Pinene 6.327 0.022
3-Pinene 6.748 0.021

D-Limonene 7.169 0.026
Terpinene 7.364 0.021

\HoW158u1979819 Chromatogram 03tneskUsUAA1IUSEINA (Sample A) anmadla ITEX-DHS-

= Y = < Vi o ' ¢ ° a ¢ P
GC-FID Nb@AIAININN 2 %Lﬂ/iulmwmLL?Jﬂ’eJaﬂmﬂﬂua?J’NauU”im mmmmmﬂmi’]wmEﬂ,un’m 11 U

27 Chromatogram wastimexiiesnsd nufinfluosdusznoundnlutmentiomun og 4 fin wewidiolinsey
psdUsznaundnvenimeslaglfinafin GC-MS Tagldinsiieufleutunsuaniiavesiinfi Retention time
#ing 4 fiuansesdusznaus q lugtuteya MS likansmnaesesdusenaundnuestmenusingfinfigs #s
flyjﬂ 4 adﬁ‘dizﬂa‘uﬁﬁa a-Pinene, 3-Pinene, D-Limonene, WLag Terpinene (mi’m‘ﬁ 2) LLaSLﬁaﬁﬂmiwmaaﬂ

o w

AasgriesAusEnausie q Meglutveuns 10 Megrs lanan1snaasdlaguandanizesrusenauaniidfiy

Wuasrdsenaulutivey sakanslumisned 3

A13991 3 B9AUIENDUTNAIAYVBIUNWBUATDEINNI 10 YA

wilavwon asAUsznaUidArY

Sample A o-Phellandrene, a-Pinene, Humulene, 3-Pinene, trans- a-Bergamotene, D-Limonene, Terpinene

Sample B o-Pinene, Santolina triene, 3-Phellandrene, 3-Pinene, 3-Ocimene, D-Limonene, Terpinene

Sample C Butanoic acid, a-Pinene, 3-Phellandrene, 3-Pinene, o-Cymene, Terpinene, Linalool, 3-Carene,
Methyleugenol

Sample D o-Pinene, 3-Carene, [3-Pinene, o-Cymene, Terpinene, Linalool, Santolina triene

Sample E o-Phellandrene, a-Pinene, (3-Pinene, D-Limonene, Terpinene, o-Cymene

Sample F a-Pinene, Santolina triene -Pinene, D-Limonene, Terpinene, Linalool, 3-Carene, Methyleugenol

Sample G o-Pinene, 3-Pinene, o-Cymene, D-Limonene, Terpinene, trans-Rose oxide Methyleugenol
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wiiaiwon aeAUsEnaUidRY

Sample H Ethanolamine, 3-Carene, a-Pinene, ai-Asarone, 3-Myrcene, D-Limonene, Terpinene
Sample | a-Pinene, 3-Pinene, D-Limonene, Santolina triene

Sample J o-Pinene, 3-Phellandrene, 3-Pinene, o-Cymene, D-Limonene, Terpinene

e 3 wudtludwevdulngililunmmeassiasdosdussnouiiugudentuii 4 asissneu
ufle a-Pinene, R-Pinene, D-Limonene, uaz Terpinene HANSNINARIBIAUTENEUNANT L L aenAdDITy
9UIYY8Y Rastogi et al. (2001) Fanvansmanifussdusznoundnimudeslunandneifitivhvendu
perUsznoundniiliThivlunideusardrineutiues venvnesdusvneuis 4 wderiifiavesansiiiu
aeAUsEnaudy 4 UﬁﬂﬂﬁwmUauﬁﬂsﬁﬁuagﬂiﬁ’umm?{uLLazdauwauﬁLLmﬂsmﬁ’usuaqﬁmamLwiawﬁm e
wiaznauiaflesrusyneuiivannmansuazilosrsyneuiiane Sduimeuusazuusudarlinauresimen
flendnualianzin Swsarfinfifienuanznzasivimenusasia nan1smaaesioseiivsslenilunms
fusfuiin Bvevesimenld uaranunsolifigadimeunusuduriuasimondaould Ssaenndosiunuide
U89 Teodoro et al. (2017) ImaLﬁaﬁwﬁmaﬂﬂﬁﬂmﬁwmﬂﬁﬂ paper spray mass spectrometry Wil
Aunisvesfinfiusingil Retention time Wgnfuazannsaszyldinfuasafifufofuuivinnuvie
Snsrduinanludmemssuaniafulazasusngfiuildfadldvihiy uasudenfunuideves Rastog
et al. (1995) iannsadneiossusznausing 4 ludhmeslueiesdersemaiauialasuinnsmi

Tunsveaesiinzinisaseguesives fewada ITEX-DHS-GC-FID Tasmsdmimouasuugihe
udesiidlifignmaiivies armiufufegteiniinan o dalus 3 Falus 6 Falue 12 Falus uay 24 Falus
auduite UnlUinseilaemaiia ITEX-DHS-GC-FID léka Chromatogram fafegnavasimenuusus
AngUsemna (Sample A) wanslunmil 3

6000 5— —

0 4T

D Limeonene

Resperne (pA]
g

=~ O Pinene
— B Pinene
[~ Terpinene

3

500 ’ ’ ’ ﬁlbﬂ ! ’ ! JZ)J ’ ’ ’ ﬂ!ﬁi ’ : . 9!’) . : . |D.b: . . i 1100
Tame fmin]

1 4l

Response [pA]
g

T T e T ]
500 600 700 800 900 1000 100
Tiene [frn]

A9 3 Chromatogram ¥a9UvaNLUsUARISUsEINA (Sample A) Wadaasuudi
¥ 1 Ay v a v < Y 1 ¥ a ¢l @ &
udUdesislingamaiiauazinualeg19dinuAATIEENLIAN 0 BTN uag 1 W9lus
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i 3 wanslidiuinfiefiiuesduszneundnludmenta 4 finfe a-Pinene, -Pinene,
D-Limonene wag Terpinene fuansly Chromatogram 181 6.00-8.00 w1l meﬁuﬁﬁﬂﬁa@ma&i’lﬁmﬁm
dlevdesitsly Wunan 1 Falus nuhiuiléfinvesansusenouii 4 Susinameluussanasnnnt 90% uas
mendannuaesfisliuiu 3 Filus USinasansiananamelannndt 95% wazdleinnsan Chromatogram 7
han 7.30 - 9.00 wn#t Tunnit 3 SmamsaranuesdUsEnoudy q veshmeusiuaunis fnanruly 1 dlus
Fsmainamfumsesdusznaviifienuanansalumsszmenaeidulelddninansnduusn ogslsimudang
nsrInvesAUsENeudY q vesimenduunis Aflanugeesiiadunn uasfuilifgumyinesuuds
24 3l diethuwieudisufiu Chromatogram v meiinaduiu Fuilenadeuiuimeniiedns
Su 9 e 10 fegafinuranasestuieiu Saenndasiunuddeves Gherghel et al. (2018) Fild
Fnsiesstanssznevresimeniistinedis Swamsnnaswnssiufeddnlsznevresimeniisuinely
levdenrniislivilfesdusznouuesiiliannsansanuld fellgungilunisudesliimenssimeffnade
siinvosesiuszneuiy 9

nMsimszinsaslewvesimendaomaila TEX-DHS-GC-FID tnensanimevasuutufinthesunn
3% 3 wufmns Ehaud 1) mnduiinihe8ntunils @uil 2) Aflvuashfurmetususdanaiuliuuuadn
Frevndifiminuszann 1 Alansu Udesiislifigungiivies anduifuieduintuiiaesninsgvidae
wAlA ITEX-DHS-GC-FID #ivaan 10 wift 30 wift waw 60 Wit muasu lekan1svnassuans Chromatogram
FashognavetmenwUsUsTaY (Sample F) uanslunnd 4

"]
; (a)
'1;?;'500 500 625 75 BT 7000 5 12501300
3 (b}
Z
:ﬂi. -1000 — - _ — — —
§ aonoi® 500 5.5 750 X 0.0 11.25 1250 1300
{ J )
-10003L ’ — .
acos® 1] (¥} % (£ 000 1128 1250 130
1 {c}
100030 -

4.00 500 625 750 (X 10.00 125 1250 13.00
Time {min} :

AWA 4 Chromatogram vastsauwusudRasdy (Sample F) iBinszvianndndud 1 (a)

firan 0 91w waz Chromatogram YastsaLLUSURTBSAL (Sample F) #i3As1zsan

FBuf 2 AendensTuULENTuR 1 fiansng 4 Ae (b) Aiwan 10 wdt (C) fivkan 30 il
waz (d) fivaan 60 Wit mudIsu
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nnamsvaaeiiofinnsan Chromatogram vestvenuuinduiiaes nufinvesesdusznausia o
1uﬁgmam7igﬂmEJIauméTaﬁ']%uﬁam i retention time #13 9 NAMTA 4 uAAWIBE Chromatogram
AW 4 (3) Wufia a-Pinene finan 6.687 wifias D-Limonene Anan 7.252 Wit vufnduit 1 udiinan
Wenfuuuiniud 2 a4 (b) wufiadenduansianisaneleuandniud 1 T uit 2 Wefhdudary

v

YU 10 W9 waziilonanlunsdulauudwdy 60 ui nmd 4 (d) Adsranuiianiaall WeRansauuSu

Y
v '
= v A A

nsarelouvestimeunuin Yunamesimenvuiidud 2 fiuildfnananilefisuiuiiuildfinves
osdUsznautiy 4 vudhdud 1 Tunnesdusznevluthven oswnnsdieloufivdrumiduiignaelouly
Fadlofnsannniiuesiusznauimuanuinsdeloutulinsuynesduszney fegatudmiutves
wUsUAVshU F finan 0 $alus vwiaud 1 wuiteduansieesduszneusne q Tuthmeuvioun 50 fin usile
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Abstract

This research aims to reduce the number of delayed deliveries by company’s case study.
Using data on sales of cocoa products in total 10 items for the past 2 years (2019-2020), group
products, and raw materials in ABC Analysis, analyze only group A and B, choose an appropriate
forecasting model, set safety stock, and schedule the main production in August 2021, including
studying the layout of warehouses and raw materials. The results show that Group A products are
dark chocolate and cocoa butter, Group B products are cocoa powder, white chocolate, and chocolate
milk and Group C products are 5 remainder items. All of group A and B use the Seasonal forecasting
model. The safety stock is 1ke per week. In August, the master production schedule has been set,
enabling on-time delivery of all 3 orders. Group A’s raw material is cocoa beans. The safety stock is

3 kg per month. The inventory control cost is 117 baht per year. Group B raw material is cocoa bean
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residue which is a by-product of the production process. There is enough quantity to meet the
demand, so it is required to check the quantity every month. To improve warehouse layout and raw
materials, a layout has been proposed for suitable placement and ease of transport. A’s products
were stored in fridge while B’s products and B’s products were stored on shelves.

Keywords : Sales Forecasting, Master Production Schedule, Safety Stock
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ATR-FTIR and GC-MS Methods For Detection of Sibutramine Adulterated
in Slimming Products of Instant Coffee
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Taynsfudaduansvudeounidnnuleslundndneinldlunisanimiin Tngussasdvesnuideiiiie
Jounaila Attenuated total reflectance Fourier transform infrared spectroscopy (ATR-FTIR) hay Gas
chromatography-mass spectrometry (GC-MS) anlglunisasindaleynsfiunvuleuwlundngdaueinium
andmiln agasgiiegeniunaniimindiuau 20 degnfigndemnanaainviesduwasiuiieeulatl
AN5IAIIZUAE ATR-FTIR M@y 4000-650 cm-1 a@lnasunansianuIuandaanyuLlanIzuoIans

a o | & Y Ay v a ¢ v a Y] a
lynsfiuludiegns nanismegeulosiuiildannsineisemata ATR-FTIR awnsagudulaewaie
GC-MS Tngszyiiasiadseq (SIM Mode) vaslaynsndiud 58, 72, 114 amu Ma1¥id13gnveeonu1nnAeau
7 23.997 W¥ uenaNTFeg e TItIINIATIEElAY GC-MS wundinsuuilousmeenseue (Bisacodyl) hian
a o eal a aa . A o ¢
VIgn39NTE08NININABRLIN 36.534 WIT kazNUEUTIue (Paromomycin) ATENSENTE0BNINANADHLLY
#16.089 W7l AT TuNTIATTRTRummiensIeanslyynsdunvudeulunundusaguiildlunis
anumiingae ATR-FTIR uag GC-MS amnuansidenuimsaesisinuanansalunisnsimmansloynaniiy
warenazthunlglunsfiiinemansle
AdAey : loynadiu ammdn ATR-FTIR GC-MS

Abstract

One of the most common adulterants: Sibutramine has been found in slimming products.
This work aimed to study the application of attenuated total reflectance Fourier transform infrared
spectroscopy (ATR-FTIR) and gas chromatography coupled with mass spectrometry (GC-MS) to detect
sibutramine in slimming products in the form of Instant coffee. Twenty instant coffee products were
acquired from local markets and online stores. At wavenumber 4000-650 cm-1, ATR-FTIR analysis was
performed. The mass spectra of the sample indicate a distinct peak for sibutramine. The screening
test obtained by ATR-FTIR could be confirmed by GC-MS. The screening was performed on selected
ion monitoring mode at 58, 72, and 114 amu (Sibutramine) at a retention time 23.997 minute.
Furthermore, laxatives (Bisacodyl) were detected in samples evaluated by GC-MS at a retention time
36.534 minute, while antibiotic (Paromomycin) were detected at a retention time 6.089 minute. This

is qualitative investigation using ATR-FTIR and GC-MS to discover sibutramine adulterated in instant
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coffee slimming products. Both techniques are capable of detecting sibutramine in slimming Instant
coffee, which could be useful in forensic examination.
Keywords : sibutramine, slimming, ATR-FTIR, GC-MS

1. umin

amzthwinfuvdelsndufenngiifimsazaumesluiiufiiaunitsdmalfintammauamniumn g
Poymananifidintulunn q 9 TneluuiasTeedfidedinunni 4 Suau Safnanmsiinngdenan Tl
W.A. 2560 ﬁlﬂaﬂﬁmwm'szﬁmﬁﬂLﬁuLLainﬂé’auﬁamLﬁu%uﬁﬂu;lﬂwqmamﬁﬂ (World Obesity Federation,
2021) Yagduauduiuannlianudidyiunimdnualiaz useguaindslgnisesniidenieuagiien
Sulsgmuesiiiuseleny uwidienneisssuresnisuszneuianssulusiariu Foilmdonsuusenu
ostasalugUuuununiidunisdalunisinusuing msizlavanmudoinnsiuniuanunsavinl
anuinle a'ﬂNaiﬁﬁmiufu'QSZJ"uLﬁ'Enﬁ"‘umamﬁm%mmiLa'%mamfmﬁﬂmﬁuﬁﬂﬁﬁQﬂisﬂaumaiw%ﬂﬁﬂﬁ
dnasuldasiesinuadundnfae deasdnaniiufe Toynsiiiu (Sibutramine) Huaseengiseszuy
Uszamaiunans vilsiaamnuenennshifaninuardud dnvamiduresdduihliduideslunsdnasy
Tdluemaieuusziameing  nathaideainutoevinlinuisneurs Uasdsee Geush viesyn szuudumesiu
uoulivduFnliavies anudugs Winensleduiilaviud Tuunfienaiinadnafesudsdudediold
(Department of mental health, 2019) Tl w.a. 2553 UssinealuglsuRsussmasnidnnisidanslaynsiiy
imﬁwiwﬂimdﬁﬁmiﬁﬂﬂLf"i‘uEﬂﬁﬁmaﬂaamﬂmaﬂmi"l,éugmwﬁuaaﬂmﬂﬁmmmmLLazaﬂLSﬂmLﬂﬂum
lﬁjyjmﬂﬁu (Food and drug administration public and consumer affairs division, 2021) @wSunanu
nurasiwiinAfimssmherhluluwissmannihninsuauasiinsssumsinnurssszuummangaiiulewnse
violuifulusnenie Snsdnaouiiuienmuauvidoasiesinu wu uasngy Diuretics Aitigvddudianns
3o wanansluyvsdiu nnsdrsvesitnnuamugnssunmsesuarel nulndinisuasuuuludiegng
nMuluazomaEiiUssanualgailavanasiaalunismuauimdn fldldfunisiusesarmadeu
wmsgu . fmsusmainuldansdinanuidinainnindviednasunaniielinasluemsiaiy uazen
(National Bureau of Agricultural Commodity and Food Standards, 2019) ﬂwanm?{a%’imﬁﬁawamﬂ
ns¥ulssmusmieswnaiauantmiindluamuiilusviesmaasuantmiinfuiiansleynandudu
dusan 1w n.a. 2559-2561 Tfthsanmauslnandniusiomaaiuiisiuiedu 64 518 01N 5fiwusniian
fio Tadu U1nusie Aowtia S1uau 36 518 sesaade uewkinduiiudesiuiy 18 18 uazernsiidedldsy
Mssnwlulsanenuia bk mmméﬁ’mﬁ'wmaﬁﬁwmu 5 578 (Kanthamun, 2019) $189MUU89NS13NAERS
nsurngdaslud we. 25562559 fimsamandnsasinunantmin 3a4 et uassdndusiaduonms
849 @vEN Wuaﬁléugmﬂﬁulumamﬁm%mLLWamﬁwwﬁﬂ 47 LATHANAMIETNOINIT 163 A19819 wazd
wA. 2560 dn1snsialundadueionsiaiy 72 dregn nuanslyynsidulis 13 drede Jyvinisdedin
Tnmsulnenandasiomsasuantmiinlugasd ne. 2556-2561 finsinauaindesis 9 swAuinIg
duAudaundunundgidedin 13 18 warunsigasusgnaivgdauininainananslsyniduiueu
(Kiatyingangsulee, 2019)

MnmsfnweaEEtanviinsdnayulns i mielulssneduin Tnglfveda GC-MS uay
LC-MS wuihdinms@evuvesanslaynsniiu adumsiidmansenudensiasunvamainuazensual ieatos
Auszuuhlawagrasaden Mlmannnziladuel Lazdetinegansiuiu tazdmueniusdnniau
(Phenolphthalein) dsaengvsidusnszuns uazenadmaranisielsauzidlusane saiedmuyiinlud
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(Bumetanide) fleanquiifugnduilaaniy saufsnsldansaundu (Caffeine) smfuansnsedudssiandu
(Khazan et al,, 2014) dn1sAnwiguslapeayulnsiy ndnuslaa 1 dUav inein1sUIniaguulse
Goufiswy fann 16n19m3799 GC-MS waz HPLC-DAD Tusnueugauasdaanewuansloynsiiu Gauandls
wiuansleyniiudamatradesiisuisaazeraiilugnisidedin Jung and Weinmann, 2006) 305Ny
999 Deconinck et al. (2014) wuinsmalla Attenuated total reflectance-infrared spectroscopy
(ATR-R) $aAUTBnFiins1esidioya k-Nearest Neighbors (k-NN) anansansiadiasigviansloynsiiuiievu
Tundnsaeiemsiasula

= v = = = ° v =
Al 1 lassadremaedivedloynsndiu. anil 2 wuudiaedlassaieniuaiivas
#iun: PubChem lyywsndiy fiun: PubChem

nsiAsIEiemAalln ATR-FTIR spectroscopy 91ntassassvatlgynsiunusenaude C H CWN
TnsSeuiisuanasuvesmdndusiemsiasuivanasuvesanslaynsfuusgvsnuiniaunduusion
821 cm™ WU fnsduaiiounuVeIUSy CH 98939 aromatic In150A099NUDNTEUNU LaTNITAULY
FTUVTEUURYINUVINUSE CH aromatic Maaduusim 1011 cm’, diuiitaunauusioa 1307 cn™ @
e du isobutyl way MauAduusi 1428 cm’ fio naileridu NCH, waziinisilleldinaila Gas
Chromatography-Mass spectrometer (GC-MS) tleudunaanslaannaiia ATR-FTIR 99n3LAT 18 iHEn e

a | a aa . = & ' ' <
gmsiasunuIfiansleynsnfiuwazarsngeendiiu (Fluoxetine) daluarslunguendeuuszaimidu
d@1uUsznau (Popescu et al,, 2015) Lagannuideuss Cebi et al. (2017) mskimaiia ATR-FTIR lun1siasen
fogawdnduemsEsuUssaneley nun wazyiayulng wWisuisuiavadulugi 2746-2656 cm’!
FufunMTiessidwunnguimegslagldnisinsiei Hierarchical Cluster Analysis (HCA) unisdangu
WUUAAUTUAINNINAGRULAAINARBNUTtUFULUY dendrogram Fawudnainsauenimiegeaniinisideuuuay
ludeUusanainiuld waz A33LAI129 Principal Component Analysis (PCA) 31n1153ATIERBIAUTENDU
wangniausluzUkuvvean waudainisuansnszanemuuseendudenguegetnnuseninsiegend

= A = v = A a a v @

nsdevunazlilovuresaslaynsniu nnsveaeudasdarsegifios 0.375 TaaniufauisonTiany
ansleynsfiuld Lanzarotta et al. (2018) nanvinweila ATR-FTIR Wuweidafitnsieilasings THanuie
laiwdesansiadl wazn193AT129AI878 Gas Chromatography-Fourier Transform Infrared Spectroscopy
(GC-FTIR) anunsadnsigsilanaiuamunimiasUsunn aaniskininens danuudugiuasaiuliznnni
N15L975 High-Performance Liquid Chromatography (HPLC)

v & vaw = a ¢ a A & o ' a o ¢

AanuITedaulalumsliesgiansleynsiuiensasidevuluiegimandusionmsussinnniu
anumiln laemsldis ATR-FTIR $3ufu GC-MS wazdilugnsliisdainanlunmsinseiasleyniiiuiens
a a o s aa ° ' ' v A & v ° U Y a a A P
Fevueglundndueivaluniinsdmiesgauviewan iieldudeyadwmiuguslaalummanitenisuiian
HARA UYL Nenadiwalun1snoialsalusnene Wsedunsenedinla
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2. 35n15AN®WN

2.1 @151ad LazAa89

asniusznause Acetone war Methanol 113 Hplc 8% RCI Labscan Mfudavhazany waz
Freeandnfusamsiasuyssannundoaniemainuardemnosulay Ustneusaediegnanium
amimtin CO1-C20 $1uau 20 Fegns

2.2 N5IATILHAIID Attenuated total reflectance-infrared spectroscopy (ATR-FTIR)
MIIATIRIEIE ATR-FTIR [4p303 FT-IR Spectrometer U Frontier Usgnauru FT-IR Microscope
U Spotlight 200i 91NUTHN Perkin Elmer FeAndreanaumnszRTiaunay 4000-650 cm™ AuaziBen
TunnTaLNY (resolution) 4 cm’ WaraLNUFIDEN9s1UIL 16 ASsrafDEN (Cebi, Yilmaz, and Sagdic, 2017)
nswseufiegrwildlnsuadetlfansen udniundaszimenios ATRFTIR n1snnass 3 4
NNFIDENS
2.3 A5M1571A5129 Gas Chromatography-Mass spectrometer (GC-MS)
nseilaglfiedoufalasninsnsi-unaaalvsiwes (Gas Chromatography-Flame ionization
Detector/Mass spectrometer) g1 Trace 1300 GC 31nU3¥W Thermo scientific Usenaufiunaauy TG-5MS
GC Columns (30 m x 0.25 mm x 0.25 pm) Slanmgnisnanesiilifumeadia GC-MS Fail guNNUTIAN
an3i0ens (Injector) 280 aerwald desmsnisthansdn (Split ratio) 7 100 WufadideuTuuiadmsy
wansiegadreudulluauinnsadinsed sasnisina (Flow rate) 1 fadanssewtil #a Solvent
Delay 3 w1l uagsgnmnTinedutiil 150 esmuwaBea ady 20 wnit itgaumgilgstuain 150 i 280 asen
wadea fusna 10 ssmnwalva/und uiinsigumniv 280 ssmwaidea iuan 15 Wil Uiinuansiian
dheeduifiusines 1 lulasdns sgampidwiilovesmsiusswiaaowdalasininanaiifuiriousa
aelnsiimes (Transfer Line) wazu3nniiiAnlonau (lon Source) 7 280 ssmwaidiea T3vinlvlovesans
nanewdhlonsufle Electron lonization (E1) Fsisrnndsnuagil 70 eV AnsasiaUssy (m/2) fldaseieglu
%739 40-500 amu wag SIM Mode (Sibutramine=58, 72, 114 amu) &gﬁﬁwﬁmwmﬁmiwsﬁﬂﬁazﬂaag’ﬁ 2 spectra/s
IneduaUnasuazieuiulusunsy National Institute of Standards and Technology (NIST) Ju 2.3 wiold
Wisuisuguuuunsuaninavesansiegisiuteyavesasiisleglulusunsu (Popescu et al, 2015)
mMswseusegrsuadiegtlifaviBeadefiegns 5 ndu naufudvhazats Methanol USuns
15 fedans tlunadlidfudenmsdusieniessansileiia S% Crest Ultrasonics iunan 30 unit 91nthy
ilutumissmenios Centrifuge B%e Rotina 380R finui$aseu 4000 seusewnd Wunan 15 widl
Audnlasuuuiluliadeuiiessmediazarseenliviousuinsansiie 1 fiaddns nosiu
Membrane filter nylon sunagwsu 0.22 luaseu insidearsansasatesaogailld 10 wih mndutihieds
fikunswienluiinseidieries GC-MS auanizn1svaaedifiue

3. NANTSNAADILAZITAINE

3.1 M5IAsIideeSas FTIR

MnmsRnyRARdasinMuntantvting iy 20 fhegramutiluiaeganmuianimin Co6 wardogns
nuamintin €18 nuasleynaiiu devhnsisudeutuienasamidoves Cebi et al. (2017) fusis
awnadu ATR-FTIR vedlwynsduiiddyfofiail 3418 cm’ MAnanuse O-H luszminsdisiavadu 3000

1Y

814 2500 cm™ WunisBatuvesmilaidu CH3, CH2 way CH FeUusnanavaaud 2700 &9 2330 e uwa
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WnNMstadveyilendu NH PNNUITenUTRad 2698 cm’! LﬁuﬂmﬁwﬁgﬁLﬁmmi@mf"fuﬁuaaﬁuﬁs N-H
way iusas 821 way 833 cmt inennisduvesiusy CH Aiflnsdnseluninssuiureans aromatic wawi
U3m 1010 cm™ MsduuuszUYesiusy CH Y8934 aromatic 7igafia 1370 cm’ iAnduvesnguileddu
isobutyl fiiinn1seate Uafiafl 1407 waz 1428 cm’ wumsduiiinannsinsenes N-CH, wasfiudinm
a;m?i 1491 cm’ Wunsdureviswmiu aromatic TAANISEARUYEY C=C F391NN15NAABITEY Popescu
et al. (2015) lﬁ‘vﬁmiLU'%EJ‘UL%Uﬁmmﬂaﬁﬁwﬁmﬁwmﬁ 4 9afe 821, 1011, 1370 uaz 1428 cm’ Tun1s
L‘U%'EJULﬁaumﬂwmwﬁuﬁuﬁaaﬂwaﬁiﬂummmaﬁmwﬁ

1010

2650 2150 650 150 650

AN 3 ATR-FTIR spectrum USIadunsI5ANa19929A213817AaY 4000-650 cm™
A) Arsgraniunaniuiin Co6 wag B) Avadreninaniiuin C18

o

PNANT 3 waasEUnasu ATR-FTIR USHMIUNTISANAI9929ANN1IAAY 4000-650 cm™? Qﬂﬁ’lﬂm

7

Tudegrenuantinidn Co6 wuinilila 1426 cm’ ﬁLﬁmnﬂﬁmaﬁumﬂequqﬁﬁﬁu NCH, fin13Untongy
93 isobutyl 7190 1376 cm uaznsduTBUSE CH U999 aromatic 19A 1010 cm™ wag Tushogrenu
antimin C18 wuila 1429, 1375 waz 1012 cm'™® ?jdiﬂélﬁmﬁ’m;mﬁﬁfguual,ﬂﬂm%'u ATR-FTIR lyynsfiuves
Popescu et al. (2015) wWisuifisufialngnsensdaiumsfinfidndy 3 9afe 1428, 1370 uag 1011 cm’!
o1aduiiugwliinlusednsfinsiaiinisUasuvuvesansloyniiu 9nnsinsizinuindnissuniuves
dauﬂizﬂauﬁgmaﬂuﬁaa&m Lﬁ@dﬁ]ﬂﬂﬁ’la&f’]dﬁiﬂuwﬁmi’ﬁ]ﬁaﬂ’]LLWﬁ’lL%ﬁ]g‘ﬂﬁﬂﬁﬁﬂﬁllﬁmﬂﬂﬂi%@a@ﬂ,u
U3auaadl 4000 B9 2100 cm'” LLamaﬂ'wadﬁﬂmﬂ&ﬁstﬁ’u?jdﬁﬂﬁ'laimmmﬁmﬂéﬂuizqmiﬁagﬂisuadmi
laynsfiula

[

nseszimewmatia ATR-FTIR 9nnswSeuiisugadidguesanslaynsiiuiudiietiandn o
DWIEFUUITLANNWNTIUIU 20 19819 WU 2 f?}’aa&mﬁﬁ;mﬁ’lﬁ@ﬁaLU?&JULﬁEJUﬁwTWLLmiaé'NSqa]’mmu
FWeved Popescu et al. (2015) vilviaadnduansloynsfudasudusgludiegns senfiduldnseusiogn
w20 Fetrufievinismnienzidemeda GCMS WeldBudunugniedlunmvuansleynaduly
F8E14
3.2 M53ATIAEIELATEY GC-MS

MnmsAnelansaTIainsIedie3s GC-MS nnandasinunanimdngiuiu 20 fedas
m’;ﬁlwumﬂwmwﬁﬂuwamﬁmﬁﬁmLLWamf’mﬁfmi’mu 2 §egne 9nn Wil 4 wans Total lon Chromatogram

381 20.0-30.0 w1l vewiagenunanumitin C06 wuawwBu (Caffeine) afansgnyzesniIaNABENY

a5
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7l 23338 Wil :NAMA A uansmsiSeufiBusTIsTegsiuteyaanguteyalusinsu National
Institute of Standards and Technology (NIST) LLazwumﬂwmwﬁunmﬁmigﬂ%aaﬂmmﬂﬂaﬁuﬁﬁ
23.997 Wil fan il 48 FauanaiamsSeuiisuiunisunninavesansinegatudeyavesasiitlegulusunsy
NIST Tngld Selective lon Monitoring Mode (SIM) %4 Mass Spectrum %ﬂﬁ’]ﬂ%g%i’]ﬁu o 58, 72 uaz 114
(Khazan et al,, 2014) NANT 5 wane Total lon Chromatogram A 20.0-30.0 Wit vesfIBE 1NN
antutn C18 wuawBunmfiasgnareoninanaednid 23311 wiit i 5A fmsusuidisuves
fhegrefudeyaiiileglugrutoyavediusunsy NIST nwdl 58 Wunisuansmsitiouifisussinaiiogneiy
asleyniufignwunanfiansgnazeenunainaediiil 23.997 il

£.0e0 7

120, /\PeX Peak #21 Scan. #2691 RT 23.34 min NL. 2.7... T

4| s 67.0 194.0
1-23.338 20

2.0e8 A
420 -

lablod

iED 94.0replib Library Hit: Caffeine 924
1.5e8 109.0 & i

67.0 l

12-23.87 L M v
=20
1.0e8 4 Apex Peak #23 Scan. #3085 RT. 23.06 min NL 44...

Intensity [counts]

10 T4
B
721

5067 N

mi % 114.0 replib Library Hit: Sibutramine 909
0.0e0

1
_5'Ue7_l T T T T T T T 1
20.00 2125 22.50 2375 25.00 26.25 27.50 28.75 30.00
Time [min]

AN 4 uane Total lon Chromatogram ¥a4fa9g19nuWanU%Ln C06
1381 3.0-48.0 W1l A) asAWdugnvzaanu1AINARaNLNEaT 23.338 Wil
waz B) anslyynsndugnuzasnunaneeautiligi 23.997 Ui

LX)

120 Apex Peak #16 Scan: #2987 RT. 23.31minNL: 1.0...
o 109.0
e.067 ] 123311 1 ,essI 194.1
A
42
198.0
7.0e7 I
2-23977 I e ™z
28
6.067 | J% _— 194.0 replip Library Hit Caffeine 900
T 670 l
c
g 50e71 ‘Ml
s 20
£ Apex Peak #24 Scan. #3085 RT. 23.98 min NL 4.4
2 4.0e7 - 20 T4
3 A%
E
3,067 { 721 B
i IL
m
4 48
2.087 Q% ™90 mainiib Library Hit: Sibutramine 923
1.0e7 [
T |
o
0.0e0 r T T T T T T T T T J
20.0 21.0 220 23.0 24.0 25.0 26.0 27.0 28.0 29.0 30.0

Time [min]
AN 5 wene Total lon Chromatogram ¥aefag19nunanuvtn C18
17381 3.0-48.0 Wil A) a1sANAUNYLEBNNIRINARANLNNAT 23.311 Wil

waz B) anslyyunsgnyzasnunNAdauLiiiIgn 23.997 Ui
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LID99INAIDE NN L UNITATIVEBUTNINUARD NARSUNUSZANN NV AN URATDIAMNDY fan1n
1 4A Tusege C06 LAMANTENTLeBNUNNABENUN 23.338 Uil wazn1nil 5A Tusees C18 a1¥ans
gnurepnININABENIN 23311 Wil IunmuansaUnasuNMsuAnIaTea e kazaUNATINTUANLIE

Yo nnBuilannmMlinseiifisuiuteyaniloglugiuvedusunsu NIST

[EVIIVELR

36-34262 120 Apex Peak #39 Scan: #4931 RT. 36.53 min NL: 34

1f 440
8.750e7
430
7.500e7 Fo L
307

4| 40 repit §iBrary ] Bisacodyl 625
199.0

6.250e7
319.0

183 |3 0
wonc il

5.000e7

=20

Intensity [counts]

3.750e7

2.500e7

139 B\sac& \:3%693;34
1.250e7

0.000e0 r T T T T T T
3375 35.00 36.00 37.00 38.00 39.00 40.00
Time [min]

A7 6 wans Total lon Chromatogram ¥asfavg19nWaAUwLn CO7

1381 3.0-48.0 Wil asUvnlaRagnvzeanu1ANARENLNNAT 36.534 Wil

uuuuu

Apex Peak #22 Scan: #455 RT. 6.09 min NL: 2.21E...

120 fp

1 3o
8.0e7] m
] %8

BR
7.067 ]
80.0
0
6.0e7

-20

mainiib Library Hit: Paromomycin 708

5.0e7 1

Intensity [counts]

4.0e7 ] 110 -4.538

|12 - 4.932

3.0e7
B 113-5.123

2007

1.067]

T 18
(15 - UB2TF 16
5.086-|

4.00 450 5.00 550 6.00 6.50 7.00 750 8.00
Time [min]

AN 7 uane Total lon Chromatogram ¥a4f29819n1unanu1wtin C19
7a1 3.0-48.0 w1l answalslusledugnuzeanunainaeduliitaal 6.089 uil

1Nl 6 msremuansuasuUulufiogneaniu CO7 nanftansgnuzesninanAeduLii 36.534 w17l
NNMTUATENETE GCMS IdinsiTeuifisuanasuvesiegsiildannsiesgsituanniuan
Tusunsu NIST nudnduansdonleda (Bisacodyl) Fadusnszunsudviessn Tasoonquinszdunistusues
Slduduinnistuae tagtuiinsdnasuldlundnfusionnaaiusvimisanmusulddansfugissune
awyilvismeideauna dnegeiludnyd n usesguililunsdestulazusladameaunm luussmelne
ﬁmiaﬁgﬁgwmﬂﬂ%lﬂumﬁiﬁawwiiﬂﬁ?uwhﬁ?u (National Drug Information, 2021) wazludlog1enium
C19 9nAmAl 7 uansnanfiansgnuzesninanaedutil 6.089 WAl NI ginuansnlslusedy
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(Paromomycin) dadusufTuzlungy Aminoglycoside Tilunssnunisfiaiovesald uaznissnvlsa
Leishmaniasis Mgnnveizlznielu (Coser et al,, 2020)

4. a3UNanN1IMAADY

PnMPATziRanSasinuantinguau 20 feths wuanslwynsiiulaeuluey 2 Mg
Amiu 10 % anvevun Tagdsnsnsainssidemaia ATRFTIR anawnnsuvesshethdliiniidday
Tnalfgsiuaunasuues Sibutramine @oAAABINUNUITBYOT Popescu et al. (2015) uay Cebi et al. (2017)
fnusundsiinfiddylndiAssfudeduivguldindumsloynaiiy wavileliinadanisasisinszine
GC-MS lumstiudunuinlusiegeiinisuasuuuvesanslaynsniiuegass 3nmsinsgimemaiia ATR-FTIR
wndaiansaldlunsarsdeudoniuly Wemniuiddinng wedldmoidumsinnsiifisadnios
Wlessymsrasasdmndesnsaruususunniunisiiansuasguiiniadnduasiesasdoiiioldlunig
\Wasuiieuriildanaunnduy ATR-FTIR vesansiegeiuansiosasds Snndahausiuiumnain GC-MS
Inognaiiusgansam wnngaulunisihlvldvisnsiaasu LLazﬁqjaﬂmiﬁumi'lw%miéfaaﬁm%aamu
Tundnsfasiong 4 FsanansahWddundngumedfnermanslusumald

a a

5. AARNTINUTZNA
MmAjeillauauewaTziNsltingesile wavaUnsaldmiun1maaeInINn1AIR AEINEIFERS

Y o awv

WNINeRERaUINT YeveUANAMERNINTENIIANTIBIMED waratuayulniviiide
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Abstract
Nowadays, forming interior and exterior building materials has directly and indirectly caused
global warming. Such a problem is resulted from forming materials, particularly, chemical compounds,
such as Gypsum Compound of cement. The compound is hard to decompose and can lead to
negative impacts on soil, which is eventually resulted in weak plants. Local wisdom, which tends to
gradually diminish its role even though it has been developed since the past, is probably a solution
to the problem. Chedis established at Wat Chang Lom, Sukhothai Province. This research study is an
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empirical research, which aimed to test the endurance of a material by means of a pressure testing
machine. The material was formed by blending mature shells together with three compounds: Tung
oil, honey, and steamed sugar cane juice, in a proper proportion. Then, the material was pressed in
a mold which was 5 cm wide, 5 cm long, and 5 cm high. After that, it was dried in a normal
temperature and tested with the pressure testing machine, in three periods of time, namely, on the
Tth day, the 14th day, and the 28th day. It was found that the material based on mature shells and
a Tung oil compound was so endure that it could be removed from the mold on the 14th day.
When it was retested on the 28th day, it was found that the material could bear the pressure of
16 kilonewtons or 1631.55 kilograms/a square inch. However, the material based on plaster could
bear the pressure of 2 kilonewtons or 203.94 kilograms/a square inch. From the research results, it
can be concluded that natural compounds can be used to form materials to create a community
product, which does not require much endurance. The compound can replace the use of scientific
mortar produced by industrial factories. Also, when a particular product cannot be used anymore, it
is easy to destroy it. This can lead to natural decomposition, and that is why such a natural compound
created with the ancient recipe is environment friendly.

Keywords : materials, natural compounds, ancient formulas, community product
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Abstract

A study on the development of a massage chair for the elderly with a computer program by
integrating from local wisdom, with the aim of designing and building a massage chair for the elderly
using a computer program and to evaluate the efficiency of the massage chair for the elderly.
Movement of muscles and joints Aches and pains caused by anchoring lines, sinking lines, assessed
by elderly people and specialists in Thai massage. The samples used in the research were Elderly men
and women. The researchers selected a specific sample group (purposive sampling) by selecting
the elderly men and women with aches and pains caused by joints, sinking lines, and problems in
movement of muscles and joints, total of 10 people. from the Institute of Geriatric Rehabilitation
Medicine, Department of Medicine, Ministry of Public Health Nonthaburi Province. The research tools
are Interview form with Thai massage specialists Product design expert interview form. An interview
form with experts in the field of computer programming systems and an efficacy evaluation form by
conducting an efficacy evaluation 8 weeks, 2 days a week, 1 hour a day. Health for the elderly with
computer programs by integrating local wisdom. The massage chair has overall dimensions: width 900
mm., length 2,000 mm., height 1,500 mm. The main structure of the massage chair is made of round
steel with a diameter of 1.5 inches. The part that is attached to the armrest is made of ABS plastic
using an injection molding process. The part used for the seat, backrest and footrest are made of
plywood, size 16 mm, covered with synthetic leather. The main part works by applying the principles
of Thai massage therapy for therapeutic mechanisms through mechanical systems to apply pressure
points. and in relaxing massage in various points of the body, including the occipital, back, arms, legs,
foot reflexology There is an air bag system made of rubber as a mechanism for massage and pressure
points. Controlled by microcontrollers Caregivers or users can choose to massage different parts of
the body. By processing the work that is programmed, the results will be displayed on the LED screen.
In terms of the efficiency of improving the movement of muscles and joints, it was found that
Elderly 2nd and 4th to 10th were assessed as very good. As for the elderly with moderately good
assessment results, they were Elderly 1 and 3 As for the results of the assessment of the efficacy of
aches and pains caused by the sinking line, it was found that the 2nd and 5th to the 10th elderly were
assessed in the As for the elderly, the assessment results were moderately good. Elderly Person 1,
Person 3 and Person 4

Keywords : massage chair for elderly, computer program, integration from local wisdom
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Abstract

Footwear impression marks and footwear are among the most commonly found evidence at
crime scenes. This study intends to determine if the sex and height of an individual can be identified
by footwear dimensions. The statistical analyses were conducted by using logistic regression and
multiple linear regression analysis for sex and height prediction, respectively. For this experiment,
footwear length, and footwear width of 200 subjects, comprising 100 females and 100 males ranging
from 18 to 58 years of age, was taken. It was found that the mean height of the male subjects was
171.98 + 6.15 cm while that of the female participants was 162.45 + 5.68 cm. The mean widths of

their shoes in male and female cases were 11.69 + 1.19 cm and 10.08 + 0.85 cm, respectively and
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the average shoe lengths for the two cases were 28.94 + 1.55 cm and 26.72 + 1.18 cm respectively.
Multivariate discriminant function models were developed for sex allocations. The logistic regression
formula was obtained as follows: sex = 120.072 - 1.037 (shoe length) + 3.210(shoe width) - 3.061(shoe
number). Statistical analyses showed that multivariate model correctly assign approximately 76.7 —
96.7% of individuals to their correct sex groups. Both shoe length and width were used for estimate
of a person’s height using multiple regression analysis. The predictive value was described by the
formula: height (cm) = 67.719 + 2.836 (shoe length (cm)) +1.894 (shoe width (cm)), R® = 0.932. It was
found that the length and width of the shoes in the male and female sample groups had a high
relationship with the height. This study is demonstrated that the dimension of the shoe can be used
to estimate stature and sex of the shoe owner. The information may be useful in the forensic
investigation of criminal case.

Keywords : gender, stature, footwear dimensions
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M13190 1 dayadmiuaiisaunisainnisldannnisiasieinisannasladandnlilunis

o
NMUIYLNA
Auds B S.E. Wald df Sig. Exp(B)
AUYNITOIIN -1.037 424 5.970 1 015 355
AUNIN9TBN 3.210 .800 16.083 1 .000 24.782
YUIATBIN -3.061 552 30.760 1 .000 .047
Amadt 120.072 19.899 36.409 1 .000 1.401E+52

@

nasthfeyaunaisaunismaviuenelacsl
WA = —1.037(ANNY1ITOWIN) + 3.210(ANNAINNTBAYN) — 3.06 L(VUINTBNIN) + 120.072

nmsneaeddaunistsiulunmsihuemalungusiiegisdiuag 60 au lnsuvaduwamediu
30 AU wazmAndgad1uan 30 au lnefvuali 61y = 1 wansdndumandgs (P > 0.5) uag y = 0 uansindu
A (P < 0.5) uaziletuiUSsuifisuiumaisvonguinetns wuiasnsaviunemeldgndesis 86.7%
Tungudegnaianun uazanunsaviuemaldgnios 96.7% lunduioganay uwasvhunemeldgnses
76.7% lunguiieehanands uanafan1:afl 2 JeyaainmsviunemadimiungusogianamsLaznAnd

M19197 2 FayaaINNITIIUENATIMTUNGUADE1UNAYIBULALINANY$FI9819 U

60 AW (N=60)

A2°48717 | ANUNEe .| une | wAase A274817 | AANUNEe .| e | wAass

d16U | soain | seawin vuaj WA | (¥e=0, | 19U | sewdin | sawii L‘uaz we | (¥e=0,

(31.) (w31.) e ) | ndie=1) (w31.) (w31.) e ) | ws=1)
1 26 10 41 0 0 31 25 9 37 1 1
2 26 10 41 0 0 32 24 8 37 1 1
3 26.5 10.5 42 0 0 33 25 9 37 1 1
4 26.5 10.5 42 0 0 34 26 9 37 1 1
5 27 11 42 0 0 35 23.5 9 37 1 1
6 26.5 10.5 42 0 0 36 25 8 38 1 1
7 27.5 11.5 42 0 0 37 25.5 9.5 39 1 1
8 27.5 11 42 0 0 38 24 12 38 1 1
9 29 10 42 0 0 39 27 9 37 1 1
10 27 11 42 0 0 40 25 9 37 1 1
11 28 11.5 42 0 0 41 25.5 10 40 1 1
12 28.5 11 41 1 0 42 26 8 37 1 1
13 28 11 a2 0 0 43 27 8 37 1 1
14 29 10 a2 0 0 44 26 9 38 1 1
15 29 12.5 a4 0 0 45 26.5 10 40 1 1
16 28 12 43 0 0 46 28 8 39 0 1
17 29.5 12 43 0 0 a7 27.5 9 40 0 1
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A15199 2 (5id)

A2U817 | A7IUNIN9 .| e | weads A2MU817 | A7UNIN9 .| e | s

AU | soain | saawin maj WA | (¥19=0, | @19 | seain | e maj we | (919=0,

(w31.) (g31.) Rl ) | ne=1) (31.) (w1.) o ) | nae=1)
18 28 11 42 0 0 48 27.5 9 40 0 1
19 28.5 11.5 42 0 0 49 27.5 9 39 1 1
20 30 13 46 0 0 50 28 10 39 1 1
21 30 10 42.5 0 0 51 27.5 11.5 41 1 1
22 30 12.5 45 0 0 52 27.5 11.5 a1 1 1
23 29 12 43 0 0 53 27.5 11.5 a1 1 1
24 30 12.5 45 0 0 54 29 10 40 0 1
25 30 12 43 0 0 55 29 11 41 0 1
26 30 12 45 0 0 56 28 11 41 1 1
27 31 14 46 0 0 57 30 12 a1 1 1
28 33 12.5 45 0 0 58 29 10 41 0 1
29 34 12 46 0 0 59 29 10.5 39 1 1
30 32 12 45 0 0 60 29 10 41 0 1

WedhafiAnsiinsginisannesladuiuuarefwusnlglun1sinunganugnanuel way

ANUNIIRRLTBN kansdeyadmsuasiaunisainnsidaiifuuunisiiesgvinsannseBady Aldluns

MuEANNERINNTIT 3 anmsnifeyaaiisaunisTunsyihweaugdladai

AINEN = 2.836(ANY1ITOUN)+1.894(AINNT1NTOUTI)+67.719

lngaunsiiiduyssansanduiusnman (Multiple Correlation) Tunsvitung winiu 0.966 Lilet

aunstssuInlglunmsvinunganugaveanguiiedns 9wiu 60 Au lazdIsuiieuiuaugeasves

nauiiegns iemwmumesidusanuaaInniouaInaNgewse nuitlungudegiuneie uaslungy

fegauneands fanlesiduianuaainniousglugis -3.50 1 3.80 Wit dauanslun1sed 4 Taglunis

AU dleiidudanueaamdeuduauiansiauasiidunalitosninniugnss wasdiUesidus

ﬂ’)’]llﬂa’](ﬂLﬂa’f‘]uL‘ﬂ‘HU’)ﬂLLﬂﬂﬂ'}lﬂﬂ?WNQﬁﬁﬁ’]u’]vaéﬁﬂﬂﬂ’j’]ﬂ’]’]ui{jﬂﬁl%\i

M1519% 3 deyadmsuaiiaunisannsidaifinisinmzinisanneeliaduiuuvaeiiuys

ldlun1sviunealnugs

Auds B Std. Error Beta t Sig.
AUEIITOAIN 2.836 207 656 13.670 .000
AMUATINTNN 1.894 278 327 6.808 .000
AR 67.719 3.202 21.149 000
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M1319% 4 YayanauAAIAARIUIINNTTAINALIUAIINGIAIMTUNGUATaE1NAYIELAL

WWANEYAIUIU 60 AU (N=60)

NgUAREUNAYIY NEUATDEUNANGYS
a0 | Adnugease mqgigmn AnuAanaedou [ SRV | adnugeete ﬂ'm:gamn AUARIALARDL
(ew31.) AT (%) (ew31.) AT (%)
(z31.) (231.)

1 159 160.4 0.90 31 150 155.7 3.80
2 160 160.4 0.20 32 151 150.9 0.00
3 161 162.8 1.10 33 152 155.7 2.40
4 162 162.8 0.50 34 153 158.5 3.60
5 164 165.1 0.70 35 153 151.4 -1.00
6 165 162.8 -1.40 36 154 158.0 2.60
7 166 167.5 0.90 37 154 153.8 -0.10
8 167 166.5 -0.30 38 155 158.5 2.30
9 169 168.9 -0.10 39 156 161.3 3.40
10 170 168.9 -0.60 40 156 155.7 -0.20
11 170 165.1 -2.90 41 157 159.0 1.30
12 171 169.4 -0.90 42 157 156.6 -0.30
13 172 173.6 1.00 43 158 159.4 0.90
14 172 168.9 -1.80 a4 159 158.5 -0.30
15 172 168.0 -2.30 45 160 161.8 1.10
16 173 174.1 0.60 46 161 162.3 0.80
17 173 169.9 -1.80 a7 162 162.8 0.50
18 174 170.3 -2.10 48 163 162.8 -0.20
19 174 168.0 -3.50 49 164 162.8 -0.80
20 175 177.4 1.40 50 165 166.1 0.60
21 175 176.5 0.80 51 166 167.5 0.90
22 175 1717 -1.90 52 167 167.5 0.30
23 176 176.5 0.30 53 168 167.5 -0.30
24 176 172.7 -1.90 54 169 168.9 -0.10
25 177 175.5 -0.80 55 170 170.8 0.50
26 179 182.2 1.80 56 171 168.0 -1.80
27 179 175.5 -1.90 57 172 175.5 2.10
28 180 186.9 3.80 58 173 168.9 -2.40
29 180 185.0 2.80 59 174 169.9 -2.40
30 182 181.2 -0.40 60 175 168.9 -3.50
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4. &3y
nmsfnwiluassliinguszasdiiennnziumaLasUssanunNNEuMasINvLInYassasvnive Uselo vl

q
v

Tumsiiineneans lnedfudsildlunsinuirenuenvesseasi (Shoe length) Aruniswasseasi
(Shoe width) uagtua$saavin (Shoe size) Tnsfnwiannguiiegnayilneg fiflengsgning 18-58 U 1w
200 Ay wiahunane 100 AU wazmends 100 au Mnnsiudeyarialuvesngusogns léun e eg
013w dntin daugs uazlievessouinudwihnisiavuaseah Weihdeyaudienesinuingusesnadu
waeiianadeamimiin diugs ammemmuniie wasivefvessearinnnhAteaglunduieanads
agalifuddnmnsadfdeaenndesfiunuideves Hilmi et al. (2005) wennduilofinnsantenanunann
Tusuordnuazedinseshmuielisvesseariueshosiiinwdulvguesitriunsinuiluadildseai
flunndia 69% sesasunuseavinuny seavhdvy warseavhasulua amay Seseaidilubuseain
Aduifelunguanionaneu nmzagmnuagiamiundesi wagdnlngdendmduindnwid 71%
et Iuntinauuien d1me gsfediui uazenTndu 9

ofiansanthdeyannuen mnuniis uazesvesseain snadsaunslumsyiuneimAvesyana
Ingldatifuuunsiesginisannesladaindg wuirdeyaninunineg AN WABLUBSYDITOUVIN IINNGY
feehesiuu 200 Autiu WAnTed Ry iteensuld waranusaassaunslunmsyingme de e = — 1.037
(Aue1Iseadh) + 3.210mnieseasi) — 3.061(wuInTeuV) + 120072 wazdlevhaunistintdluns
vhunemavesngufieg iy $1uau 60 Au NuIEmsaismAvesnguiegsldftanugndes
fla 86.7% lunguiegeraiamunuazannsaviemealdgniesds 96.7% Tundusognaneens Tuvasd
Tunevhuemelungusogamands Tégndes 76.7% Tsnsvineanugsd aenadasiunuideves om
Prakash et al. (1991) uag Hilmi et al. (2005) @1H1I0AIAALILANNGINNNTIAYUIAVDITOAV LTI
nuANNENTUSARUTNETENIINAE VR ILa SR UALgatyARAle

uonanilumaiiuienugs wanisvaaesUhAIn LasAmENYeITE LTS ANTUS
AugensiEldaifinslinseinisaane@aduuuunanediuds lunsmenuduiusuuu 2 fuus lag
Tanugnuazanuniesssurilumehueganugwesyana aansaadiaunslumaihueanugs 1a
aunsdail Auga = 2.836(euemseni) + 1.89a(mniseash) + 67.719 Wethaunislunisusean
g aazANLeNYessBThlngmsduiiogaiudiu 60 Auuvadumane 30 Ay uas
e 30 Aunuhaidualdiaugndedussiufinn Sauvedidudnnuaaaindeuudlugig -3.50 fs
3.80 dwisungusoganands uaznguiegnanens Nuidelaenadesiunuiteres Kowkerd (2011) 7
IdfnuiFesnmsanaziunnugauazinavesyanaanseefinsiivi Insnnunirauazarme gagauesi
A13130A AN TIIUNEANNGIATINALR

MnransAnwafiiiansnsnimunvesseain sauisanuniausramemvesseaiuntilums
UszanmuAeugaagmanzumaresyanaldd Insaunisiiadedulasldadinuudis 9 awnsodiluld
Ustlendlunsuszanaanugsiasimavesyanathluussgndldldedumiuddimemandiiteidulselon
Tunmsumuaevaumiiinszyhanuialiaie
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lansau 2) wuuaeunuauiianelaruweUnaindu Microsoft Form wagliasgideyavneada Lakd Aade
wazALTELUULINTEIY

HANIFITENUI 1) MsiaunuANRIWesULTEUUUURNSEUATEER 93 A1zlandou aunsn
HeliananusluGeufsriuaiglaniou 2) uransauzasmansanamnssuiinuiianeladeunuiimn

v '
= ' a

Juilenaden 4.18 wasliArdrudsauuiinggiui 0.47

1Y a

AdAey : inupeNiiiees anelanfou svuulfuAnig uouasesd

Abstract

At present, global warming is another factor that causes climate change on Earth. This change
has caused the climate to continue to rise in temperature. This is caused by humans creating structures
or destroying the environment and nature. It is a matter that must be managed, cultivated, or
campaigned for human beings to create nature to achieve a better balance. From such problems,
researcher developed computer games on the Android operating system about global warming.

The purpose of this research was to develop and find satisfaction of personnel in the Faculty
of Technical Education for developing computer games on Android operating system on global
warming. The sample consisted of 40 personnel of Faculty of Technical Education Rajamangala
University of Technology Thanyaburi during the second semester in the academic year of 2021. The

research tools were 1) Computer game on android operating system in global warming. 2) satisfaction
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questionnaire with Microsoft form. The data were analyzed by using statistics which were mean and
standard deviation

The result of this research found that 1) Developing a computer game on the Android
operating system on global warming can help educate about global warming. 2) The personnel were
very satisfied with Web-Based Instruction which was developed by the researcher at mean of 4.18 and
standard deviation of 0.47.
Keywords : Computer Game, Global Warming, Operating System, Android

1. uni

Iu{]a@ﬁuqmmﬁ‘uaﬂaﬂﬁuﬁmLaﬁﬂﬁgaéﬁuas}ﬂaﬁmﬁm %ﬂLﬁ@ﬁ]ﬂﬂﬁ”wﬁauﬂimﬂﬁLﬁmqqﬁumﬂ
NIYIAANTINA 9 VeauyBe a7y N1sINaIyauiy, nsdnliviatedl Hug FeaneziFounsyantiu
daulngiinainfigaisveulaeonles, Awiivy, Aglunsaeenlonlazinglelyy %aﬁu%mmﬁtﬂmqaﬁu
oghasiaiiios Fs91nnssneaues Global Climate Risk Index (2019) thildissyd ledsasdugiaeitlésy
KansEVUTULITgaTiainaniglandeu  Soiilinsudn Beswesanmglanfeuiududedndiilismms
Ausuazndonsriletioflumsanannzlandou Inefluuudassnismangiuniionnidlul we. 2544 - 2643
heampivedaniufazdieiefifiutueiedos 1.1 - 6.4 ssmiwadea Fududadefiidgesiannuasn
flanusouvedantufingstudeon q wifanansznuuulan liasfinfosssuniiyuuss, naiuisuuas
QﬁmmﬂﬁLﬁmmiL1J?iﬂul,maﬂaemiuwé“uuazqama‘ﬁ'LﬁmmiLU?}IEJuLLUaﬂlsimﬂmmqamaﬁlﬂumwﬂﬁ
YossTINTIRLasHanIEnUINanglandeuiiinAntululssnalnedusrdmansenulunainuaneduend
Fudunedenenidlulssmdlngasiianufouiigeiu dunntoeadeilidouwdosaivihiushiluysina
fitiosuazdsmansaluinaunmaldduearsiluanunninfuarorafamiefisuusaiuty daumedu
inwasnssueAaanmzihteaiuluvdotnniduly dumsiuguamdudedaauousntuasiil
wmzuazdolsasing 1 Ranisuiui iWelsn WeruazuuaiiFonassinfauasveefaldfidenonionnie
fiarfeugeiuuassonmidlionnsyndslinadunniu wiewhisimenuiinmmganiafaniglaniou
9ndiuled NRDC (2021) Ténanain Suffuusnde Fudlutlamnnslandouiiiingsswnamniiaafe n1suen
dieuvidoaulunsauatiuazypradukiumalanisdsatn nnglanfeutiusazannsnanmufeuldosils
msdaaunszainuazaulaludesweannglandeunnniu vieduaSulvisgunatueenngransludeses
msUdesfnaiueulutnadivnzauazimusliinistissiumninsdesuaiuiniidmun Sus
s ndanuliinlidesuarlindsnunudouorduliAandsnulnin Tnglidenlindanuanaurie
wilaeadliiiendsnulniium Sufuiiany madenlivasaliuuuneads Fweonliuuuuendidy
fsmiignuazdafiszernanunsiéonuenum mawdeuduvasausadivun 10 Saduldunumasalwiuy
FaRuIn 60 Y6 azanunsataslusEnnEuUsEan 4,000 vsed Susuiid WasueuNIUEaIN
grummuziifdethiufuuussuulaviavdosunuzuuuliih WeanUmameshifuuasiu Tagly
T 2017 frnadslumsliinduuszam 505 Tudso 1 unuasu 36wl 2011 sruwmugliisiuidiadsogi
28.3 ludwio 1 wnw 1Jusiu

PNNMIANBINTIBNUNTITeEes MadsnanumsailammginssudssuarnsfnnaluinGeu
T5958u130eTEUUMIQUATIBMARTINIS BUVR4 Visanuyothin (2013) lalviaumneveanumeniamesientd
31 Wunandanilsarnanudndivesnisuaunaulugumelulad (Technology Convergent) &3zl
osjmneiiionauaussafamsTueutuisiiudisu
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MNMsAnKINaLITEves Arcade (2009) lelidesuiaiiafuinuasuiiamesin iulusunsy
diSagudsmaminuiiausneiniesneufiames Tneldiund ulufiasi 9w viogunsaluszneudu 9 uas
ansnsoviligausiuddndusuglanniy

1NMSFNHI9NNUITEv83 Panyakad (2009) llsirsmaneveansin 1na mnef nswauiifiau
ogmeldfeulumsmunuuaziynEudunazgeauiitau lufeulviidriauasinnudass msaunudums
seldmnuanunsalunisuansanumioniniiolvugrieursduuuleuldediiasing o veunuasufiunes
soulatidugunsaldidnvsedndiSenauiumes uiazihulszendiussuuinietionauianevsedumeside
Fragilitimadeusielagriumsliuinisvesuien

mnilldnanisasuléi inunesfiuned Ae inafignadraduniieliduuueiesreufiunes vio
gunsaiBifinnsedind ey Tnsdwiidefle, wiudn (Hudu Fanstersuuvuronnuuninunduuy
powRumed asfudevsvauiiineyis am Fes dorn WhAndufouvuiaifide ileliiauannan
novausdlsiuiiuagiiuaynauundundarudsdsgliiduldiiainueuaznasuiunising 4 sntu
NILAY

IINMIFANYITILALBEAINUNANITEVRS Panyakad (2020) nanadn Tudagdugunsalnnm taun
Inséwvidofouazaeuiumefuiudndunalniiddyivinligldidfedumesidals Tnsgunsaimnmildiinng
i ldaruimndiaduesauas (Hardware) uazeamsinag (Software) vidaidenin ueundinduuuiiefo
Favlyigldannsaldnuueundinduldegreliussaviam uiala feuneuaussaudonis Saveuuas
faumanvanguny

MnmsaAnvseazdeaanules Webopedia (2021) 16na1a91 tnauszwam Arcade game tudu
inuudndutssannisiifeddaunailunndusasanmnefuitvionssinaoulss Sunudssani
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HTTPS egn9gnaesdadinnudrdguindmsuuinmssuiamndumnesiin Weswniideyaiazidensounes
Alduazdudmanendndmsugusznevetveinssy luunanudl §3duudnaws WEAPONS Juduiniaslle
VageUNaBIiIuuY offline LieUsziliuanuauysal wazanugndewainisusuldnsdisfaiu siuds
M3UsUlY HTTPS wavnalnfiisadastiunsdnsdadu wu HSTS, anfniianuuaensde (Secure cookies),
nsaewdumadu HTTPS (HTTPS redirection), waznsly HSTS WueniEudu (HSTS preload) lnegide
v A4 A o \ A & 2 a s & o & A a ° | & &
eldnsaailaninanuseiliudvlsdsuiaisnedumesidniduneeadeululseimalng 31w 8 wite Madl
NHANsVaaeULanIliinI1 WEAPONS anunsadumdeianaintun1susuld HTTPS 16 wazlnmeqneay

a ° Y a a = ' & A a 1) a v a a '
fo1aviiiAnnislanfuuuauna1e siudiagngeudu 4 MglaudensliusslevilunisiUamedayaiiavidunsou

ANdARY : HTTPS HSTS n1siinsaliu Web Encryption SSL/TLS WEAPONS

Abstract

With Thailand rapidly moving to a full internet banking ecosystem, the demand for online
security has never been needed more than it is today. As the security and privacy of internet users
depend on HTTPS, a web encryption protocol, for securing communication between users and web
servers, HTTPS is essentially the center of the web ecosystem today. Unfortunately, despite the
increasing number of HTTPS adoptions, numerous studies have shown that a large number of
websites have adopted HTTPS incorrectly, rendering users vulnerable to information leakages e.g.,
eavesdropping and man-in-the-middle attacks. The correctness of HTTPS deployment is even far
greater for internet banking services due to carrying user’s sensitive information and being prime
targets for criminal activities. In this paper, we present WEAPONS, a novel black-box testing tool for

evaluating the completeness and correctness of web encryption deployment including the deployment
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of HTTPS, and web encryption-related mechanisms i.e., HSTS, secure cookie, HTTPS redirect, HSTS
preload. We use WEAPONS to conduct an assessment of 8 popular internet banking websites in
Thailand. We demonstrate that WEAPONS is able to find HTTPS deployment incorrectness. Several of
these weaknesses can expose the affected services to man-in-the-middle attacks and sensitive data
exposure.

Keywords : HTTPS, HSTS, Web Encryption, SSL/TLS

o
1. Unu
meiligldanunsedeasiedeyanifianuseulmmsesulailieiaendedusnguidfiyues

o

<

szuuiinavesdulutlagtu HTTPS \Wasndausnlud w.a. 2537 1ag Netscape Communications’ foiduqn
Audanisdnsaiv %ﬂgﬂaaﬂLLUUSﬁumLﬁaisfﬂuﬂWi%ﬂ‘mmmﬁumﬂaamﬁmm%umaiﬁm F9Y19TY
N"33U589AUYNFB4 (Authentication) nseneloudeyastsaendy msanifivaniivaende wasnisviessu
wuudui Dudu uasilesssnssulnandeyadiuyaraswumnnludaivleiisduesedeidodutin
Uszdniu ﬁﬂﬁ’mmLi‘]‘udauéfmaa;ﬂﬂumiﬁaamwuaﬁﬁaﬁaLﬁuﬁaﬂﬁﬂﬁzyl,l,azlﬁ'whu PNHANIIANYINY
"ifi'fwmH%u%iﬁLﬁuﬁammﬁwﬁzysuaﬂmi%ﬂmmil,%miaL’?Uiﬁﬂaamﬁammﬁwﬁ Inauandliiiiuindlous
ausaidndn session wavvluedayavesylilaieiiedla (Marlinspike, 2009; Acar et al., 2014; Castelluccia
et al., 2010; Bortz et al., 2011; Sivakorn et al., 2016)

adslsfmudulailiusmamedunedidandnsuaumndensliszdaseSdunslduinsidom
unsdeudeiildldnsa Inglddeiulinisiouseidnswa (Enclehardt et al, 2015; Castelluccia et al.,
2010; Sivakorn et al., 2016; Liu et al., 2015) siduiieananmssmuanalneusiunsUasnseiifedes
EJEJ'NMQHG?T@& (Sivakorn et al., 2016; Kranch and Bonneau, 2015; Clark and van Oorschot, 2013) %ﬂz’hu
wiilvgflienagnlandlasnisluetosa Tastemeduledidammudfadsesdingsesingy Jimslonfsnume
fanan wu uledvessuinng iWesmnantumenstusinduguinasesianssuiidsustasdhouazdolns
Y045{l3in347 (Silver-Greenberg et al., 2014; Capital One, 2019) suIANsAwBITUTBIANNUNFDIVDLMALLLAE
uazszuumiuasUaeafovesnuies a1 smshilaliitugninedisreides Weussmelneidingssuy
mMsfuvuBumedidnogafiuguuuy mnudssnsanusiuasasasiouasanududiusmssulatiedam
Indusgrannluiagiu

Tuunarwi fidelsinauouazAndureniasie WEAPONS (Web Encryption Analysis Program
for ONline Services) Fadulusunsuiwszinmsdnsiadmiuduiisesnsliuinmsesulal Taelusunsuay
‘1/'1"1mimaa‘uLﬁaﬂizLﬁummauyiaﬂmzmmgﬂﬁawaqmiﬁﬁﬁaﬁ‘jﬂbﬁé WU HTTPS, Mswaeudumady

a

HTTPS (HTTPS redirection), HSTS LLazﬂﬂﬁyﬁUa@ﬂﬁH (Secure cookies) tnglunsuseliuUssansanwea
WEAPONS ;ﬁ?é’]’ﬂlﬁiﬁﬂil,l,ﬂimﬁ"aﬂénLﬁaimiwﬁLLasUizLﬁumivﬁ'ﬁﬁa‘uaﬂL%Uleuﬁﬁmmimﬁuma%l,ﬁm
Alealiluuszmelne 8 wis wagdslimwunsimuamianaindwiuviliionshlugnadasedoyaiiazden
oouls

(1) dnguszena

TnothwnevesmsiseitaeUssfiundn Ussiiiuusn Ao e laaauznsdnstavesiulesisuians
madunedidnvedlve Ussiuiiaes fie ieadauedesdioneaoudaludidmiulsadiunmsdsiaivlediiie

FPUANUAANAIAAN4 9 FeenailugnisilamedeyaniaiuasiBenseuvely

! NetScape. The SSL Protocol. https://web.archive.org/web/19970614020952/http://home.netscape.com/newsref/std/SSL.html.
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(2) fuuazanudfey

Tudwilfieaslideynasuiinitunalnmsinmanuiiuasasndouazmadhstaivuaznms
vosmslandimiliglonfansaidametoyatiazidunseu

2.1 nsdsiaiu

flusTareauaznalnanasgrudwaunis sisluiledlian (web client v3o web browsen) uagils
@snes WelildnuiuludiAammusiulalunnuasndouazanudius

2.1.1 HTTPS: Hypertext Transfer Protocol Secure {uluslameandnlunnusiunsasnded
oonuuusniudiuvenees HTTP Wensdeansiisiunsasnsy HTTPS viananAaidunislénumsidhsia
9nluslanea SSL/TLS uu HTTP? Ssaxtudstoyalneliluslnneailiinsiia (HTTPS) uazlmnusiuasUasn
3 HTTPS signamnuindunsinnanusiuasasafoidudiueiunnnd uazinligmirlulddmsu
request n 4 nthvesduled SasHnaedsuushliiuledld HTTPS lunavih lihindemuazemuandendeu
Tuazanndosudluufinng® sadannisd1saves Google wuilsiuau page ’Lu%umai‘lﬁmﬁgﬂﬁ'aﬂmu
Google Chrome 3111171 95% ey HTTPS (Google Transparency Report, 2022)

2.1.2 mswWasudunis HTTPS (HTTPS Redirection): nsiumidelauudilaid https// aslu
wiriwesasthgllugs HTTP Taednlud@ Megratu mafusi example.com adluusniiwes Suiusiwes
awvhinsdsive HTTP luSadudsnnes example.com feunnduartuegiudiulusilaziudsudunis
winiwesluds HTTPS Ssunfavvilaensiudewdunia HTTP wu 301 Permanent, 302, 307 Temporary
Wislusiwesseseluluslnaoa HTTPS unu (https:/example.com) sy Faduniifivesu@innes
Tunsiasudunadu HTTPS TaeiSafigaiilennuvasafovesld Gansiasudunslag 301 Permanent
Wuduugthunasgu desnlumsszyliuniweslémaasuduns HTTPS aginns iendnides
ms¥lvavestoyalviuniig

2.1.3 HSTS: HTTP Strict Transport Security* 1ugusiaues HTTP (HTTP header) nsnauaues
HTTP flfidunalnlunsssylidvlsdudaiuusivesifieliidedeniiu HTTPS Wiy Taglifesende
mMswasudunis HTTPS 9nida@sniies wearnnalndu 9 wu HTTPS Everywhere® (Sivakorn et. al., 2016)
wdnnnsmssryEud dedinaddaduled winiiwedasdhleddudl HTTPS wasiAsudumeneluluds
HTTPS anuauiives Strict-Transport-Security %*'a‘mJmmmdﬂajﬁmsdaﬂﬁagamu HTTP (WA 9 request ¢
gnddluguuuunsiingta) vililsifdeyairlnaseminenisds Jackson and Barth (2008) létinauendnnis
vosnalniinfausn TneFennalndenannin ForceHTTPS dududiuvsnesveaiuusiwes (Web browser
extension) dmiunstsulinsidendenuy HTTPS aunalnildgnuiuusuerldasradunasgiu HTS Tu
RFC 6797 mnlsifl HSTS fiildnuiuluddsasiesdomsiuivledsin HTTP (s of fegratu
founsAsuduNIIes HTTPS e Awsluguiuy HTTP Adeuseluvihvoaiuled wu Awe HTTP 910
\lovnuay (mixed content) (Chen et al, 2013) ImEJmiﬁwa;ﬂaﬁlﬁlfﬁﬁiﬁaméwﬁé’wmaa%ﬂamaﬁm%u
nlauALuUAUNAIS (man-in-the-middle attack) 1@ SSL Strip (Marlinspike, 2009) auganslaufLuy
n15ulue session (session hijacking) 84 9 s?iaiwazL§ammikmaﬂ'Lﬁaaﬂﬁaqaﬂa,Jﬂiagléﬂudau 2.2

?IETF. RFC 2818 - HTTP Over TLS. https://tools.ietf.org/html/rfc2818.

® Google. Secure your site with HTTPS. https://support.google.com/ webmasters/answer/6073543.
“IETF. RFC 6797- HTTP Strict Transport Security. https://datatracker.ietf.org/doc/htmU/rfc6797.

® EFF. HTTPS Everywhere. https://www.eff.org/https-everywhere

99



N3an5ide Ui 15 atuil 1 unsau - Tquneu 2565 ISSN 1906-1889

pg9lsAnnu ﬁﬂwufﬁaai’mwﬁaﬁlﬁuamﬂ%ﬁuﬁaamuﬂ'uiai‘i?i;lﬂwammim?ﬂlmﬂalﬂ HSTS 16t
Tnefivmuandnaeinndnimuiivlidlafeatunsldnalnmardosanngay Taefnldlulumed
lﬂgﬂﬁadmmﬁmuzﬁ’l (Selvi, 2014; Bhargavan et al., 2014; Kranch and Bonneau, 2015; Barefio-Gutierrez
et al,, 2020)

2.1.4 msimuae HSTS: msialden HSTS th WwNMUUAKNUAEININSMBUANRY HTTP
(HTTP response header) il nsmarniiazdoadunisserlnenismevaussan HTTPS wirth (lsfly HTTP)
Lﬁaamﬂsﬁwaawaﬁﬂﬁgw%aLLf’ﬁ‘lw%aaUmﬁaﬂa'nmﬂLﬁums&%mﬁLﬁmmﬂmiﬁamial,wu HTTP wieliiAn
mmL%ﬂiﬁ]uﬂﬂﬁutﬁmﬁumiﬂizLﬁuﬁﬁiﬁaﬁﬁ%aududauﬁ 4 lufiiazesutesds (HSTS directives) gl
Tuslamea HSTS wagnsimuneigndesniuuugt foil

max-age: nanduiniifiusrigeswedwulilsddoudeiu HTTPS Tnefadumdunuduuin
0 9 uavsvernaieglaTunmssumadlefinsdsdst HsTS Tmilufausiwes egrlsinny lufiduusi
s fumenmsdmsussernafinisieen max-age usiszaiIaN max-age TentusransuaunIsdeude
HTTP Tnemsdsrndusuiinutesfianfossoznanisd (max-age: 31536000)

includeSubDomains: {unilshusdsaani HSTS gﬂé‘?whmuimLmusjaaLLaximLmuﬁwuiu URL
vaaiuled feghaay Lﬁa%ﬂﬂﬁvﬁwﬁu“mwﬁ https://www.example.com/foo a8 HSTS %Q%Qmﬂmﬁmu
vuwtila 9 Amnu Adrdeing www.example.com agnalsfiniu HSTS llddalFnuuumidululanmsesu
YU (example.com) warutidu o Tulaugoy Wy bar.www.example.com frefds includeSubdomains
wsTiwesandaldon HSTS vulnwudesoma dadumilafléuu *www.example.com sy Wienu
Uaensu3aiinisuugthlild includeSubdomains Liesanagtaduld HTTPS namhlulawuges wagmnidu
1014 msfaeh includeSubdomains Tusesudelau (5u example.com) etiaatunnutinuuelaum agnils
fimu @1 includeSubDomains lildduadfuuazdesiinng RFC 6797 mnudidunadendiodfiuning
Unoasvegeauysal

preload: \unilslumdsdutia HSTS Gemuauuarimslag Google® Inefds preload HSTS
aggnlvanbidmthluusriwes o Sules preload HSTS azlideusietu HTTP wemninsldimdad
oghagniias nidulediosmseglusiens preload Bulariazdesufoinudeimuslunisdwiomun sauds
#1lususes (Certificate) ﬁgﬂﬁm nswasudun1e HTTPS IﬂLiJu‘EJ'E]H‘UQQL%UVLaﬁﬁﬁlﬂMMﬂﬁaﬂagjuu HTTPS wag
g HSTS il max-age ogatioemilsd includeSubdomains wazF1ds preload WaidAn preload lailadu
Adfafunazdosinu RFC 6797 vnudilumadeniofiueuuasafoegisauysal

2.1.5 aniiiuaens (Secure cookie): ANT HTTP (HTTP cookie w30 cookie) udayauunidn
ﬁL%i‘WLaa%dﬂ"LUéTqL’“Juwiﬁl,szja%mm;ﬂ% HUEIUTINBINITABUEUDY HTTP (HTTP response header) lagld
ot Set-Cookie” Aniazgnimifiulneiustiwes udnainmasad anfasgnuuulufudive HTTP
Tudushiide Cookie fimsldand aghaundvaneiiongUszasdlunsnsaevans Wosmnaunsoliidu
session ID IdndsniuNsEUIUMINTI9AB VAN (authentication) fatiu axdosimsdaiuuazdsani HTTP
ogsUaendeLitetasannslaufuuualueg session (session hijacking) Tnglusnasigiu RFC 6265 éifmun
Fanuziiuaenfdmiuani (Secure attribute) Tnenfuvildlusadendifily sisilanifisinskeenaniug Secure
wgnaslUSadudsnesinu HTTPS windu oy Sedniiduusdldldnisdraniug Secure Tneanzly
Gulwdfifidemaztensounarmsdondu

® Google. HSTS Preload. https://hstspreload.org/.
TIETF. RFC 6265 - HTTP State Management Mechanism. https://datatracker.ietf.ore/doc/html/rfc6265.
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2.2. mslaedeyaiiaviduasou

msTaufuuunisalue Session (Session hijacking attack) lunislugewmmdnidalonia
1ﬁpﬁﬁ]mﬁawmimﬂmaﬁagamm;ﬁ%lé’lumu%"a%uﬁﬁ%ﬁaLﬁuLawwmﬂﬁmﬁLﬁmsﬁumumi?amiﬁuuﬁ'aqmmﬂ
mnaiupsaendovasnsdnsta Jamumnuiunsasadefidnuiluemiset dnlwedunaunandules
Asissldmadrsialunnnihuaslamugos ieuntasaniviann taeddogansTaudfiAndusnnnean
9ABaUAINGTY WU Marlinspike lsiuandliiiunislaufiuuu SSL Striping (Marlinspike, 2009) Inerdunislaud
fandunswaeunlasiiae HTTP ﬂ%ﬂLLﬁﬂﬂ@ﬂ;ﬁ%’lUﬁﬂﬁULﬁ?ﬁana% (ReuftaziUaswdu HTTPS) wenanidsdl
nuATefnandiFuTemmdsdunsatuayudiuledfitidevua (mixed content) szwig HTTP wag HTTPS
Feronsininduiidng e HTTPS LL@iﬁLﬁamﬁﬁmﬁﬁayjamu HTTP (Jackson and Barth, 2008) uaniuiie
291 Englehardt et al., 2015 afiUs1ed1AnT HTTP Ssanansadalvariunisdousie HTTP tu ansnsaldidmiy
msdamunsifauvesidainyaradu q Tnemsideslosiveiiumnsnafuludafldsiedenty nadndves
msfnwil iWudhiesnnauesmadeuselildidieia Liu et al, 2015 Anwideyadauyana (Personal
Identiable Information) ﬁgﬂﬁﬂum%ﬂj']ﬂﬁhﬂﬁvﬁﬁﬁa wannil Sivakom et al. (2016) uanslifiuicaiinns
Tunslignd ilemuauszutlinnesiaundssdugaues Google Higlimaniaes Google reCAPTCHA 1ng
flavfenunsolinnivialusinldifionaudesnismeu CAPTCHA way fafnwinnulivasndovesdulesdidny
11U Google, eBay LLas%TﬁLﬁuﬁaﬁaﬂﬂmmiam'mLﬂudawﬁhLﬁaamﬂﬂ'ﬁhjﬁﬂﬁﬂ%milﬂﬁﬁa wazdsaunse
swswaniuasdeyadlddnlugiueietsld

2.3 anusiuaslaensevessuiamsnedumesiinlulsemelne

Tuszeziian 2-3 Uikiuansuiasmedumedidalulsymdlnedudmunerenislaufives
msuzyﬂﬂiﬁmalsuLU@%LLazﬁLLmIﬁmxLﬂ'uqﬁu (Posttoday, 2015; Bangkok Business, 2021; Prachachat
Turakit, 2021) fldtesiuuanniivhnsiessiuasliouiisussuusuinsmadumefidaluussmalng
agnalsfinuauddomaiulllgfnmmusiuncasadodaneia witiunsAnudunssefiueundes
Analingdavelday (Namahoot et al., 2018; Aboobucker and Bao, 2018) warnsUszifluausiung
Uaoasdeniuanmsdisiateya (Khattak et al.,, 2021)

Kasernsan and Hunngam (2011) linauefuusiuaswuusnaouanian1ssneanuiung
Uaendgvessuimansdumesiindmiussiasunenslulsemelne Inediausuudaiiaulavansysznng
WU amudedievesszuy sUsuunsgensumalulad mssusesanugnsies sgnalstaud@nuldlévihns@inw
wiveImMsnyaaEiuaasadelunisdhsimiu Hamid et al. (2010) W@nwuisuiiisussninanisinm
auunsaensevesusmssunnsmedumesidalulsandlvewazanads Tngldnuiszuusnuanusiuag
Uaondgrassuansivefinnsguiisng idesnisiuumansTaufifigens eglsfinm auideilildsm
nadnsndumailala 9 Subsorn and Limwiryakul (2012) @uUssidiumnusiunstasnfesuinsmis
dumesidnlpgnisiuSeuiisusuimsmavdveslseimresansidouazussmalng Usenaumensinsiey
nahstanarlususesiiva suinvesidnisdneia waslddeasudn sumsmndudvesussmalneduillasy
msfmdenunieszidnlnaifmianissnwmanusiuasaenselunsiiusmssunasndumediin egnsls

o
v

Amu 1lesneuddedidunuddeand we. 2555 Jagtuasdunamuliindinsuiulsssuusnemanusiung
Yasasdeluusnissurarsmadumesiinluussmalngliunn wu n1sldau HTTPS wag HSTS (Sivakorn et al.,
2020)
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2. 350115998
ATNNFIUVBIISUU

TuduilazeSurenisesnuuunarnsldauunanresunisnagey WEAPONS (Web Encryption
Analysis Platform for Online Services) 7ildAnfunazldlunudded Tnoszuuldimuiulagld Python 3,
Library ndniide Selenium® fadumsauaunsieudiluifveauiwes uag Selenium-wire’ faithudu
Y8984 Selenium dmFumsitidisdve HTTP g3duidenld Chromium WebDriver iitelviasnsalivszlov
Pnileffumsiauiivennratsveausiwes fu1an Goosle Chrome 1as#u 90.0 Tagld WebDriver
anunsold automate TunsAumesRUsEney HTML, nsisdiusiues HTTP detiu Seanansneanuuulss
TUsunsuannsaeuAismunandulediinedestunisdsraiulavalongng Wu HSTS, ﬂﬂﬁy HTTP way
naiAsudume HTTPS Vaigldanunsausuideu WebDriver Whdunesdutlagsu videidenld WebbDriver
2849 Browser winduldiguiiu

@ vevsite URL
https:/foo.example.com

Web Browser

Analyzer WebDriver

Report

AN 1 AwsanvesdaUnenssunanvasssuu WEAPONS

m‘wﬁ 1 YNEUDNINTINYBINTITVINUVDS WEAPONS LﬁléﬁLﬂiwﬁl,l,azmmaaumﬁLsﬁﬁﬁalfjwm
Viuled WEAPONS 19 URL e iulesianngly mmfu?jw'hmﬁmeﬁlﬁulsuﬁl,l,azﬁaﬁumaé’wé‘lﬁ;ﬁ% JERERANT
Usznausie 5 Juneuman (1) n13u URL L%Ul%ﬁmuﬁcﬂ%ﬁmum (2) WEAPONS 9zi30n531A5129ilaenas
f\ﬁaaﬂmﬂﬁammaa;ﬁsﬁ%Smmmiﬁﬂmiﬁamiﬁu WebDriver mufina1il3dssiu (3) WebDriver 2213n
Sulasiigesnsnaaouriiu Web Browser Ingavanazshenilaesmlusi uazsiusiunadng (@) Analyzer 9z
sradoyaiild uarlingei dumdedwiioraifntusasnsimunaitldgnaedumadsiaiunuiiosue
Pludwit 2 Moud nsld HTTPS, nswasudunia HTTPS, HSTS, HSTS preload LLasmi(?i”’qmamuzﬂﬂ?Tﬁ
Uaonii (Secure cookie) dugaving (5) szuvazdsiodsiidunuiaomanduluild WewSeunaidldlnems
a51951897u HTML dwiunisasaaseuniiniiy Tnenssuiunmsameldnaiussana 60 Sunfidmduusdas
Fuled eehalsfnnu gligadidadeniioananuatlunisselnanuiinivaudia uazanunsaiFonld WEAPONS
weufufiunszuIuns WebDriver fiunnssiuvuademiadsnnesnaasnioaiu welinisldinand
UsvaMBnmunniu %ﬂﬁ%ﬁﬂ%ﬁ%auamamﬂ% WEAPONS iiensiaaeuiivlessurnismsdumnesidnly
Ussiwalnglunanisidenely

¢ SeleniumHQ Browser Automation. https://selenium.dev/.

° Selenium-Wire. https://pypi.org/project/selenium-wire/.
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vt mﬂéﬁauhmmiaL‘ﬁmmaaﬂsﬁ WEAPONS 1471 https://github.com/ssivakorn/WEAPONS
wiouturesaldn fogaseay dite uasfegnnslinu Snieidessoygelfssuudinardusens
Tuguiuu Open-source itlviffaulaannsnsumianngennifinalddnde
nMsUsEIiupg

Piddoniuledsuiasmdumesiinsenienlulsamalne Adeliuinsuudumesids Sy
8 U dnsutssiiugeninsitliwanntu nedidumsluieunsngiem - Asmew wa. 2564 Taea1adl 1
wanasensUIMsTiAenn¥eniy URL Uinmssuimsmsdumesiiniinsiaaey

a = a ¢ & A Y A Ay Yo
A15199 1 518a5UIASNI9DUWasITALAS URL Nlusnistudsswmalnanlasunisnsiagau

USMsgsnssumsdumasiiin FUIAT URL

Bualuang iBanking AFWNN https://ibanking.bangkokbank.com

KTB NetBank ﬂgﬂlm https://ktbnetbank.com

TTB Direct Mdudsurn https://ttbdirect.com

Krungsri Online ﬂﬁﬂ%‘aqa&n https://www.krungsrionline.com

K-Cyber nanslne https://online kasikornbankgroup.com/K-Online/

SCB Easy Inewdivg https://www.scbeasy.com/v1.4/site/presignon/index.asp
KKP e-Banking A SAUAUINT https://bank.kkpfg.com

GSB Internet RRHGIY https://ib.gsb.or.th

3. NANISNNADILAZIANTAINE

Tudiifunslfreandeafsiunaresnisinmnmmaseuuimssunmsmadumedidn §ide
enuinmamaniinnswensildtuauiieuiianlulszmalne lewud Ssdvivlsdvsssumsunouisiting
fvuamianainlunsld HTTPS soravilideyairluald msnedl 2 diaueamsmvesunissuasma
Suwodidnuasiadnsvosmite fuisluiuaniternudlusasasunavesmansnaouroasanivlufly
drstely fisihitelinsfnviduluegsuaonsonasdostunansenuiionnanfiniu 36ld e domus
wazlsiFeaddiu (sunens A - H) ileunumslidesumsuaruinisats lnsanansafnsedidoiiioveseaziden
uazranFIdenudesunmsuazdeuinisate

3.1 suiAns A Wuswiasfiliusmssuansmedumesifaadudug Tuusymelng 21nnsvagey
wui1 Uinsdsnanlildiniseyaeliidouseniu HTTP uavsesulamiz HTTPS sufia HSTS fe
IncludeSubdomains uag max-age Tusvarramily udliléusuld HSTS preload eehslsfnu wdasile
WEAPONS dmsanuindafianivtsduddilldfenlmdu secure

3.2 5UAN5 B: namsvadeunuisues B iufissdvlsdidesiidnsuild HTTPS fiauysaiiian
Fasaude HTTPS, nswaewdunis HTTPS, HSTS, includeSubdomains, max-age Tuszeznamily uas
HSTS preload vinsiiduitemiduassduledsunsmedunesiniilasunsinaouinlddsuld HsTs
preload 91nn15A529deUMiTAL 5uIANT B fin1sUSUlY HSTS uudelawu studdlmuugesdtaun
(“include_subdornains”: true) fiansnsawulu Preload List® lunisliusms denalilauugesivmnsauds
nthidngssuy Wousedu HTTPS vuusiwesiisesiuiaue uonatn HTTPS uay HSTS ud Anfvanunfiny
oluanuindngssuvasgnasananiuzauasade dsfindld dailldiulaldinanifiasionsouas
liigndseenlurumsidensio HTTP

' Google. HSTS Preload List. https://source.chromium.org/chromium/chromium/src/+/master:net/http/transport_security state

static.json
103



N3an5ide Ui 15 atuil 1 unsau - Tquneu 2565 ISSN 1906-1889

M15797 2 agunanisasradauiuledsuiasmedunesinlulszsmealng

- nswaBudune HSTS anuzan
VIR rres \Ju HTTPS dwia | Include fiuaensiy
TRUTRItIR (HTTPS Redirection) | (Header) | Subdomains Max-Age | Preload (Secure Cookie)
FUIANT A Yes - Yes Yes 31536000 No Mixed
5UIA1T B Yes Yes (302) Yes Yes 31536000 Yes Full
gu1ANs C Yes Yes (302) Yes Yes 16070400 No Mixed
§uU1ANS D Yes - Yes No N/A No Mixed
suUANT E Yes - Yes Yes 31536000 No Mixed
UM F Yes Yes (301) No - - - Full
5UANT G Yes Yes (301) Yes - - - Mixed
5UAT H Yes Yes (302) Yes No 15552000 No Full

Yes: nun1stilalganu « No: linunsidalgau
Mixed: WUAMSIHU9EIU « Full wunislonanun

3.3 suiAns C suians C WudnmshudumesiinlaeSuledliudnnstinu HTTPS, nsdemdunia
HTTP way HSTS wioumelauugesuas max-age Uszanas 180 Ju Swneanuidesdildusnsmelu
audoudielfudlahiimadonsie HTTPS (feufiulons HSTS asmunene) wenaIntl WEAPONS annsn
nsranuAniUNdITeaIules (5u JSESSIONID) laildisrantuzmimifunsuannse (Secure)

3.4 5U1A15 D: AINNITATIVABUNUINT HTTPS wleanusiupsUaendouazanuidudiuia way
LalsiuSn1ms HTTP eeslsfinm annsounsnaaeuild wuindinsimuadiliigndedludausia HsTS Tae
\aNNZaEngBs dauth (HSTS Header) Ao inadan (strict-transport-security:) ot s iwesalaigan
HSTS Tunseliy

3.5 5UANT E: Wuianuuinisvesuastiulsswalnediulve) suiais E lalwusnnseiu HTTPS
uaz HSTS nieulauugosuar max-age svtznaming agslsinu and HTTP vieilaildfranugaa
funsaendt

3.6 sUIANS F: 91nNanIsnageunuiunmssuansestlatvessuians Fidudulsdidendiannnis
naaouiilalléfinmadalinu HSTS Fuduislszdumnudaendefidnisuasdu 1 Wesneragnlanilag
nsalue Session Wi SSL Strip auitléinanuly 2.2

3.7 sums G Wuduledsuimsmedumesidnainsuiais G lnenuinladsessunsldauuuy
HTTPS Wity Buladlafanumensnlunisimuaan HSTS Tudaui walannuaaliligndeslagld
“stricttransport-security: max-age=expireTime” Lwlull’lmgﬂumﬁﬂﬁnuﬂué?uﬁ 213 fethy nsldey
HSTS weatuleddananidslifina uazenagnlaudlusuuuuildnaunivudiy
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A151990 3 WAAINISANAT HSTS #99A59U89I5UIANS H

HTTP/1.1 200 OK

X-Frame-Options: SAMEORIGIN

Strict-Transport-Security: max-age=31536000; includeSubDomains; preload
Cache-Control: no-cache="set-cookie, set-cookie2”

Connection: close

Content-Type: text/html;charset=UTF-8

Content-Language: en-US

Transfer-Encoding: chunked

O 0 N O RN e

Strict-Transport-Security: max-age=15552000

3.8 5UIANS H: Wudenfuusnsvdnvessunansdu q suiens H Wusnssuiasadumesiinuy
HTTPS néoudusi HSTS Tneil Max-Age 180 $u waziinisiaan includeSubdomains dewuiu aehslsia
Tunsnmagou sldnunisaeriaanainaniulsdidesainnunisde “Strict-Transport-Security” 9
avsndily Header (5197t 3 Tuussvindl 3 waz 9) TnewudnaAdiliwinfude A1 max-age 18uA 31536000
(1 9) war 15552000 (180 $u) 520daA includeSubdomains waw Preload Alsifinsaseludauiiaes il
flothen domain vessurmsianaluAumly Preload List muildnanald wudn domain dsnanlailsoglu
Preload List anuitlddadly

4. g3UuWan1sANEN

4.1 HSTS wa HSTS Preload: wiiwiulasitamaiivinsussdiuinisusuld HTTPS udh ustlalle
yneauh Amemuagnisduliifiedeusietu HTTPS wihdunuiina17l3ludwd 2 nadwsvesnismaseu
ssyinvessAseBumesidn 7 Tu 8w WS HSTS Tuvmedifidios 1 whashiduilld HsTS
Preload aelsfimu wud1 5u1A15 D warswn1s G Snsimunainaudina1dliludmiiudy uassunans
pauduitinsReAn HSTS Tiandouuazlinseiu nsAnundmuinduleddnlnadoi Max-Ace Tuszeziaa
1 ¥ warlngdwlnglafifinisTdeds IncludeSubdomains g

4.2 mMswasudunia HTTPS: nsinuaainiswisudunisfimunganduisiduiionsy
Usvaunsaimavieiuiifiauafisuaziiunsaende fauiluiiagiu Chrome dusinesdu 90 azfwun
T#tin9ld HTTPS WWurfiugruluntsdonduudafiniu (Chromium Blog, 2021) eendlsfiildfidliinosdud
wwaglsunsudy q Suduiidesnsdsudumady HTTPS anwasnnisiteuandliistuindiiules
sumsmsdumefntuldiiinsaswduns HTTPS Taglddnsiaswdumamiunisld 301 uay 302
redirection vidaidendiaglidsousunisilonseriu HTTP iy

43 gnifivaonde: MnnsAnyAfenuididuledsuammedumedidnfios 3 wiarhdufivedn

v
]

anuzanuliuasUaenievesnnivianun mshildaninvasade sxdigliuuladngniszgndamitugemia
Mty

5. unagy
nuATsTuEIunsthiauensinvifefumssnmnanutuasasafonsdstavesduledouns
madumosiplulszmelneseningd wa. 2564 Taefidulsvonuuunarlian WEAPONS uduiaiesile
Anszsinmsdhsaiuuuusalusi@ Tne WEAPONS agvimiifimauagsaussmpuesiwe HTTP uag HTTPS
vosduludiidesnnaaey wieufuteyaiiAsadesiunalnauiunsasafefiAeadesiunmadisiaiu
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18w HSTS masananf iudu ndussuvaginsiieneiuaraensnuligldnsaaousdoly

Tumsusuidiu {33618 WEAPONS tilensaaaeuriuledluiuledsunmsosulavvesussmelne o
Fenusnssumsmdumedideiiddyuarliuemudion mnnansitenuindulsisuiasmedumesiie
W 8 wiiinsaedeu finsUSUld HTTPS wazusnnsvessuimsmedumedidn 6 Tu 8 ws finnsteduldnng
Wousteiidhswalnewaue HSTS waz e Gl HSTS preload wonaniiniessionnandaanse
Funuiudmsdulngdsnsiimasarani HTTP filiaonde wassanusonsanunisnsen HSTS iaanans
withielnsanwdulusgsasnsouasdostunansenuitensasiiniy ﬁ%ﬁalé’ﬁmumw%aamﬁ 1y
13iesddu (Guans A — H) dieldunudessesumsuazu3ng T,maam'ﬁaamﬁaQ%i]“&ﬁasuaiwazLﬁsm
warHan1ITemLTo9TweswInsHAT USSR INaN)

Qﬁﬁﬂﬂwmwifqdwwaﬁwéﬁa%ﬁqmﬂ WEAPONS agilusgleatianngnusutiniauilunisnsiageunisusu
T sdswaiu T,mEJa']mia‘zhaaﬂiama%’ﬂmmaﬁa;ﬂaLLazmﬂf«mﬁqumiﬂm session l¢ {3delasng
WEAPONS 11 open-source fufislvannsasiufuiansoluld wasldinauogaidsasieginislin

154 https://github.com/ssivakorn/weapons
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