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(VOCs) Emission from Municipal Solid Waste of an Open Dumpsite Disposal

in Khlong Luang District, Pathum Thani Province
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Abstract

The research aimed to investigate the concentration of volatile organic compounds (VOCs) emission
from the municipal solid waste of an open dumpsite disposal in Khlong Luang district, Pathum Thani
province. The BTEXs concentration was used to assess the health risk of inhalation exposure. Using a Static
Flux Chamber, measurement was carried out using Gas Chromatography-Mass Spectrometry (GC-MS) and
Gas Chromatography-Flame lonization Detector (GC-FID). The results of 83 VOCs were classified by
compound structure into 5 groups: Alkanes, Alkenes, Alkynes, Aromatic Hydrocarbons, and Halogenated
Hydrocarbons. The highest average concentration of VOCs in the top 5 as follows: Toluene, Carbon
tetrachloride (CCl,), n-Nonane, Trichloroethylene (TCE) and Isoprene (1376.23+1219.09, 1248.40+825.41,
1229.72+424.29, 1144.63+913.63 and 1135.22+449.81 pg/m? respectively). The concentration of BTEXs in
each sampling site was a difference found (Statistical significance level of 0.05). In addition, the risk
assessment of inhalation exposure to BTEXs has been identified. in males was 3.74x10” and in females was
4.53x10” but non-carcinogenic risk was not found except Benzene was found to be higher than the criteria
standard value. Therefore, there should be appropriate prevention and surveillance guidelines to manage

municipal solid waste safely and efficiently and achieve sustainability.

Keywords: Volatile organic compounds, Municipal solid waste, Open dumpsite disposal, Health risk
assessment
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wainuategUiuvegtlsiniy Tunouuazitnssiiunsiinuezuuumnes dsmansenurilidwndeuin
arundenlvsufuundsazandolsn orafinmstuiiougundsiinfuasuvaninliiu nutaianisUanides
uRadusumseuazufanannsaszvedeluusssiniaund [2]

ansdunidszmedne (Volatile Organic Compounds: VOCs) lawn @158un3gnquueanased Alau

wesuatiu asUsyneulalasaiveu arsuszneunguentanu asUssneveslswind warvansuszneudine Julu
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wiafifntuldannnseuiunsmesssuvfvasiinnfanssuvesyed awnsassmglanemeldannvanmgiuas

v
a =

ANUAUUTTIINIAUNR LFAFIUNLI5088Y 1-2 VBILAFTINUATILAAYUINNNTEUIUNITANIAVELWUUMNDY 317

[

Hagmnsiinvszyaresilaignisififsuniy feluumdstidnddyues VOCs Ao shlmAnuafivniseiniei
$ovay 33 Sumnannsmnesuesitlifimanuauiigndesrmmdnanivia wasnisinueznanauds wenaniiile
VOCs Lﬁmmiﬂamﬂa'aﬂLLazﬂutﬁﬁamwauaaaaeﬂu%’umimmﬁ o1aduanmmanly mainujiselnlaniinea
(Photochemical Reaction) Tun1sdunguvsesiusiiuesnlusveslulasiau (NO,) anunsaiaduazestaseyfonl
(Secondary Organic Aerosol: SOA) uazleleufisedulndfiniu Fudusunmenardmanssnuieguaimiteyia
Woundu Wy seaefiewomtwazssuumadumel dwasennuiinunfvesgesluy winlasuluduamin

waziuniaasguinuadusseznanny aunsedwansevusegunneiiaGesineliiinauiinUnflussuy

v
a [ B A v v

#1199 uaziinanufinUnAvesansiugnssy Falunaunnansvinlineuzsdnididmanenisiinuesadnsioe

H o ' < A

[3-5] eglsimunguansduvsdssinediefidmanenisiiauzisiidAynguvila fe a1sdunidszmedrangudve

o

Fednduetredslumsussifiunnudsssogunwuesiuduia
mnﬂzym%’wéfu;33%'1’8Lﬁuﬁqm’mﬁﬁﬁ’ayuan{]agmuaﬁwmﬂmﬁmmﬂagzﬂaﬂaaﬁmﬁ)ddﬁlﬁmmiﬂulﬁau
VOCs Tuussennia FeilinguszasdiilednuUiinamsduridssimeinsannssuiunsiansvszyales gy uas
Uszifiuanuid sanisdududaansdma ldun wudu Ingdu tefiavudu ledy uazalaiu wiuidunis
nsfududaiiunanela Seitelddadeniuitminnusd Wesmnussautiygmuieatumstansuezyares
wardgnaulifislszasdvasads [6] SnitaUszrmulufiuiidarutnaietuguamuesdanadon Faduluogs
ddunmsAnuiiieifudeyaiiuguussnounisiadulauasfiduuleuts unudonagns Tunsvmuumateatuiio
anmsiindgmuafiudiueinia annszuIunsiansvezyalosyuy Weliaunsadanisvezyanesyuyuld
ogailszAvBnn iAnAudadu LLasammaﬂswwiaqsumwﬁawLﬁﬂﬂﬁuﬁmumu‘luﬁuﬁLLasﬂisﬁmuﬁmﬁsﬂna”ﬁu

USnalneseufiuimnosvey

A5aliunns3e
A Aeg
NUNANE

v
v v v

= g & 19 P :4' ! ° '
ﬂqiﬂﬂwqﬂiﬁuHQLuuiﬂW A15M52388U VOCs NUanuassui1annnssulunIsNIInYes uq&qu

¥ A
ad A o

Fuvssenna luuinuanuiimdavezuuumnesnasuds sSunenaesviats Sminunusil SufivemeUszan
220 13 %30 0.352 m519flauns aauiifdnvezyadestagiuiudidaverain 10 eadnsuImsdrusiedu
Tudawiaunusnil ViinawezyanesiadeTuay 500-1000 fusiotu aunsasessutiinavezyalesludminuyusi
waziufilndidsannindosay 70 TnegaLiudiee13 (Sampling Point: ) uussamdu 5 uSia leun

51-55 afusunuuinaiuiinnosmssnanudaimmn ﬁfﬁ”ﬂLLamﬁnmwﬁuﬁﬁ;mLﬁué]’aaémmmﬁqmwﬁ 1

Uinatdeuiimneses (51) it N 14.141222°, E 100.673740°
Vs urituiivmneses (52) ifa N 14.140671°, E 100.674663°
Uivnuisnansivuiivnesse (53) fifa N 14.140483°, E 100.673858°

U“inmﬁwwﬁﬁuﬁmnawas (S4) i@ N 14.141222°, E 100.673740°

. VS ituitmnees (S5) fifa N 14.140483°, E 100.674448°

Andl 1 fidauezusnagaufmeg9e1nadInsu VOCs (S1-55) USnaIiufinnesusznalands
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Asadunis

tw A

1. nudegnenialagldaunsalnseutandndusuvesyiafinagiuf (Static Flux Chamber) f3n1wnil 2

kYl

Feleuldiusgraunsnarglunisuseiiunisassarsuaivgduusserniaanuuasiilaluiiun 1Windns

aNa

nsUanddesufafiiufivesnesesifuarlififunavegy lunuideilfesnuuundndusuesifudiaegsans
uaﬁwﬁﬂa'aaﬂa'asé%uUSiawmﬁﬁwquﬁuﬁaaéwmmﬂ (Sampling Bag) ¥1a1ndanviiainaans (Tedlar) M
yos0rnaindnda-Un sefuiudmiugafiognseinia Wunafufegmuisvesdtnnulndesduanden
YaIUsEINAAN3TaLNENT (United States Environmental Protection Agency: US EPA) Method 0040 [7] @unsals

Tunmsfusegenmelsvanewin Wethddliwseimeaniosdiotugdluwiosfifnmsmeld

(G)

(A) Stainless Steel Anchor

(B) Plexiglass Cover

(C) Polyethylene Tube

(D) Port for Gas Sampling

(E) Port for Inlet Gas (Air Zero)

(F) Port for Ventilation

(G) Port for Temperature and Humanity

(H) Tedlar Sampling Bag

() Personal Pump

(J) Anemometer

(K) Septum

(L) Open dump Surface

U I3 g '

A 2 gunsalaseuinndnd (Flux Chamber) wazgunsaldmsuiiudiagia VOCs
[9]

o

AnUUAIIIN Chiemchaisri et al. [8] wagfdiug yaum

allo,

n3LAUiieg1s VOCs Wunsiiudiednsuuuasensia (Spot Sampling) natlunsiiudeegsnssas 2

F7lu9 92875 Surface Emission Isolation Fluxes Chamber sanini 3 10u3sildlunisnsiada VOCs Nszwme

'
a | =

panuNLMasALaLUUBgUN TngasUaranludrunnsivruiafniueu anntulasylmiaainiuiveausiu

q

v 6 = o '

winesvezazaun1slugunsalasauiandnd wazfsdegsorniamietuiudlegiseinie lnednannisfe
Tigunsalynnseuindousouusnanuidneffeanisiiidudiuuvesiuiiunasinldauafie viniseuaudns

nslvia Taensifsuiaazain (Air Zero) Mllussdunaziinnuuiansgadnluluyanseu welvAnnisnauiuniegly

v
v &

wirdsszugeaneesieieull ndinduiadimunszgnlai elviufaazaneglugunsaiaseuiangnd

o
o

AANuTuveianaiuild aginldintemassuiefimunzay fieg19YaeaauLUUNENGuINLURS Anda
Jugganiadediiugaiudiegeeinia vue 10 dns viimsiiudaege VOCs Tnedugaainiaisnsinisiva

150 fadanseaun? e uluuS i ui wnowsznatawsa lurianafedny lawn 07.00-09.00 . wag

a

12.00-14.00 w. saivindadensegieniven liun n1slnaveseinia anuisian aamgll Anuy wazausuly

a o

us38N1e Aaggunsalinentaytadaf ety 8ve Kimo 31 AMI 310 Multifunction Instrument Measures

(UszinealSaag) annduiumegiemeaastutaniivues edesiusmegneneinufisentuuamazanuiou
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AT 3 NsLAUFBE1e VOCs #1835 Surface Emission Isolation Fluxes Chamber

2. regseniadslSaosufiRinns Aiasgsinnglu 48 $2lua f1e Gas Chromatography-Mass
Spectrometry (GC-MS) 8@ Shimadzu 1 GEMS-QP2020 (Uszmaditu) ulvainnsiiasigyikuy Scan Mode Tng
denldnsiaseimemadiansiauiaseuszq (m/z) vesdegnenia Suluans Unknown TnewSeuifisuniny
wilouuazauAdIBAas (Match and Similarity) a1sfivinmsiinseiduadnmsuiifeglugiudeyaves National
Institute of Standards and Technology (NIST) ’mﬂﬁgﬁmi’wﬁﬁmm VOCs §18 Gas Chromatography-Flame
lonization Detector (GC-FID) §%a Chromatotec U A24022 (Usginandaiea) 1 oTiAT1e9ans VOCs 42
M5t IEdAns U (C2-C6) wazaAnsuaugs (C6-C12) mamaiianisuandidulossuvesdadlil (Flame
lonization Detector 3o FID) 3adurdesdiefimnuaniziannzas lunmsnsainuiunu voCs ffiviunasilsiogs
Undefiouazuiiugl mummspunInTIninasdurdssvedigluusseiniaues US EPA

3. Uspiliunsuduita (Exposure Assessment) unsUseifiumnuidssiequainainnissudusia VOCs
Tuvssenia lnenuddeildsumsiusemnanenssunisiarsanaiessailuiyed wninedeaiuniunsilsm
(MneLaviuses SWUEC/G-439/2565X)

1) m3dmnainamsivildnnnsmelavesuyudiivszneuendwieendeeglndiuuinm

ADTUNNIAVILLUUNNDINATIHD WARINISATWIMBRTINTSUFUNE VOCs tun1sinela [10] seaunis (1)

CxIRxET xEF xED
=
inhalation BW X AT

o CDl pposion AR USHnauansnilasuduna (lulasnsu/Alansu/iu)

C Ao Anudutuvesansluussenia @adndu/gnuiaiiuns)

IR fin onsIN1IMelaTEineinAanNTILA 9 (Qﬂmﬁﬁmm/%’ﬂm)
ET fio sroznandilasududa @luesu)

EF fio audlunsududa (uwA)

ED Ae szeznainssududa @)

BW fio thutndumevestiuduiaans Rlansw)

AT fio sveznaaisveInssuduiaans ()

2) msUszfiunsfududauaznisneuaueresaslunguivudy eseinansnguilad

1Y

N5t ldludinuszdniuegraunsuate waganunsaunsnsyawegluusnuiunlnduwasiuie vduwalssnu

9PaMNIIN waryusl Inefiansananudesiianunsane iiiauzids (Cancer Risk) FsasAansidelsauzisaununi
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(International Agency for Research on Cancer: IARC) Budiuinansnauiuudu WuasnousSslunyudnguil 1A fe

findngnibududanu nsnenssdunyyduasdninaass MuiuaNdsN1Ainus wansdsauns (2)

R = CDI x SF 2
1o R fe AULEsIAINTanBlAARLEISS (Cancer Risk)
Dl fie Aududuvesansluusseiniea @adnsu/gnuiAniiums)
SF #io Slope Factor d@usutuuduilan 0.055 Hadnsu/Alansu/ )

ANUA19198991n US EPA [11]

3) n1sUszluanudesansuaiuiilinelfiinuzise (Non-cancer Risk) lawn wwudu ngdu
wiawudy lvdu wazalasu wansisanvidanneliminugise I US EPA wuzilildnsidSeuifisuduusunu
£1489 (Reference Concentration: RC) 3nAdRaILAMULEsS (Hazard Quotient: HQ) WuAuseanailaainnissu

[

udaansuafiwlunn 9 u vesnguiiedns lngldnelifnnudsduiouziss [11-13] uwansdsaunis (3)

Q = (3)
e
dlo HQ  fe AndndwanuidesiilineliAnueise
CDI fie USuau VOCs hgsneniesiunismela (@adinsu/gnuieiians/u)

RC  fe Anunasgiuivun @adniu/gnuiediuns/iu)
NsesUIEANYAEANNERY HA1sINAERd AR UA FBN T UdURE [12] @1unse
WUl 4 szau Al

=% 1Y

HQ < 0.1 mnge lidsunsne
01<HQ<1.0 wneia dunmeegluseaum
1.0<HQ <10 wwneghs Tdunsweglusyiuliunas

HQ > 10 mneds ddunsivegluseduge

4. AipsgidoyalSuauasilasududa Aanudssfiaunsaneliifauass wavArdadiunnuded
LineliAnuziSaiisuiunasininsgiuvesesinseunsislan Snvslinisimszideyanivaifselusunsy SPSS
Ine3LAT12AURANANALRAELAZE T LUUNIATFIUAUTLTUYEY VOCs wrazydauazluisazadiunien

\Auseg138aE One-way ANOVA, Post Hoc Multiple Comparison-LSD fiszsuanuidesiufesas 95 (p<0.05)
NANNSITY

= = a a o o X 4 v
fUN 1 ﬂ']iﬂﬂt‘ﬂﬂﬂqwE]I9!‘1«!831"J‘VlEI'TVI']‘LUUiL?mWHVILWﬂEN‘UEISﬂﬁqQLW\?

A3delaiiudoyanisandeninen liun gaumgll Anusau ATy wazaunAoInIA Tuusuiiug
WNDIVEYNANLA 5 Usa (51-S5) Tudhasieungainieu 2565 fudeuunsiau 2566 Tnsudsnisinudediadu 2
929 1¢url 929141 (07.00-09.00 1) wazd19U1e (12.00-14.00 u.) tiudiee1381 3 afs Tamsiedu 30 Faeg
nannsAnwmuinlugiats foamgiusseiniaeds 30.70+0.33 sarwailea gungilugunsaiasoundnd
1 A

fAedy 35.30+0.32 a9Fwaldied ANUSIaNTlALREY 2.42+0.34 WASHDIUIN FINUIIAUEIAUADUTIIAITILAE

flawianaennatseniteniaiuiiegns aAnuduluusseinadesas 73.60 % uazarunneINAlLRANUAI0E193
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5 fiuvida fawinfdufie 1005 daduns uazdisuig 91nnsesaaianueumgiilunniagandntugied lnedAnade
41.16+1.77 asrwaildoa gaugilugunsninseunandiaade 50.90£0.49 sarmgadua Ausiauiia1ade
0.90+0.38 wA3/3WNdl Fenuinausiaudn enads Anutuluvsseiniasesas 36.80 LaTAUNABINIA

fiAads 1008.20+0.44 faduns

Aaudl 2 NsAnwIYlaLarUSHNURENTBUNIIsTmedeTuuTTaNNA

Hansinw VOCs Tuusnaiiufivnesweznalawdany 5 usha uunnguaulasiadeendu 5 ngu
laun woalAu (Alkanes) waadu (Alkenes) woalau (Alkynes) aglsunfin lalasarsueu (Aromatic Hydrocarbons)
uazenladiumen lelasansueu (Halogenated Hydrocarbons) lpedndiuanududunisinulutiadrandy

Soway 19, 15, 0, 23 way 43 MUAFU wazdrauneAndudesas 18, 13, 0, 23 WAy 47 MUAIRU WAAIFINING 4

919181 (07.00-09.00 u.) 429U18 (12.00-14.00 11.)

[l Alkanes
[l Alkenes
B Alkynes
[0 Aromatic Hydrocarbons

W Halogenated Hydrocarbons

A9 4 dadruanududuadeves VOCs 5 ngu laud woaiau (Alkanes) waafu (Alkenes) woalatl (Alkynes)
pzlsunfn lalasAnsueu (Aromatic Hydrocarbons) wazanladiuman lelasa1suey (Halogenated Hydrocarbons)

Mgauazyeuie Tuusuuan uimInveshuuNoINAINKAY 81NoRaRIMAN Faninuyusiil

wansAnwIALITuLRAEYes VOCs uiaguila angaLfusiedns 5 uina (51-55) Tnglinsifuiioeis
Auansneiy 2 929981 Ae 20141 (07.00-09.00 1) wazaIsune (12.00-14.00 u.) Faandeyadilinuin Uinage
Wdudhegeis 5 Usha Smnududurecans VoCs uazaiialuraadnldunnsetuednsiivodifymeadinsesu
0.05 (p<0.05) WuiRsatuiuamnududuvesans VOCs udazefinluraeuielidunnsiefuegiedfod Ay sada
586U 0.05 (p<0.05) Faugifedemenuiudmarududuedssnui 5 Bnugafuioga Weibusunuie
289615 VOCs Mintuanuinaaauiimimvezuuumnesnaneuds wansianmd 5

dofiasanAinnududuidsves VOCs 1 83 wiln lnaifiusiedsiiuandeiu 2 920a7 fie 119
iusegnsluraadn (07.00-09.00 1) wagtisute (12.00-14.00 1) nM150TIaTanUTd VOCs vesilaiingialal
WU laun 3-lwfialeunu (3-Me-heptane), lou-sannu (n-Octane), lu-aALAU (n-Decane), 1,1,2-lnspaslsdinu

(1,1,2-Tricl-ethane) wag 1,2-lalustudinu (1,2-Dibromoethane)



o

'
@ A

ﬂd

©
©
te}
I3\
-3
[cn
c
s
=
=]
|
2
G
c
el
(S5
[
r
[
N
=
—
-
e
o
=

15

Aa

a

a

PURLURRUNIZLNDTA

o

Tu.

1908, e

SUUUNNBINATNUTS (51-55)

o a
NN1InUY

4 5 90 nda1UY

¥
(4

a

o

e
ARZYUA RAYTIUNNUILIUNUAIDYY

a

VOCs u#

anududuvas

& e

—a—FRDAYNIUY

(12.00-14.00 1.)

—e—UUY

(07.00-09.00 1.)

w

==Y

|

Alkynes

v
@
c
a
=1
<
wl
J]
c
o
=1
<
r T
=3 =} o =]
S S S =]
o wn o w
3% — =

2500

(¢W/B71) marenartLey

auaA1ay
auauiy-4
susuIg-0
SUSX3H-T
auayuad-1-aN-z
suaudos)
SUSUBG-Z-SID
ENEMICERY
SUSUS4-Z-suril
auslpeIng-¢'1
susIng-z-sio
susng-z-suel}
auadoud

au2)Ayig
auedapog-u
Sued3pUN-U
auedaQ-u
SUBUON-U
3urQO-U
sueydsy-s\-¢
sueyday-s-z
sueuad-aw | -4'¢'z
auexayoaio-ap
sueydsp-u
auejuad-aw |-4'7'Z
SUBX3Y-3N\-¢
GO9WZ+G2RWIQ-CZ
auexayopid
auejuad-saWIg-p'Z
SUBX3H-U
auejuad-a-¢
aurjuad-a-z
aueINg-swIg-¢'zZ
aueuado)dAs-apy
3URING-BWI-Z'Z
aupUa4-U
aurlUSd-1
auejuadodAy
sueng-u
sueng-1
auedolyg
sueyy

wiede (VOCs)

d@sdunadsy

v

TUUUNNBINAT9KY (51-S5)

Y

0 AMNFAUANIIRVY

(12.00-14.00 u.)

e 5

ar

a

'

ARLYUA mﬁﬂﬂuﬂnusmmmumama
(07.00-09.00 u.)

a

VOCs uéi

Py

AuLduduTas

& w

»
—o—REDAYINIU

—e—29U7

W

==L

Halogenated Hydrocarbons

Aromatic Hydrocarbons

2500

2000

(cU/B7T) PULIERATELEL

uaIpeINg-¢*1-12xaH
2UZUS-1I-pZ'T
aUSZUSG-12I0-2'T
aUSZUSG-2I-b'T
2aUlZUaG-2I0-¢'T
auUaZU2qoIo|YD
2uUaYIR0IO|YDRLS |
aueylPowoIqIg-z'T
SURYIS-1DUL-ZT'T
uadoud-pig-¢‘1-2
uadoud-DIg-¢°1-}
2UDYIB0IOYDU |
suedoud-1210-2°1
192
PURYIS-12UL-T'T'T
auUeY130I01YDIa-Z'T
uLojoloyd
SU3Ys-2I0-'T-2
SUBYIS0I01Y2Ig-T T
€11-uoal4
aueY13WolIoY2Ig
11-U032.4

SPUOIY2 JAUIA
BAUBYIBWOIOND
Z1-Uoai4

auszuaq Ayjaig-d
auazuaq JAyiaIg-w
qQuii-¢ZT
qQuil-b'ZT

2UaN |0} JAY13-0
quil-6'¢’T
2uan|oy JAy13-d
2U2N10} JAY13-w
auazuaq YAdoid-u
auszusq Adoid-

- SUs)Ax-0

FEIVEINSIS
LSaudAx-diguw
LAUSZUq1AY13
LIuUsN|o|
LouazZUag

wiade (VOCs)

@19unids
()

11 (07.00-09.00 u.)

v

YN

(51-55) Tu

LY

%L’Jm%ﬂLﬁUGl’JE]EJN

VOCs vinu

¥

5 AU ULRAE IV

=]
AINN

q

q

LRADAYIVIU ANFNIUNANTAVLLUUNNDINAIIAY BUNDAADINAN TN In

a
V511l

U

Auvasashun

@

o

£%

o

o

o

(12.00-14.00 U.) ua

439U18

au

q

WUTULR

<

Alkanes Alkenes wag Alkynes (9) 1umn3

qu

duvasanshun

WUTULR

(n) Wupu

Aromatic Hydrocarbons &g Halogenated Hydrocarbons



16

2508, inaln. WLAHLRENNITINYIE

4 9 atiuf 2 NINAAY — TUINAN 2566

WLAYYDIANS VOCs FRAREINUTENINY I azy1aue datnanatsnusazlduansisiusgiediy

1Y

NsEau

] I a a a6 ] o a 2 o 1 a A o
A9 1 ANUVUVULRAYFIUANTDUNITYILLNYINENY 83 YUA AMNYALNUAIBY 5 UskInd (S1-S5) Iuaﬂqu‘mﬂqiﬂﬂ

YLLUUNNBINA1E Jrinuvustl uundu ¥aadn (07.00-09.00 w.) ¥33U18 (12.00-14.00 W.) Uazmasavial

WS uiiguAIANUULIULRAEYR9ENS VOCs 19 83 FA SENINYINT ALY IUY NUINAULNTY

0.05 (p<0.05) UARIAIN1197 1

S

v

@

yANAYN9ADf

o

v
Y

anudutuade X + SD (ug/m?)

A10U VOCs — — — Sig. wlama
YAV YUY NAANIIU
Alkanes

1 Ethane 0.69+0.27 5.12+2.95 2.90+1.17 0.000 WANENSAY
2 Propane 14.64+8.33 64.31+7.37 39.48+10.79 0.022 WANANSAY
3 i-Butane 0.02+0.07 0.12+0.11 0.07+0.10 0.010 WANANSA
4 n-Butane 1.18+0.73 1.24+0.17 1.21+0.07 0.939 ladumnsneiu
5 Cyclopentane 0.13+0.04 0.21+0.08 0.17+0.06 0.728  ladunnsneiu
6 i-Pentane 2.03+0.44 11.47+7.17 6.75+4.12 0.000  wAAF9AY
7 n-Pentane 2.68+0.89 19.69+4.30 11.18+7.33 0.000  wAAFNAY
8 2,2-Dime-butane 0.90+0.86 12.26+9.26 6.58+5.74 0.000 WANANSA
9 Me-cyclopentane 1.01+0.87 14.21+8.99 7.61+5.26 0.000 WANENSAY
10 2,3-Dime-butane 0.23+0.78 8.25+7.11 4.24+3.43 0.000  wAAFNAY
11 2-Me-pentane 0.04+0.12 4.06+4.70 2.05+2.85 0.003  wANF9AY
12 3-Me-pentane 0.62+0.16 12.60+9.49 6.61+5.02 0.000  upAENUY
13 n-Hexane 50.48+7.67 53.08+20.24 51.78+27.72 0.929  liumnsneiu
14 2,4-Dime-pentane 0.18+0.43 280.86+68.03 140.52+64.64 0.000  wpNFNAY
15 Cyclohexane 43.82+7.56 162.00+42.72 102.91+26.44 0.008  uAAF9AUY
16 2,3-Dimec5+2mec6 24.77+6.74 107.56+95.24 66.16+20.76 0.010 WANANSAL
17 3-Me-hexane 1.11+0.31 475.42+30.58 238.27+34.31 0.000  upAENUY
18 2,2,4-Tme-pentane 12.38+18.84 0.14+0.54 6.26+3.58 0233 luumnsnariu
19 n-Heptane 183.01+130.67 1010.78+75.29 596.90+576.17 0.000 WANANSA
20 Me-cyclohexane 32.35+25.28 231.97+64.61 132.16+127.34 0.013  upAseAY
21 2,3,4-Tme-pentane 5.43+3.92 ND 2.72+2.76 0.000  weNsineriu
22 2-Me-heptane ND 502.72+64.05 251.36+159.35 0.000 WANF9AY
23 3-Me-heptane ND ND ND - -
24 n-Octane ND ND ND - -
25 n-Nonane 779.81+92.04 1679.63+114.63 1229.72+424.29 0.026  upnE1NAUY
26 n-Decane ND ND ND - -
27 n-Undecane 334.24+306.43 521.42+502.75 427.83+405.42 0.268 launnmneiu
28 n-Dodecane 45.68+36.82 397.21+293.87 221.44+204.24 0.000  upnENUY

SATAY 1537.43+650.27 5576.33+1434.25 3556.88+2122.96 - -

Alkenes

29 Ethylene 31.15423.92 155.7+15.84 93.43+61.63 0.001 WANENSAL
30 Propene 0.01+0.02 0.35+0.77 0.18+0.57 0.099 ladunnsneiu
31 trans-2-Butene 0.01+0.03 0.14+0.14 0.01+0.02 0.138  launnmneiu
32 cis-2-Butene 0.110.01 0.47+0.58 0.29+0.47 0.030  wAAF9AUY
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anududuaie X + SD (ug/m?)

a1y VOCs —— — o Sig. wlana
YNV YINUY NADANIIUY
33 1,3-Butadiene 1.98+0.46 74.74+6.05 38.36+35.95 0.000  wAAFNAY
34 trans-2-Pentene 0.10+0.21 0.88+0.77 0.49+0.68 0.001 WANFAAY
35 1-Pentene 0.21+0.01 3.36+4.93 1.78+3.78 0.020  uAAF9AUY
36 cis-2-Pentene 0.53+0.16 0.29+0.13 0.41+0.13 0579  ladumnsneiu
37 Isoprene 983.29+396.81 1287.15+331.78 1135.22+449.81 0479  liumnsneiu
38 2-Me-1-pentene 170.24+42.31 1130.22+123.85 650.23+464.44 0.004  upAF9AY
39 1-Hexene 11.79+0.62 ND 5.89+4.26 0.000  wAAFNAY
40 Ol-Pinene 415.41+55.26 1645.75+77.45 1030.58+669.11 0.006  wANFNAY
41 [-Pinene 346.98+85.94 901.36+39.44 624.17+304.48 0.016  uaAF9AY
saTedu 1961.81+605.76 5200.41+601.73 3581.04+1995.33 - -
Alkynes
42 Acetylene 1.18+1.17 25.01+0.53 13.11+12.66 0.002  uwAAFNAY
Aromatic Hydrocarbons
43 Benzene* 69.67+48.69 406.83+28.08 238.25+175.31 0.000 WANANSA
44 Toluene* 490.69+29.67 2261.77+318.82 1376.23+1219.09 0.000  wAAFNAUY
45 Ethylbenzene* 66.45+5.49 322.93+59.76 194.69+189.65 0.013  upnFNAY
a6 m&p-Xylenes* 400.90+6.75 652.12+19.88 526.51+98.49 0.020  uAAF9AUY
47 Styrene* 11.33+2.07 274.41+3.15 142.87+131.28 0.000  wAAFNAUY
48 o-Xylene* 25.31+6.12 78.87+58.70 52.09+2.66 0.016  umAF9AY
49 i-Propyl benzene 23.47+25.41 93.30+85.82 58.38+71.61 0.005  uaAF9AY
50 n-Propyl benzene 14.85+5.05 80.07+7.78 47.46+71.57 0.010 WANFI9AY
51 m-Ethyl toluene 29.14+5.42 79.47+9.88 54.30+46.85 0.020  wenseu
52 p-Ethyl toluene 31.51+9.95 376.38+61.65 203.95+204.98 0.000  wAAF9AUY
53 1,3,5-Tmb 32.01+33.22 282.95+212.42 157.48+96.47 0.000 WANANSAL
54 o-Ethyl toluene 31.92+50.32 159.46+133.77 95.69+18.61 0.002  uAAF9AY
55 1,2,4-Tmb 16.34+30.86 134.38+147.63 75.36+20.77 0.005  uaAF9AUY
56 1,2,3-Tmb 39.57+38.35 206.02+154.09 122.79+139.06 0.000 WANANSA
57 m-Diethyl benzene 5.86+0.94 44.96+0.89 25.41+18.74 0.005  uaAsN9Y
58 p-Diethyl benzene 46.14+38.93 73.02+49.23 59.58+45.70 0.108 lslumnsnediu
sauTiedu 1335.16+337.24  5526.94=1351.55  3431.04+2550.84 - -
Halogenated Hydrocarbons
59 Freon-12 0.82+0.77 ND 0.91+4.79 0.306 lauansneiu
60 Chloromethane 0.07+0.17 0.01+0.02 0.10+0.16 0.202  liumnsneiu
61 Vinyl chloride 0.09+0.25 1.21+0.86 0.65+0.84 0.200 lslumnsneiu
62 Freon-11 3.80+8.95 0.14+0.56 1.9746.50 0.126  ladunnsneiu
63 Dichloromethane 0.87+1.81 ND 0.43+1.33 0278 liumnsneiu
64 Freon-113 651.70+549.05 1156.86+108.19 904.28+151.95 0.002  uAAF9AUY
65 1,1-Dichloroethane 12.67+4.18 ND 6.33+5.33 0.000  wANFNAY
66 c-1,2-Dicl-ethene 126.73+3.31 ND 63.36+58.97 0.000  umAFN9AY
67 Chloroform 69.81+30.38 24.83+8.05 47.32+19.75 0312 ladumnsnediu
68 1,2-Dichloroethane 44.69+4.99 825.31+81.77 435.00+419.83 0.002  upNFNAY
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anududuaie X + SD (ug/m?)

a1y VOCs —— — o Sig. wlana
YNV YINUY NADANIIUY
69 1,1,1-Tricl-ethane 177.27+33.02 1188.76+174.47 683.02+632.33 0.002  uwAAFNAY
70 cdl, 267.32+59.80 2229.49+40.10 1248.40+825.41 0.000 WANFAAY
71 1,2-Dicl-propane 86.97+53.25 206.76+85.77 146.87+108.07 0.064  liumnsneiu
72 Trichloroethene 499.31+77.16 1789.95+1059.07 1144.63+913.63 0.001 WANFI9AY
73 t-1,3-Dicl-propen ND 424.32+68.22 212.16+194.69 0.000  wANFNAY
74 c-1,3-Dicl-propen 8.41+1.76 167.55+170.64 87.98+145.23 0.001 WANFINSAY
75 1,1,2-Tricl-ethane ND ND ND - -
76 1,2-Dibromoethane ND ND ND - -
7 Tetrachloroethene 140.06+136.56 712.98+655.48 426.52+548.92 0.003 UANASAU
78 Chlorobenzene 6.90+0.07 1473.25+3.85 740.08+652.48 0.002  upAFNAY
79 1,3-Dicl-benzene 38.25+17.64 510.82+372.61 274.54+266.36 0.000  wAAF9AY
80 1,4-Dicl-benzene 10.65+6.73 258.00+179.36 134.32+107.45 0.000  wAAFNAY
81 1,2-Dicl-benzene 63.17+48.09 152.99+50.42 108.08+17.83 0.053 luunnsneiu
82 1,2,4-Tricl-benzene 61.45+6.67 343.13+31.83 202.29+96.77 0.005  waAF9AY
83 Hexcl-1,3-butadien 9.67+7.42 120.88+86.62 65.27+82.75 0.000  wAAFNAY
sautiedu 2281.68+1052.03  11587.24+3177.89 6934.51+5261.37 - -
¥83 VOCs 7117.26+2646.47  27915.93+6565.95  17516.58+11943.16 - -

ND (Not Detected): asaalinuanssisnany; * arsusenounguiive (BTEXs) dmsunisuseidiunnuidessaguain

AMSANUNUINANUTUTULRAYTINYBIENS VOCs Tugiaduazaiauie dauananesiunaslaunnaneiu
a1l dud1AYNNEd AN TZAY 0.05 (p<0.05) Fauaninisulananieadflumnisnei 1 lneviavesans VOCs
UanUaagaaninunn 3nNanIuinIsnvesuunednatndd unaunannislifnuenves AaasunIawasnanani

@

lumsthwegndululdusylend silmnensavanvesvezussianang 9 luaaiuiidnvey detduuvasiiinddey

o

P
=

193n15UanUansans VOCs Sian14 9 uona1ntuauluduves VOCs unazvindiulug duuiliuiiuiiu

P
=

Slogumpliiugetu TnedadenegnieninednasionisUantdosans VOCs iegamgiiluussenmediiugsdu
ryaroglunasuerau s fitoniuarufounaruauan siliAanisssmenasdulegiuusseinavesans
VOCs IfdeBatu Tasarududundegagaues VOCs 10 Suduusn Tutradn 1dud lolun3u (soprene) sa3asn
Ao teu-luiuy (n-Nonane) 13oau-113 (Freon-113) lnsaaslsiefidu (Trichloroethene) ngdu (Toluene) waann
widu (O-Pinene) watkazw151-198u (m&p-Xylenes) Garlnwidu (B-Pinene) tou-sutnniau
(n-Undecane) uagmisusulnnszaanlsn (CCl,) (983.29+396.81, 779.81+92.04, 651.70+549.05, 499.31+77.16,
490.69+29.67, 415.41+55.26, 400.90+6.75, 346.98+85.94, 334.24+306.43 Lay 267.32+59.80 lulasniune
ANUIAAIAT MNE1AU) wazdaune loun ngdu msueuwmaszaaslsn lnseaslsieiau teu-Tuiwu wearlinily
Aaglsuudu (Chlorobenzene) lelaniu 1,1,1-lnsaaslsdinu (1,1,1-Tricl-ethane) W3oow-113 uay 2-lufia-1-
LNULNUY (2-me-1-Pentene) (2261.77+318.82, 2229.49+40.10, 1789.95+1059.07, 1679.63+114.63,
1645.75+77.45, 1473.25£3.85, 1287.15+331.78, 1188.76+174.47, 1156.86+108.19 uag 1130.22+123.85
lulasn3usiegnuinriuns suandiu) Feans VOCs H1edu Taududuedslurisiiemnnindiadmnvia Sauans
Tt dasemsgaiesinelufuresoumgififiugeiu anmnsodwmaromstanUdesans VOCs dulvalld
uananiarudutuadsnasaiatu 5 Suduusn inmataldanuinamnesusznarouds (51-55)

a o v v Y dy a s (3 aa a
Sesdrduanuniudes laasd Ingdu asueuwanszaaslsd teu-luuu lasaaslsiendu wazlolaniu
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(1376.23+1219.09, 1248.40+825.41, 1229.72+424.29, 1144.63+913.63 Lay 1135.22+449.81 lulasniuse

anNuIAAUAT AUERU)

o
(g v o

Snvianuanududuvesarsnquimalundazusnaiiuiediwnaiia danuuandisiued1sddeddy
meadiAnszau 0.05 Tnedanududuadeveslngduniniian sesawnae wnkazn1s-ledu luudu fialuudy

dlasu posle-lwdu muddu Usunamesansuiazaiinfiuanansiuegrsddeddgydu Wunamnainesdusznouves

a

vezyalogluunauiudegiiiluwrananUaesans VOCs Inenuvezdunsd watafin o1a wils uaznszdosldd
IUIUNN 59L‘fJuLma'aﬁ']Lﬁm?fﬁﬂﬁmmaﬂmﬂwaﬁuuaﬂ%ﬁu F9NMANTIINUANTUTULIN @IUAITLUUTU LAy
iauudy finuanududulesnit dWewinasmaridnlnanulumsidalinnsssumauaznismlndves
wieseufiludilng Feoavudeunntuvesldios Somldmuanududuvesasuuiunaziofiawudutiosndn
a1slngdu Wwuierdvansalauinuanudududes Wesanansaleduldiduingfuvdnlugnamnssutinsiad
wazwuluvszusnasliih wargunsaididnnsedng \Wuvezyarosfinudnutiosnnluinaiuseis
NsLUIsUBUTEINeANINASEIU VOCs AuAadefingaanu VOCs Tuusssinimannuinuaniuiiiida
YLUUULNNDINAI9UTS TerlalAudmnsgiu VOCs Tuusseinelunat 1 9 wag 24 Falus [14] sniiu lwudu
1,2-lapaelsdmu lnsaaslsienidu 1,2-laraelsingnu wassaaslsieniau way 1,3-Tmladu nuaniuuinsgiu
fvun adeanasmsmunuuaznstesiu ielilliasuafivisnanarauluusseiniasudssanszvusoguain

FelaUSeuiieuseninaunsgIuiuAImuRdwRaEfngIany VOCs Tuussennie wandfinignan 2

A1319% 2 Wi UigUsENINNANRsTINi AN TURAEAInsIaNy VOCs Tuussennia

. - ANUINTFIUYDIETT VOCs (ug /m>) AuadeiingIany ulawna
adiv ¥finvas VOCs . .
Tuan 13 @ Twran 24 99lug @ X % SD (pg/m?) (Turaan 24 47lug)
1 wudy Tafiu 1.7 Laiviu 7.6 238.25+175.31 AiuANInIgIu
2 12-lpraslsBnu ladiiv 0.4 el 48 435.00+419.83 ARSI
3 leseeelseiidu o 23 Taivfiu 130 1144.63+913.63 AiuAunsgIu
4 1.2 lanaslslnsmu LA 4 Taliiu 82 146.87+108.07 UAIRSEIY
5 inaszeaelsiefau s 200 13iviu 400 426.52+548.92 ARSI
6 1,3-0ledu ladifiu 0.33 laAu 5.7 38.36+35.95 AiuAunsgIu

@ Ysgnannenssun1saundenwisd atduil 30 w.a. 2550 Gesinunuinsgue VOCs Tuussenmialuian 1 T [15];

o

@ Ysgmansumuausaiiy 59 ivueadhsedvivansdunidssmedeluussemamluluing 24 43l [16]

naudl 3 mauszfiuanudesnisiududaanstma (BTEXs) irudumenisiududasunismela

AUt uvesasUsznoungudina laun wudu (Benzene) Ingdu (Toluene) tafialuudu
(Ethylbenzene) tumaznns-lwdu (m&p-Xylenes) aasls-lwau (o-Xylene) uazaln3u (Styrene) @1w1sa
Uanddesldannvezdssnmnanadin wansasivinanuazeialuaiaideu asadivuieuuniuresiidosaansld
SnvavanvdesldannipiesdnsnauasiadesouiiaUssaniuuiuuaries 019 snsuduazsasnseueus FOUTIN
NUIUVEE SAUADAVYY m%ﬁﬂﬁ'aumazﬁm%un’ml,ﬂigﬂL‘fﬁluwé’qmu LazLAS a9ARLENYELAIAIENIY Yi097n
nszuaunsenntuudsluuinaiuilasseuiiuiimnewes Wudy wazthaanududuedsildundseduan
HostegunmnisuduarumamnelavesasissiafinelhAnuzsiuariifousnds nuarudssduameiiinu
nmssududaastive Bosdduamududuaisannunluties fil Ingdu wauazws-ledu wudy wiawu
Fu dln3u 0o3ls-l9aU ANEa1AU (1376.23+£1219.09, 526.51+98.49, 238.25+175.31, 194.69+189.65,

142.87+131.28, 52.09+2.66 WilAsn3usognuiAniums aua1eiv) WARITININT 6
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o ] a & o a
anududunasaisnguding (BTEXS) UTIIMNUNWMNGIVENATeUAN 5 USin

GILED)
o03ls-lafu

wauarn-ledu

asnaudine

ofialuuTuy

ngdu

wuduy

T T T T T 1

0 500 1000 1500 2000 2500
aadatuade (ug/m?)

anududuadesiu anududuaieyiaiie (12.00-14.00 u.) anududuadetiad (07.00-09.00 1)

AN 6 ANUNTURGEYRIE NN TIMNATIATIINUUTIAHUTLINGIVELNAIHIY B1NBARDIMIAN JanTnunus il

n15UsELiiuANEEeag AN (Health Risk Assessment) §338lAvI1N1559U5AINTFIULATLNA
sERUANMUNTUYRY VOCs Tuusseniausazsin IngRansanaianududuadsluusseinianaluvesas VOCs
Tuan 24 92109 wag 1 U Fanmuanieldidouly Unit Risk # 10° %159 107 WJua1 Factor dmduninue

ANNAIEIN ANUEsIeaunMYBsanInausisazasylin i liAnuziSuiisuiuamnnsgu uaneiannsen 3

=] a 179 a ] i 3 A a1 o g va I3
M990 3 Uill'?mﬂ'ﬁlﬂanqi VOCs LLazmmLamma?j%mwmaﬂmiﬂamLiﬂLLasaWS‘ljum/fLumeLmﬂﬂmm

USunaudildsu (mg/m3+day™) (CDI) ALEBINFYAN (HQ) fd gy
VOCs ~ — Adigausula
WWAYNE AV WAYNE A

o ' a ' < .
AULALINDFUAININYUAT1TNDULLSS (Cancer Risk)

ST 1.37x10"* 1.66x10™ 3.70x10° 4.53x10” ag”luszmﬁaam“ulﬁ

adsssaguawaniaaisylailiinliiinaeise (Non-cancer Risk)

ST 6.88x107 8.25x107 1.72 2.06 fdunsneszaulIunas

Ingdu 5.0x10°2 6.02x10? 0.62 0.75 fisunsesedum

- Leflaluuiu 5.60x1072 2.75x107 0.05 0.27 fsunseszaum

- ewasns-ledu 1.52x10% 6.73x102 0.07 0.33 fsunsesysium

- pasls-ladu 1.50x10° 1.80x10° 0.00 0.00 laifidunsne

- d@lwsu 4.10x10° 4.92x10° 0.00 0.00 luifidunse
Hazard index (HI=SHQ) - 246 341 Auefioeusuls

91197 3 wansAUTIunsleFU VOCs wasarundessoguamyesansnouziSsuas ansvdailaivivli
Anuzide nudnansneuzse o wudu wezasyiadilivilniauzde laun wudu INgdu LeMaluuTY lunuae
wis-lodu e0dls-lvdy uazalniu aluuduaunsadmansenunanisiens SuasnansenuilivilfiAnus e
Frogramansenuiliitieadostunisnensids Wy enmsiinTunadounduuarSeds Wy ssaedemaiumele
Jeduufisur wazinnnuiinunAfioleiesing q wandifiuinanudsddunisifiaugds (Cancer Risk) voaunduly

wAgeLaziwandgaiwIale 3.74x10° wag 4.53x10° auasu lnedatlinu 10° Jadumnudsiigensuls
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aAUsBuaaTUNANITIY

n1sUanUasansBunIgsemed1eaINnsEUIUNITITATELLUUWMNBINA1TY wdaznululSinadosus
msthinfinnsan Wesnniduasuszneunieufafiunsnszaeliie sninsazanludaandon uazansursvia
andsgausazaaedldinluaniasund siansdunidssmedisiquantinaeiiiiduiiv Tagloves
amsdunidszmedraflewniuassvioasanluvsssnialuszeznamis szdsmaliiAauafivnadueiniauay
dsnansznusioguameunsvesszrey mnlifinssuaunisiansiigndes anwan1sideuandiiiiuinnguves
@13 VOCs fimuann leun nguansusznevslalnuuazaisuszneveslanin lelasaiveu lagarsusznou
avlsunfnlalasarsvou drulngdunasnndauiannnszuiunisgosaalsresassunignieaiseiunis wu
yegnarafnfiitlnsdemuesdlsenou uasdviazaefiduasiedunaranfuuidunssuiunswannanain
uiterafnnnueysminass amusiiussdvietitu venandanududuaisluusssnmavesansyszney
grlawau lunsAnmidwuaigeniins@nuluvinaiuiivnesusy weensfnwuinuvquilinauvasy Tas
asUsznavalauluanuiirinverdiulngiiansuanddesanujiseed wuderdunisdesaaemaianim
a1sUseneumaesuuNTiinasagnUanUassainnisaaiedivesiavinagatvalanuiayindliianaslsd (PVO)
sfnundsiudadu q vocs i slanuiuesdusznevazsuniunsvinuresansiugnssumiaduds

aaa =

UiisenTueilumaduasiovslunisieusifeionseduliifnueSduddiiinld vocs Tunguansusznevenlaiaud
fianuddauaznulaialvluduwndey fe lnsraelsiedfidu (Trichloroethylene %38 Trichloroethene) 109An1s
Aelsnuzifanuiv@ (ARC) wazesdniseunsielan (WHO) Ifszyinansinsaaslsiefiau luasiineliAnueisdy
uywduardninaasingu 2A (Suspected Human Carcinogen) [17-19] T idudavinazaelundndua
Fnddlunsazeu Tnsameihendnuis ay thended thenasasamuludunasiiu vieoafanmsuudeuinty
\AwomInsovezyaasfiannsagosameldldiesnisnssuiunsdnauenvszyanesitlifviniaig enauia
amusedinsy lunisdauenvey oravilvuesyadosianisuuiioutu VOCs wlindu 9 lunwuzvieney
wansUszifiuaudvsi uansliiiudn minldSududaasuuduiunsmelanasneydeniolu
srornauiluaniuiity 4 oadswansznudeguamuuudsundu (Acute Effect) ldun szaeidosiovieuny
Hoynn inernisiusaisudsuy wavayn o1dsu 0115 uTeTNiNTs waruuUFesa (Chronic Effect) léun
wziadadonvndeunduriladedases (Acute Myeloid Leukemia: AML) wagvinanglanszgn waidenundwan
dwalilafingns sunumahnuessuuUszamd N wareriansduaiunaindesenuinuieibolen
ueninifaiirenuhasiiliAansdsuuUameueuiveiuaymsdsuuuanmaiugnssudnde [20] uay
nMIAMATvTmLdEunT1Y (Hazard Index: HI) WududanudesdunsevesansviailiviliAnuese
wuBHaTmvesa AT vt suadAnAund 1 wansdeldfuasuafivi uaz]ifisadosnsfiorsauuimis
msflosfufidunedsiusiely Weanmansenuiiusunesoguawisitosiian
n1snTIdeuNsUanUasealsdunidsemedie (VOCs) luussenia 2nnseuiunsdnnisvesyacoy
gy Uihaaniifdnvezuuumneanatauds suneraemvans Smiaunusidl sans@nwvdauazanududy
W@ABv99 VOCs fingaamy nusssusznavansifnyelanumdussdusznavluyngaiifiufogne Helugiadi
(07.00-09.00 1) UAEHUY (12.00-14.00 u.) Mnflgafosas 45 Fsilnrmidsssunsesoauamlunsiinuziss
a1sUsenaveslsundnlalasaiiueusosay 22.5 a1sUsenauneaauiauay 18.5 arsusenoukeafuiesay 14
dlowSeuifivuanwaniesinerfidmasiemsulsiusssvanududures VOCs Taslamzannuidiay uazgunail
ussEMA nanFe Wegamgliusssniadiugetu arudiaush dwalvinisssmeduleves VOCs anuinmiiug

neswezifinldsinsuarnuanududugelu nsaduayuunaannidandnves VOCs luszninanisdine laun
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vllauarasdusznauvesusyyanes fviazarsluveznaiain siufnszuiunisidavezyanesiineliia
wafiwenna éud msvudie msueadaiineliAanisinueesnaues Snidluanmefigamniastu annsadsual
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Abstract

This research aimed to study in vitro antioxidant and cytotoxic activities of Mitragyna speciose Kort.
leaf extract (Kratom leaves extract). The antioxidant properties were determined using DPPH assay and Metal
chelating assay. The Kratom leaves extract was also tested for in vitro cytotoxic potential against various
human cancer cell lines including HT29, KB, MCF7 and HepG2 by MTT assay. The results showed that Kratom
leaves extract at various concentrations of antioxidant activity were statistically significant differences

(p<0.05). It could scavenge DPPH radical (SCsp= 43 pg/ml) and exert a metal chelating activity (MCy, >500
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pg/ml). The cytotoxicity to human cancer cell lines showed the highest cytotoxic activity against HepG2
(ICsp= 593 pg/ml) followed by KB (ICso= 1,178 pg/ml), MCF7 (ICso= 1,412 pg/ml) and HT29 (ICso= 2,343 pg/ml)
respectively. Based on this research, Kratom leaf extract has the potential to be a natural antioxidant and
can be developed into a therapeutic agent for treating cancer. In addition, it provides scientific evidence to

support the use of Kratom in Thai wisdom for cancer treatments.

Keywords: Antioxidant, Cytotoxicity, /n vitro, Mitragyna speciosa Korth. (Kratom)
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!
=2

RINK)

a

ua

v
o

A8MT MUAIAU WERIRINNTIN 3
& v v ) | a U I a aa ~ Aa '3 <
Wiudnmananuidudugigavesasaialunsevieun 5,000 lulasnSunafiadans JN1559ATINYBLTAaNLISIanaY

= = =~ Y i 4' 1Y) 9 =
Lll'?]LUiEJ‘UL“V]EJUﬂUﬂ']‘Wﬂqllﬂ?UﬂlW] 24 GU'ﬂllﬂ WLEAIANAINN 1
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HT29

KB

MCF7

HepG2

Al 1 wanan1siTinsenvonvaduzisewdane q Ma3aylu DMEM, DMEM+1% DMSO waz DMEM+1% DMSO+

asanalunsgvion 5,000 pg/ml Aasweny 200 11

A51991 3 AN 1C,, VedaNsENAlUNSEVaURBITadULIS IS 4 ¥iln

#19vndau Yinvasvaduzise ICso (Mg/MmU)
HT29 2,343
. , KB 1,178
ansanalunsyvio
MCF7 1,412
HepG2 593

aUsEuaraTUNaN13IY

NMsAnwgniiuenyadaseaaeds DPPH assay Judunisnadeuanuaiunsatunisidneuyadase

a

vosiregeasannreeuyadase DPPH Juduasdunsisviedlugleuyadaseiiaaiias uazdeouldlunisneasy

U

winasanalunszvienfinuaudfiduansiueuyadase wwlididnnseunnoyyadase DPPH dwalilassasnees

:
1% d

auyadase DPPH Wisuluilulassadenlilvoyyadasy inliiAnnsasunlamesdaindinveseyyadase

v
=1

DPPH \Judwdes nansfnulunuideiinuiasadalunssvieuiianududunng 9 Sgvdsusyyadaszunnsiig

o w '

fupgeltudAyneada (p<0.05) wazilen SCs, A IUA1SUINIFIU L-ascorbic acid Feaennapsiueuide

< a 4

Y84 Parthasarathy uagany [4] nudgnia1ueuyadasene35 DPPH assay 31A1 ICs, vesasanaul asann
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WNUDA LAYENSANALIARIARYAIINLUNTEIBN WU 213.4, 37.08 way 104.81 lulasnsusafiadans a1uainu

wazilse913Teves Yuniarti wazaniy (8] Anwigrsiuenyadassuasansanaeniueadntunsevien wieds DPPH

a

assay nuhasainlunseviay a1 1Cs, Wiy 38.56 lulasniusieliadiang dwsunisdnungsdiusyyadasy e
38 Metal chelating activity Liumsiasigianuaunsadudenisiinfaduvedlans 199a15ainINsssUV1RAD

UAi581909a15 FeCl, U Ferrozine mnansanalunsgvionaiuisadudinisiinfaduvedlanslaagyinlmiinnis

o
LY

wWaguwadlassasrsfiservesdonas nanisAnwnudnansadalunseviounanudududig o Jgnsdudinisie

o w

Alatuveslanglaunnsneiuegeltodfnieaia (p<0.05) el Ussdndnmlunisivlavzassansaialunssviou

v o
= LYY a

LN TEAUAMTNTUVDIANSANARITY ANUAINITAEUTINSANALaTUTDIlaNe AL USHUANW LAY Feglainuy

Y
weumsanyneunihillugvsdieyyadaseaieds Metal chelating activity vesansarinlunsevion
agelsAinun1sfnwgnd diueuyadaszsiaiS DPPH assay way Metal chelating activity Tusu

v
a =

Uszdnsammsdiueyyadasy Yuegivelauazusmnvesansngnuailulunsevionfivivminiidueyyadase

Y

a

wansnaiu Ingansadalunsevieuduansdveyyadassldd Wadisuduaiszaulszdniamvesnisiduasd

a a

ayyadasy JadneglunduansinueyyadaseNiiussdnsamaea [13] :nnnsnandedu Tulunseviendansusenau

a =2

Auoaldun flavonoids way tanins ﬁLi‘]umsﬁma%aaaiz 9INN1IANYIVDY Pengpeng Zhang wazAnz [14] wWu
Ysuaasuseneuilueasiu luansadaieniueaainlunsevien i 24.62 fiadnfuauyavesnsaunadnsiensy
asarin wazerananldinfiwayulnsiinuasuszneuiiueatTunamnnegdanuduius fugmidueyyadassiia
[15] wasdinnuiieadesiuanuamsalunsdulane tnefisieeuaes Nathan R. Perron waz Julia L. Brumaghim
[16] lemumunsAnwjduiusseninasnqulndflueadumsdulave lavansnguilueasziluddindulessunes
Tangla

msfinwinsnageuaruiluiiviowwadaeds MTT assay LHUIBN55I9d0UANRYTEATRABAENAIRIN
fldsusegeansain Tnserdendnnisineuveseulesl Succinate dehydrogenase Tulilnpaunievovadia
FAnazarunsaUdsuans 3,(4,5-Dimethylthiazol-2-y)-2,5-diphenyltetrazolium bromide (MTT) 7118 wa adle
nanewdundn Formazan #ifidsie wnansadelunssvieudanuanunsadufiviowadvesundald vileaduzise
e axfidnuarlalidaviorlidinmeas namsfinwnuhasasalunserendinnududusing q inanandudiv

2 o 2 o

Aolaauzli e 4 via Ao uzliealdlug) (HT29) ugiSedesunn (KB) ugiSadtusn (MCF7) wazugi5edu (HepG2)
NWIFENANTTINUReUntE wuarsngnuiadnusznaveagludiunig o vesiansevieuiiunnnia 40 wiln
nillasasradu alkaloids Fsdneglungy indole alkaloids wazsiduaslunslaiiuegfeiosay 66 vosans alkaloids

= &

Vi [17] ansluvsilatiy Fuduansddgudnlufivnszvien lawanslungu indole alkaloids Jazdmnudufiusie

o '3

waduzisela Inevhuihdedyauniuauszuun1sneveseaduztss (Regulated Cell Death, RCD) [18] uonaini

fimsfAnmanuiivrewaavesarsanalunsevienluwaaund laun waaln (HEK293) uwagiwadsiu (HelLa Chang liver
cells) wunansannlunsgvion lduansmannuduiiviowadund [19]

mATeiilauansbiiuii ansadaeniueaanlunseviendgraduveuyadaselaaduilididnnsounnd

a ya Lo & a a o v 0§ Ya & a1 3 ¢ & Ay = & val

auyadasylan Tgvsdudsnisiindiaturedlany wardwhlbifnanuduivdewwaduzisang 4 wiald Fadululan

aldusslominniivnszviouninadvine wazeraldimuraiainfivayulnslunissnuilsauziie Snvadunis

atvayussrnuimigilyaninedfivnsevioudassmantelunisdmue sl

Anfnssudsznnea

ANZEIIBVDVBUAM HUIVNT kazAuduInIs RDI univendegsiadnding Naduayuyiidevesynans
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Development of a Semantic-based Image Retrieval Model

Using Contrastive Pre-trained between Image and Text
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yoegUnmINLLNARNTURn T deundaiiniFoudddnatafenadsudteaues uasdneleumauditofin
theirfudeyaliiugunwssuudnssdugslusuiuvuisssuvesgunndlfannnsisusanuadondads
Anuvng neudzadadunnmesaudnuuriuan 2) lwganisuszananadennuduniaingldlugduuy
awsssuadmiudisiadeny Weahunninesnudnuuzternudum 3) luganisiugunneinudnuvas
sUnminaznnenadnvazdonmfuaInAmNAdeAdwesnAes feuasFesddununnietos ua
wanadunadnsnsdufugunmuagld naussiiulszansamnsAuugunmBsnnamanenuin 1) Aedsdiu
nduvesdfuugndoya Flickr30k uazyadeyafisesusmeaiiaviniy 0.628 uay 0.617 awandufisumis
k = 5 uaz 2) Armrmasuiuil k d1du §1uau 1, 3 uag 5 Uamuugadeya Flickr3ok fidAnunsudiuieds

%

0.585, 0.664 waz 0.761 iawSeuiiisuiugadeyaiidesiunueamuitamanuasudiui k dduanasdniles
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Abstract

The objective of this research is to develop and evaluate the effectiveness of a semantic image
retrieval model using contrastive pre-trained. The approach involves 3 modules: 1) the image description
set generation module, which trains to encode both image content and textual content in various
embedding before estimating the output probability distribution using the softmax function. It then
calculates the loss to compare the meaning evaluation of images by experts with the predicted likelihoods
of labels from the model. This step involves adjusting parameters for image meaning learning using the
concept of retroactive distribution learning and self-paced learning, transferring the learned knowledge to
label data for images based on the high-level abstract concept of images obtained from meaning-based
similarity learning. This is followed by creating feature vectors for image characteristics, 2) the natural
language processing module, which encodes user's natural language queries to generate feature vectors for
query characteristics. And 3) the feature matching module, which matches image feature vectors and query
feature vectors based on vector similarity values. Then, it ranks the results according to relevance and
presents the image retrieval results to the user. The evaluation of semantic image retrieval performance
reveals that: The mean reciprocal rank (MRR) values for the top k retrievals on the Flickr30k dataset and the
self-collected dataset are 0.628 and 0.617, respectively, at K = 5, and the precision at kK (P @ k) values
for K =1, 3, and 5 on the Flickr30k dataset are 0.585, 0.664, and 0.761, respectively, when compared to
the self-collected dataset. While the precision at K values slightly decrease, the results show a consistent
trend. The outcomes of this research will aid in addressing the semantic gap problem and support users in
their natural language queries, which are linked to the image semantics rather than following the

grammatical rules of the language.

Keyword: Image retrieval, Pre-trained, Contrastive learning, Deep learning
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mudeyavenivled Phototutorial [1] s189uinvediunnds 1.81 d1uduamlud aa. 2023 wagazifingy
1N 2 audunnlul e 2025 laglud a.a. 2030 A1en1salinedsuninialande 2.33 aunm wavi
wliufziiuannIuEey 9 nnginssuvesiaulevlddedinuseulatlunisudsduzosnuasduiinaumss
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(Text-Based Image Retrieval: TBIR) [2] fun il 1 n1sAuAugUnmeietaniny “brown dog” LlewIeuifigumauy
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Fogunw AosuIenm

The white ani brown dogls running over the surface of the snow.

A whiteafid brown ¢ o = ow covered filed.
String matching

is running thr

Dataset

A dog is running in the snow.

A brown and white dog is running through th snow.

Man on skis looking at sky in the snow.
A skier in the snow next to trees.
Search Query

A person wearing skies in the snow.

A skier in the snow.

~ 8y
BI’OWn dog A blue hat skier with a red backpack. »

:\ Several climbers in a row are climbing the rock.

Seven climbers are ascending a rock.
A group of people climbing a rock.
A group of poeple are rock climbing on a rock climbing wall.

Acollage of - String matching -

Largd blaying with the sprinkler in the grass.

A dog is playing with a hose.

A brown dog running on a lawn near a garden hose.

A brown dog plays with the hose.

A brown dog chases the water from a sprinkler on a lawn.

AWA 1 MsAuAugUNMmE TRy

winsdufugunimdaedonnudaduisitenldeglutiagou uithwudgmmsdedelndlinstudon
vosgUnw Snitsdnesursnmitldlnsuywdortliannsoesuisldnseuaquiomusszuninldiemun duwal
sUamaNMsAuAuiivssAvBaimeh uay 2) medufugunimdaien (Content-based Image Retrieval: CBIR) [2]
MnMsTeuisuseninsAnfumiunudnuazsiun1weagUunm (Low-level Features) [3] Fadudoyailidl
Armanglufaies 1wy & sunss ulla sadsiumislunin (4] Safugudnuuesedugs (High-level Features)
%1 WuIAM (Concept) 37 (Object) iwmnnsal (Event) titedudugunmitiinnundeadsiumiummanniignuuans

Junadnd Al 2 msfufugunmidadiendiedeninu “a dog running on snow”

img_name description

The white and brown dog is running over the surface of the snow.
A white and brown dog is running through a snow covered filed.

A dog is running through snow.

running

A dog is running in the snow.

A brown and white dog is running through th snow.

Man on skis looking at sky in the snow.
A skier in the snow next to trees.

Search Query

A person wearing skies in the snow.

A skier in the snow.

A blue hat skier with a red backpack. »

Several climbers in a row are climbing the rock.

A dog running on snow

Seven climbers are ascending a rock.
A group of people climbing a rock.
A group of poeple are rock climbing on a rock climbing wall.

A collage of one person climbing a cliff.

Large brown dog playing with the sprinkler in the grass.
A dog is playing with a hose.

A brown dog running on a lawn near a garden hose.

A brown dog plays with the hose.

A brown dog chases the water from a sprinkler on a lawn.

lﬂ. Y A a dy
NN 2 msmuﬂugﬂmwm bUDMN



2.5, inalu. WLEHURRUNIZALIA 37 99 9 aUUN 2 NINNIAN — TUINAN 2566

nnmd 2 MeuAugUnmidadomagihnsusuisunnuedeaiessrinnadnuustessUaman
Fornudumuarandnuugvosgunmlugateyauuiiuiiinmesvnaiedd (Multi-dimensional Vector) 1ty S
wiliied fAfiaesfegunss Afianufofiuia 1Hufu audnvarvesgunmlaiiidaundeadsiuandnumzves
sunmandeanufuniiuaus (Threshold) azgniesnyuilunadng

ae13lsfimu “A picture is worth a thousand words” LLamﬁaL‘l’famgﬂmwﬁmwwmWmﬂ‘mmamﬂﬂdﬁ
daifteututoniu dufumsduusunmisnudnvusdassndiiesegnaien ovdmalmintymdesin
ANUNLNE (Semantic-gap) Lﬁ'aﬂmﬂ@mé”ﬂwmzLwéwﬁlﬂﬁaﬁamwwmaﬁaeﬂugﬂmwlﬁaﬂwgﬂﬁm waTNEANTIN
fansinazldidumiiumsnusvietemnuunniinsssyfissnudnuuzing 9 vesguam JaAnduuuanns
FuAugUnNTenamung (Semantic-based Image Retrieval: SBIR) [5] i3 desloanadnvazuosgunimlig
AnuveRuiassueagUnm Mensulasadnvauslieglusuuuuvesanamnesunmlusedugs (High-level

Semantics) FININT 3

img_name description

The white and brown dog is running over the surface of the snow.
Dataset
A white and brown dog is running through a snow covered filed.
(Y A dog is running through snow.

Adog is running in the snow.

Result

A brown and white dog is running through th snow.

Man on skis looking at sky in the snow.
A skier in the snow next to trees.
Search Query

A person wearing skies in the snow.

A skier in the snow.

Ablue hat skier with a red backpack. »

Several climbers in a row are climbing the rock.

Move forward

Seven climbers are ascending a rock.
A group of people climbing a rock

A group of poeple are rock climbing on a rock climbing wall,

A collage of one person climbing a cliff.

Large brown dog playing with the sprinkler in the grass.
A dog is playing with a hose.
A brown dog running on a lawn near a garden hose.

A brown dog plays with the hose.

A brown dog chases the water from a sprinkler on a lawn.

a v a
AN 3 ﬂqﬁﬂuﬂuzﬂﬂqwmmﬂ?’]uﬂuqﬁl

PNAMNT 3 fregrearAumienavinliiiatymdesinsmnununy 1wy “move forward” Wieldnannis

v o v

AuAuUNMAIEtaRIY isemsAuAugUNmslomdusunmianuawds envlinunadnsiineitosiuiAum
e uidlotuUSeuisuiunnanwasldanuvNNg asnuIERaansIuIL 3 A laud sUnmatuniasidly

o
[ o w

Hravih UnmeinaRfimsgoiluuugeaniivg viegunwiinldwimddugoniludeeawiiv 3 suamls]
Us1ng A9 “move forward” meluguninmiedussenenmias use1adinramuneudain “move forward” i
wdadngjsludremih sudunndnuvaziiAndestudennudumangld
JagtufinisiausuunAniisafunsfufuguamidsenumaneuning TnensiSeudvesiaios (Machine
Learning) Lff]wﬁﬂuLLmﬁmﬁgﬂﬁmﬂﬂﬂumﬁﬁLLuﬂ‘Uismngmw (Image Classification) [6] viea$1adusuua
ANNEsERUEA (High-level Interpretation) agdlsid sane3iunsiSeuiveaeiownluasmns fudeyauuui
Ta39a$14 (Structured Data) lusaugfisunin dan11u wazidsausinazeyluguuuutoyadiludlnseadig

(Unstructured Data) v U 4199401519 1As9018Usza oy (Neural Network) #1iuuifnn1swuaaia Uty
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o
a v = v U 1 1%

lunsiSous Usenauaie 4 du laun 1) dudune (Input Layen) Aeteyatoud1lasadig 2) tugewsu (Hidden

v
A o [

Layer) Aadulsvananandousyaunsadlanaledu uiavduasdiiasea (Neuron) dnthfisudeyauussuiana

s @ <

FafvAdminvesdunauragilnleflanfunsesu (Activation Function) 1y fandugendudng (Softmax

Function) #efidu@nuess (Sigmoid Function) 3) Futedns (Output Layer) AotuilUssaianadunananunangy

s

Aountudums A mimiin (Weight) uarluda (Bias) YeaBuUNALAaEAa hay 4) NMINEINTal YD WAGNS
Mndulerdnauaineilaiduiadula (Decision Function) Inednadns duameinsal Tass 4 daudvinay
AowflosunuuuinIzeiunti (Forward Propagation) aEhaliﬁ'aéhquﬁgﬂﬂﬂﬂuﬁ?ué'faﬁummﬂfmﬁﬂ warludadi
gniosdaalrfineinsalldenaazliinseiuanuais aduuuAansuinszanedeunds (Backward Propagation)
anmsAmensaitusldluflerdunisgayide (Loss Function) temanuusnatsssminadmeinsaifueaie
feA1nsoalaulnsy (Cross-entropy) neuthluusulasmisdimes (Parameter) limnuuausanensalnaansle
gndasBedy

N13158U3L189aN (Deep Learning) [7] gnitaiuisisganunanlassieUssamiiien Men1snddaseiedou

fuvate 9 P Wewulszdnsnmnisleseit Yagdulasuniseensuinduss@nsamlunisinsgiuagnensal

nadnslaanilasaneUssamiisuwuuiuiduagaunn

¥
Ay aAao

NATelIngUsTase i uaz Useliudseavianuuudnaeinisfufugunmdannuving laglden

q

LL‘U‘UmiL’%Wi@ﬁﬂﬁgﬂﬂmumwﬂwLLUUﬂawmaﬁ (Contrastive Pre-training) 31nN13t38U3ANNFUNUSTENIN
sUnmiudennuniwsssund wiuisSeuimeldnaaidnfinogsaiumieuaituiu wWesuuuldsunsiindy
Mnfeanuisusslonszdmalifnuvamnsndeuddsing q Wty wazaunsdumguuvuanuduius
untegesEnIsgunmiudeanudinisiseuimenues surzsiluwuimenisfufuarsaumelueuiannieglde

AUTUTURUUNYIETSUANE AL UANUMINEYBITUNMUNUTIIE AU VaN 18N T0IT8IN T

A5Aiiun1sIve

nuIFeiuszenalnisiaueUndinduiuuisesn (Rapid Application Development model: RAD) [8]

v
=1

wndunseulunsimuuudiasansAuAugunmdnnamneg fewasiaulussuuiauysel feazidondail

1) AITINUHUANABINTT (Requirement Planning) JagtuiiuwiAniigatunisasisiaulaninumung

o

Jzaugs IneUszgndvatermansunysannissndu annsaduunaumaiiaeandu 6 ngu laud 1) mallanisneu

v v '

nauvesd 4 (Relevance Feedback) [9] Iideyalatheiinssiudsfimdsiumed dunadnslunsfumaiousn e

a 1%

Usuusmaansluaswiolulinssiuainudenisuingstu 2) mallan1sAufugunmiuunagseau (Multi-Level

v
v o

Image Retrieval) ImaLmuﬁﬂmé’wmwaqmwﬁaaﬁwa%maﬁ'Lﬂuémwu (Hierarchical Image Analysis) [10] 7i41e
sansvianudilauiestun1siuivesuywd 3) wallanslda1aSuignin (Annotation) [11] w3eeaulnlad
(Ontology) fifiarsanarmduiusuesgUnmiTamAeatesiu 1wy msfemguamunamunadnvuzians 1wy
@ Un uazazsesndiuanadeiu uaziluadreanuduiusiud aanane vuie Auiiends wagems Wusu
a) wadanslduiuuuidennumineg (Semantic Template: ST) [12] WlofmuanudnuazyesgUamidudiuny
(Representative Feature) %@ﬂﬂdu%@%aﬁlLLE‘WNLﬁaﬂﬂLﬁBdﬁUﬂméjﬂUmzﬁiN 7 5) wadanslddenianiieFouins
AufugUnm (Using Text to Teach Image Retrieval) [13] 9andayasne q fiusinguuiumg wu deanulaeseu
witn feBune Asdidenles vioduivesiuma Swfugudnuuzvessunmlunisuvaruvane waz 6) wade

msdnnguieyafioniseuivedaiad (Machine Learning Classification) Jagtuiniundunisiieusiedn (Deep
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Learning) Fafigaaulun1sinsgsiuasinnunaudnvuzsunnldsgaainvaty waziiussdniaimnisnensal

a [

HadnslaAnIINTSeudvenAIadLUUANTUE 19N

[ '

winseudiddniiunuimdAgsienisussananagunm uwidmutediavateusenis laun 1) feansyn

o

TayannwuluuTinuiiiveswe [14] iedesiudym Overfitting Nduuuiiuszansamadlunisduundeyaiuya

Y

v '

foyanagou wilssAvsnmaranaiiovnuiudeyaiilsinenuindou 2) nisassgadoyatulifunuamena [15]
doswndedduyuslunisinthesifu eglsifnsmuradeyadeundyiuamviimemnune feavsduyana
srudaulovemangruneuay Sausssu [16] uaz 3) Anuvazgnilnduuuyadeyaiidnvazmed luawnse
WasuulasldszarinansGeus mndiniadsuuasioauidousinidusiy

Mndgymidanaiduiinvesnisldauduvuiignil dudrmiuuyadeyavuialng (Pre-training)
Feansadnelouannud (Transfer Leamning) lul#ldiaslnglisndudosinduduuulnldousdu fosuduuds
(Fine-tuning) fuvuiiaAnssyndoyaiianzinnzaddunuiideants iemnduuuldBouinadnvus Ay
vaagunmienld FaunsUsEIaanan1ws5IuTR (Natural Language Processing: NLP) 3slétuwifnsananasn
Usuldlunisilnaludiuuusunmente (Language Model) Uutannufvuunlmgaienisiseusnienies (Self-
supervised) Winduanitlnanssu Transformer [17] fsuwiiadiinmusasdfiaungludies lneanuming
m%ﬂ"]‘ﬁ"ﬁNaMW’lﬂU%UVI‘UENﬁ”IﬁE]gJ:iE]U q feudzgnisnUszgndldiunsataradnuassunmdiivdnnisiuiioniu
mMavhauiuteruuAasunldiuguamm Bendt Vision in Transformer (ViT) [16]

2) N13598AKUY (Design) Luvudnasan sAuAugUMmdiaumiig lagldnisdnnudnuuarwmiiuuy
AouNTIAR ST egUNmMLastan1L Usznaudae 3 fumou ldun 1) niswieudeyanounisussuiana
2) MINNHUEIMTILUUABUNT AR TENI19TUNINKAE YDA hag 3) NMTUTULAINTI TN AIENITIT8UT ALY
puios T9eaniBendsil

2.1) nswiseudayanaunisusyaiana (Dataset Pre-processing) ATl fyntoua Flickr30k [19] fdu
éqm‘*t’faaﬂagﬂmwﬁi’miwvmL’?UIWT Flickr 3112u 31,783 g‘dm‘wLLaznmiaaﬂaﬁQ’ﬁaﬁmwLaqr\i’ﬁmu 92,168
sUnm sauriedy 123,951 gUnw dnsuflnduliirosfiunesiBouiansuninuasdenunivisssud dvuels
sunmitsuaiiiulEoUszens Fudennguiedieiidulumalenianaadia (Probability Sampling) faensda
98148152 UU (Systematic Random Sampling) [20] Lﬂuﬂ&juﬁ’;asﬁwimﬁgﬁu 400 gUnw wusdugunmuuadeya
Flickr30k $119u 100 3UAw wazdn 300 UAManYedeyafifidusausauies (Custom Dataset) mudadiuves
Frunuguamililunuide madretennuusseisgunmieSursanumneidsaunmussgunmlugluuy
mwé’mqwﬁﬁmumﬁu‘[maﬂﬁa a1 gUn1wsie 5 Yaauussenggunn ShvTaEY 2,000 5719713 FIANT197 1

o

M99 1 Fvunguamainmsdadu 4 Tawu 6ud 1) amyaea 2) mwdadides 3) nmdses uag
8) pwdsgnadrauaziaiad Tassuddeiliauddyfulssiuaranivesgunmiddyadoyagunmidide
susmeannnfesar 75 lunsiuivesiiuy nasasumilsfvdnsduyanadiusnglunm  SevdniEeanis
Tunmitusinglumhvesynnaviednniediulnogsdnnuiiannsailugmsszydndnvaiyanaldifuieuly
Tunsdusunmitedudeyaneumsyszanona fsesandendsl

2.1.1) myaseguamlniainnisaaudassunmduadu (Image Augmentation) [21] tiouAUaym

Overfitting \fieanUssAninmvesiuuuunisiseudidsdniuduiuiinadeyaduladeddgydudunils indu

Y

wwIRRNIsUTUUagUAIN Wy n130n dn s Whewd ihawlitieasveainadu viselddisuniu (Noise) asluli

Iesunwlnseenun [22] weliwuuinassandrdilisnduldendu wazandraudnvardAguesgunwlainsy
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@

= o ' A 1% . v A va
M13149% 1 mamagﬂmwmqmmﬁma;ﬂa Flickr30k wagyAUayaniyIngsiusiues

a1y | gadeya | deAdnuuTIEIgzUNW Tatuy

1 Flickr30k | (1) two women were slowly walking forward. MnYAAa

(2) two women are heading somewhere.

(3) two women walking on the sidewalk alone.

(4) the two women walked aimlessly forward.

(5) the two women stepped forward determinedly.

2 Flickr30k | (1) the dog is moving forward through snow ground. AR LEE

(2) the dog was having fun playing on the snow.

(3) the dog running alone go straight to the camera. |

(4) the dog is running towards something in snow.

(5) the dog ran aimlessly forward on snow and ice.

400 Custom |[(1) the towering skyscrapers and the urban . mwﬁqﬂqﬂa%‘m

wag e

architecture and vibrant neighborhoods.

(3) the hustle and bustle of the streets below R

echoes the pulsating rhythm of urban life.

(4) this metropolis is a testament to human

ingenuity and urban design.

(5) the mix of vibrant neighborhoods and bustling

streets is absolutely mind-blowing.

(% o

2.1.2) M15YIAMUATDIATBAIULATAITAINUANINTFIUY8AIYU (Text Cleansing and Text

'
[ A

Normalization) [23] amﬁé’f&nfhiﬁmiﬁwmmqm LuaqmﬂﬁadﬂﬁWTummﬁwam'amsﬁmummﬁﬂwmzﬂuaqgﬂmw
Wultlufirmaderfuuunliunsidadmgaidsmoumananios q aulutagtunsFeusidsdnlifinngiida
Amgaias agndlsinudensidandommneing uazAsudusdnusanidnimuanounsthlyssnana
2.2) mflndudramiuuuneunsadseineguamuazdeniiy euidedldiuuy CLIP (Contrastive
Language—-Image Pre-training) [24] Lﬂuimmag’m (Baseline Model) f3nwil 4 \ileanniszn1siinlusuuuaniiy
fifpsnstoyadiuasnnluniaous Snvisdiussavsamininduuuiignainedunioadausisy
2.2.1) MINNHUANIITRAFUNNAILAIMUY VIT-B/32 dmTunisainaaanuazsunmauuiifnves
anilnenssu Transformer fivhauifuden usithand$uldfuguain (Vision in Transformer) anmstd3ouliiou
asduius s ofunmiieudnuaglunsmaruduius fuunaienm Tasnadnsannsils

JUN W (Image Embedding) %LmaaLﬁumma%ﬂmé’ﬂwmsgﬂmw (Image Feature Vector) 9u1a 2,048
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Free form text

[[1] the dog §s meving ferward K .
it <
e Tesxt <3 Backpropagation
on the snow.
[3] lomsly dog rumsing alozs ga
e —— Encoder
[4] the deg is rumeing towards + + + + . .
semthing in smow. Logits o
3] the imgssly forvard —
B Ty famas ‘ To| T | Ta| Ta| Ts Probability £
Score j
+
u
|1 l‘.*Tl |1*T2 |1*T3 lll_d ll‘Ti ’Y‘l c Pl &
2 = g
Imace 1z 1Ty | 1352 | 12T [ 12Ty | 15T Yz 4] P, 2 k7
5 > 5> —» ©
| w | o | e | e | e = P 5 =
Encoder 3 15Ty [ 15T | 57T | 17Ty | 15T Vs % 3 o G
© w o
| . « « | £ 8 =
4 15T [ 1T | 1T [ 17T | 17T ’Ya -LS Pa 8 L
wy
: I Ty ¥ T2| ¥ TS| W Ta | TS Yu P,
Unlabeled image

Backpropagation

Transfer Learning

Semantic Similarity

dog

Image

Encoder i 0 >

move

Labeled image

forward 2 'l 8 8 w2

Image Description Set

(b) Self-supervised Fine-tuning

M 4 wuudaesnsAuAuguA e uvng agldnsiinduduuuarmiuuuneunad

2.2.2) Mafinduiadhstatonuiiefiuy GPT-2 vuugruanidaonssy Transformer ilaiFeonus
Anumuelaesmvesdenuuseteguanusaslselen nadnsannisiladeniu (Text Embedding) wuauiu
nnmesAMEnyazUanI1u (Text Feature Vector) Yu10 768

2.2.3) Msi3suuvuAsun AU ufin1silanansgULU (Contrastive Learning on Multi-modal
Embedding Space) [25] Lilasannineinudnvuzdennuuazininedauanvarsunmilvunnsaiy Jafos
Sunld Projection Head [26] Tunsidsusunannmesuuiiuiinistlddiiafuindu 256 weflndusmiusewing
fudsiazunmuazAnd1siateainudienisnergunvduiinneiunumeAinuadteaislaled (Cosine
Similarity) 91nn13AUIMAeAlUsAA (Dot Product) vawinimasusaze indwnmesgdeiuszdainiy

Ad1ARaEs assiudandunneesaiiuansiuaziiiinnuadiendiiiig faunisi 1 [27]

0 AB _
I AllIBII

(1)

AyUALA Auar B Al NS

N '3

| Ao parUsENaUTRLINAas (Element of Vector)
n fla SuIuUeIRIrUsENaU (Number of Element)
fa NM3nnunenyAndn (Euclidean Dot Product)

I 1l A9 WUAVINNKADS (Magnitude)
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NNl 4 endreganisiuaniuensisd 1 88 ededenisianudila dmualigunmunusiae |
Usznaumeyasaay |, = {0.45,0.32,0.46,0.23} wardannuussenegunmlua1dui (1) “the dog is moving
forward through snow ground.” a16u#l (2) “the dog was having fun playing on the snow.” @16u# (3) “lonely

dog running alone go straight to the camera.” @1 wudl (4) “the dog is running towards something in snow”

'
v

wazaRuRl (5) “the dog ran aimlessly forward on snow and ice.” unugae T,,T,, T,, T, uaz T, Uszneunie
Y AN LAY T1{0.24,0.46,0.44,0.35} T, {—0.66,0.69,0.53,0.22} T, {0.82,0.25,0.98,0.99}

T,{0.22,0.29,0.35,0.67} uaz T,{-0.22,0.64,0.53,0.22} nudiu unurrluaunisd 1 Iseaziden

LQE
=De

I *T + I *T + I *T + I *
Sim(|1,T1):( 11 1,1) ( 12 1,2) ( 13 1,3) ( 14 1,4)
\/'12 +lp 15+ 1 *\/le +T)+T+T;
(0.45%0.24) +(0.32*0.46) + (0.46*0.44) + (0.23*0.35)

~J0.452 +0.322 +0.46 +0.232 *~/0.242 + 0.462 + 0.44° + 0.357

—E=0.93

~ 0.58

o
v o '

saturauadgadslaladsyninegain | dudeaiy T, aswiadu 0.93 andud | dwiusediy
Jomnuussenegunmasiu T, fs Ty agldnadndiviniu 0.26, 0.91, 0.80 uaz 0.55 AuERY

2.2.8) nsdmnnanuiianfuveatheiiiu (Label Probability) Liasniedinaainnisinauaiamii

wuuABUNTIERTLAYeElusULUUAN Logits Score MARANNAIANNARIEATIUBINNNADS J9naaldilsrduronduding

Y Y

(28] suvasliduinasgunsuanuasnnuiezdunudadiuesdiednausazaatd daunisi 2

f(x)= _exp(x) 2)
2. exp(x;)
vuav X, Ao wnnwesdunavesilyidurendudng
exp(x) Ao dleituendlnuuden (Exponential Function) fifasiivindu 2.71828
ENMAIFILLINADTBUN
Zjexp(xi) fo msvsualmdunnsg Taseodneiamnsududy 1 wasusiasen

agflugae (0, 1)
1NNNG 4 79819/ Logits Score MAnINAIAILARIEATITENIINMEIANEN Bz sUA MW | AU
nnmesAudnYMEtaAUUTIEIEgUAEIRUA T, G Ty davindu 0.93, 0.26, 0.91, 0.80 wag 0.55 AUy

~ i sa ° o v Y a a = o &
LllaLLV]‘UFHL']ﬂLmaﬁ@uwmm@ﬁﬂ’]u33&]’1831_]31']1/“@']@1]‘1/] Tl b1nU 0.93 Iuauﬂﬂﬁw 2 USNYALLDYUANIU

B exp(0.93)

~ exp(0.93) +exp(0.26) + exp(0.91) + exp(0.80) + exp(0.55)
~ 2.5345

© 2.5345+1.2969 + 2.4843+ 2.2255+1.7333

£(0.93)

=0.2467
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nadnsanasuUasaliidunesgiunistanuasauiissidunudadiuvesriednnvesd1ussens
sUamdduil T, dvuanadon ¢ fums azviidu 0.2467 mﬂﬁguﬁﬂmm&iaﬁu%’ammmsmngUmWé’WTUﬁ T,
e Ty azlanadnsivindu 0.1262, 0.2418, 0.2166 waz 0.1687 muaRU Fanasamwiiu 1

nsuszgndlduiuuy CLP dudnlvgasduluinmsufudsanniimesvesiuuuiiieldlunissiuun
s InenisasaianenUssiangateyavintennudieniiu (Create Dataset Classifier from Label Text) Lo
HiSouindranaasludonuusseneguamm (Object Classes into Captions) Tuduneugavie  ileldgunimidnly
Tuduuvavasetheiiuanuanisnenseldeyawuulifidiedna (Use for Zero-shot Prediction) egnslsinfiung
uATeTimUsrgndldtunisdufugunimdaiion (Content-based Image Retrieval: CBIR) Tngs1udfovos Le
wazAn [29] Ussgndldiuuy CLP anFeuidesunsmmisssunaiienssuunsasudlugusesiiuansisiuain
nsHnrudLsagUNneRudnvuzkuulnavealazAudnvaziuulanea WulAgInun1sRNHuRALN T
FomunwsTIIAn LA SsusnueIszrIgUamazteny edatheidusasudluguam
Uszneused Ju uazfimna wuidedfuauiseves Xie uazane [30] thiaus RA-CLIP fihdauuy CLIP snu3uuss
naissufuuuneunmaiuuuaaiy Taodlef Suwnvesguninuuaziiggunmuastenuiifanuadiondeiy
wnfignaingndeyadeds (Reference Set) Fsiliiedunadeyadmiugummiiunmdunsieduisnumneves
sUnmuvlugaatuayunsdufy (Retrieval Augmented Module) iloifinnnuwsiugilunisneInsalnauyte

o

A1nv (Category Label) é’mi“‘umﬁﬁi’ﬁLLuﬂgﬂmwﬁﬁmsaqm&Jamﬁam (Fine-grained Classification) usag1alsha
wiuidefinanunduazeguunuifnninisuiiuunounsad uifdadldysduusunmdseumnelagld
fonnudumassaui Suasifiu Contribution vesidei

2.3) nsUFuusamnilinesAlenisiseuseienuLes (Self-supervised Fine-tuning) usitagUunisAuau
gﬂmm%uﬁam%ﬁwmﬂé’adwaﬁﬂszﬁm%mwﬁwmsizuumﬁmzﬁuqa (High-level Semantics) fiLdususssy
(Concrete Concept) 88193mg (Object) Aanssu (Activities) wiewnn1sal (Event) waitumnanduadangAnssudld
TnsannagduAuguanlagldmnuduiusseninaunanszdugeiiidususssy uazunAndiduuusssy (Abstract

Concept) 0819813UnIMAZANSAN (Mood and Feelings) [31] saudndeiuludennudumniwsssuyid Tun

'
a

nduifunaidnuasfignuendnludfmeesufiunoiinduundnssdugeifugussauwiniy Wufiesuidetud
fjadonlosseviauunansedugaiidusUsssunazunusssnddheriunuuiaesmsfuAugunm 18semmneg
Sudunadnsanauided
2.3.1) MsUTUUTINSIT U VoI UUIINNITUILLIAANISUNNTE 8 ETDUNAY (Backpropagation)
WUuUTINsSaneIiunsiious mnmsmaianuianandldannisiisuifiouszninwadwsanndanuuiy
Ha ”Wé‘ﬁ'gﬂﬂi:Lﬁuﬂmwmﬂm@%mmwﬁaaﬂﬁmmmiqzyL?{ﬁﬁ]'}ﬂﬁﬁ%’uﬂﬁamﬁa (Loss Function) antiuth
Amsgaydeunldiuiladduiinussansaiw (Optimize Function) dmsudiuamsfiwesaldlunisSeuivessh
wuuitemMsAuAugUAmaInMsIIsUfisunuRdBndadinamne
ogalsfiR wunnspdvgediduussadunnfesUssfiunadeiaugnies uiemuusiug Jadu
Anveansifidervgy 30 v Whsnsududumidunsuszifiunannuvsnevesudazsuninlvaonadesiv
vénmeuiiamesivienl (Computer Vision) Awmanauandafidorva [32] Indufdisanmsnusumsiaiuuey
Funduansaumne (information Storage and Retrieval) Wioanuniiatos uaeiiuszaunsainsléaunefinnes
fuwmeiidn uandsueuiulunmsienfugunimedatiey 10 YUl mamdnnismsvaaeuiaie (Turing Test) [33]
Ajanaaoumaiuwvestigyissiviiusuiisuiumainuesmyed Tnewisuifisussninawanisussidiu

AMEINEYIgUN Mgy dunanisnensalanuinssilureseiiduandiuuuiiuannuvieves
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a

sunuldlndifssivayudunndesiiiods lnefifeaisdennuussenegunmiieSuienumng  139RnnmYes

q

vy o '

sunmdldannsdudugaony lnedennuusseregunmisaesglusuiuunwdingy Mnuulilideygus
AgyIUUTEEIUAMUVNEYDILUIAATEAUFUTIUINTTTUTINIY 400 FUNIM UNYAAIDINKUULEDNAIMBUTIQNABY
Wiesadaiiien WeSsuiisuiuranisneinsalthefdusenismeaiaseaoulnsd wietararnuuinzifuesie

mfuhinanisnensallndfiuAasafidesnisuiniesualnu (Error Measurement) mefleddu  n1sgeydenienld

Tunsdnuungunneie [34] Asaunisi 3

H(p.q) ==Y ... P(X)logq(x) (3)

ivual  p(x) fe dreiiuase (True Label) 31nN15Us2INYRIlBI¥ YR U one-hot AudenigiieIvay
Won whiu 1 lunmanssiudiuiudenilidgnifenaginiu 0
q(x) fe namswensalmutazifuvestheriiu

'
o o a

nnndl 4 shegrstherfuiifidemadentosiud 1 foudutheiiuats fudusadenddud 2 ds
5 QU 0 STavLR uuAn p[1,0,0,0,0] Tumenduiuilefansananisnensalanuiiaviduvestheriiu
nilsfdugendudndlusaudendi 1 e 5 WU 0.2467, 0.1262, 0.2418, 0.2166 waz 0.1687 AuEITY unuAily
0[0.2467,0.1262,0.2418,0.2166,0.1687] dlounuenluaunisi 3 fseandondail

H(p,q) =—1*log, (0.2467) + 0*log, (0.1262) +0*log, (0.2418) +

0*log, (0.2166) +0*log, (0.1687)]
H(p,q) =2.0192

NN 4 HaN1TUTUEUTENINHANTUTHEUANUNNEYDITUNNAINELT BT ARAIGENT 1 ASe

o w -

funanisnensainnuuvziluvestheiiuigagalududend 1 dwaliaiaseaeulnsy winiu 2.0192 Jaey

U

o

581319 0 §alddAn (Infinity) Tae 0 Asliifidgyideiaey wansdsnnudulalunanisnensalvesiiuuu mneaseda
wulnsUfiantes wansdeiuuunensalnnuinasduvesemiugndemsaiunalssfiunndidessgylietg

fila sssfuduudnanensalanuinsiivresdemiugniewaiidanuiasdules Apseaoulnsy fagien

ISP '

N wWwigaturanensalnuazduresthemiuiligndeudasiidmuiiendugaievilidaseaoulns
Yunenyluse

2.3.2) nsisgugrvuyadeyaiinnmuaies (Retrain Network on Custom Dataset) lngeinisgayided

°

AleanMsUTe U UTEnIHAN SUTEEIUANUTIENEYRITUANANG LT B YR UNaN 1SN SRIAI UYL

&

Hureathoriifu wagnan1sUssdiumnunnevesguamangiderngsiuamannniimeseimiin (Weight)
Fefuagrilianunsausumniwesfifnanssnutuainisgaude weliamsgydslunimmeinsaitdosiigan
uAansurnszanedeundy (Backpropagation) AeuazihluiFeuidndnadadenaieudtenuiesuugndoya
Flickr30k $112u 31,783 JUn1n uandauafififoriusuiessiuau 92,168 sUam iy 123,951 Uam
2.3.3) N5138UIANUASIEARUTIANUMINEMEALDY (Semantic Similarity Self-supervised) [35] e
fuuuldieuisuiieansinadnuusndinumnglugiuuuwnfeiifunussamesgunmuugadeyauuuinte
mAusnlugl® (Automatically Labeled) Lﬁadmmwmﬁ’]aadﬁmsﬁ'smimﬂgﬂmwﬁvl,ajﬁi’]L“ﬁuéfaaﬁﬂwﬁﬁumwﬁw
(Unlabeled Image) unnosdvraninvdmsunisaum waglauselogdannanudunus (Relations) #3923
\Aedos (Correlations) s¥ninenuant@vestoyadunaiiunnsiadiy lnssduliuuusiasusousnisuans

AnuvnefeIiuteya antugeaus (Knowledge) Mllunadnsannisiseuimenuesazgnanslounsiseusly
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gavudaeunelddmsunundn (Main Task) weiatheifudeyalvfiugunim (Labeled Image) wW3iguiiguriu

o

wnAnsRvgslugtuuuusssuvesgUnmiildainnisisousanundieadadennnuming (Semantic Similarity)
newarvasudunnmesaudnvazgunminiulilugafeduiegunim (Image Description Set) sty

3) N198319 (Construction) LLUUﬁWaaﬂﬂﬂiﬁuﬁu'gﬂﬂ’]WL%ﬂﬂ’J’]ﬂm&J’]EJW@lJUW%Hﬁ’JEJmiLst‘c’JuIUiLLﬂSJJﬂ’W’]
Iwseuuu Google Colaboratory Lileanszaziianisusznanaveaios iasanaoufiumesilumsiFoudvesi
wuv 1 adsenaldinanis 2-3 $lus usiuu Goosle Colaboratory tuagldinanuszanas 30-35 wil Sﬂﬁgqmil,%'auiﬁ?u
anafewhmaneduassluauimansdosnss ﬁaﬁ?umsﬁauﬁmmﬁaLLuwuﬂamﬂama%ﬁﬂﬂ%éfaﬂ%nmmumm

4) NSNAFIULAZNIINAUNINTIEULT (Testing and Turnover) oUsziiulszd@nsamuuudiany

¥ '
= P =1 =

nsAuAugUMMBAUInguuUlinTIuIwIuRaaNSNIgNAes (Order-Unaware Metrics) [36] MldAuAuLLaN#

Weades 1wy Auduilenuiodflevuivledninadnssviumnnuazldaunsassyduunaansiigndosianuale

U

o v

Ineg i3y szytennuAu et uIeANUNINEITINNAIMYBIFUNN (Qualitative semantic concepts of the image)

lugduuun1wdengudiuiu 30 518015 nelduulAnseavgevessuninieyludnvasuiusssuvuyadoys

'
A va v '

Flickr30k WagyadoyailiiTe3iuTInes WiagsIen1sHanIHaans 5 U uddlididedvigy 3 v suiudseidu

U
v

KadnsIINNIsAUALLAarASUULludasEReiu Usynousme
4.1) Aadgdiunauvewinfu (Mean Reciprocal Rank: MRR) LitoUsgiiunuanansalun1sAuaugunm

YY) =

SUAULINTLNITOINUTDAMUAUNIINTIUIUNANTAUALYIILA [36, 37] Asaun1sh 4 1e Q Aeduiunisduau

o '
o v

Ve waz Rank, Ae dvivvewadnsiiieadesdudunsn filieamgavussiiunaguamnunruiiddesiidu

1 #mua1n 5 JUAMseTeANIAUNILAREIIENTS

MRR = EZQ _t (@)
Q 9 Rank,
F1981970AUAUNRT 3 518015bA LA 1) move forward together 2) feel alone in the city wag  3) strive for
victory ﬁci’mmﬁﬂizLﬁuwaima@%mmzyvhuﬁ 1 faensned 2 Srndediunduvesdidu winfu 0.567
M3t 2 awdudiumstudennudumlvauasuita 30 910013 wdlRFemng 3 viu Sfudsadu
duvesmadnsTIiietossuiuln IﬂEﬂ‘uLLG]Ia3S’]EJﬂ’1i‘i]3gﬂ%ﬁo’]ﬁU‘U@QEUﬂWWﬁQL%UN’@UiSLﬁ‘LlLL‘UU 2 Tu 3 pseniu
Frumnradnsansenshumlefiuenuiionndeuleiitnuassiediadvdunduresdivlusenisiuey

Wiy 0 Azwuu newdzA Wl luAtefudundure A UTINTEWIMUUINELTEIMY 3 YU

M13199 2 NMsUsElluAnafuduNAUYRNEIRUAINTBANUALM 3 T18M1T HIUNTTUTEIUNALAERI TR YITUT 1

Query Reciprocal Rank MRR
1) move forward Queryl: L = 1‘ =1.0
together Rank, 1
1
2) feel alone Query2: ———=-=0.2
in the city Rank, 5
} 1
3) strive for Query3: ——=-=05
victory Rank3 2
e 1 (1.0+0.2+0.5)
= =0.567
2‘1:1 Rank, 3
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4.2) ArruATUaIY (Recal) ludnsndimvesgunmiinesdes wasgnAufuesnunand uugunIng
Wedaevianun unudtuwIuRaansainnIsauaualg K [36, 371 Mgnldlunisusedivdiauuuiuiisednsainlu
nsAuAugUANIRgItasiutenuAumanglduvselil lnesiasananizsuamiieidesiudeninudum

Windu Avualy @ K WJusiuiufuredsignisinansanauaisuinivue eandeditnueinsaupuiiinadns

v
v o

IunnnuagliaunsaseudvIuRaansNgnsavuald daaunisi 5

U

Recall @k = TP@k (5)

(TP@k)+(FN @Kk)

HATNEAINTBAUAUM “move forward together” 31u3u 5 JUA MEldEdweyvinui 1 Ussiliudigneesdnuau

33U AN 199 3

A19199 3 NUTZRINAIANUATUN LTI 5 UMW Ak sUssiilunalaeldetvgyvinug 1

Rank 1)
k

Recall@k |1 _1_p33 |1 _1_p33
@+2) 3 1+2) 3 2+1)

=2-1.00
3+0) 3

(2+1) 3

NeNT199 3 eAnfunsivterudumluauasuns 30 sensudigdedinsy 3 v suiuusediy
ANUgNFBIvBINAdNS ngunmlaiinanisussdiuaindidetvygndesiviuaziioigunmiugnassniudeniny
AU Wi 1 Azwuu assiudumngunmlaffidemgusaiuinligndesusdiieainugien 9z fedngunmuulyl

gndias wiriu 0 Azuu newszdwaluainisnuasudiureadinuuangidesgy 3 viw

NaN15938

o

UITE

5y

nnUsrasAiionamtaryseidiulsyansnnuuudassnisAuauguaimganumiig laeld

fuuuNsiSudianfignilndudriLuuAsunTas Nan1sUsHELUsEAVEA MNSAUALIUAIZIANUINEUY

A va o v !

yatayagun1n Flickr30k Wisuiguiuynteyafiiidesiuniueieaadgdunaduveddinu (MRR) LagA1AI1

ATURIUA K 819U 7993199 4 madnsannmsduAugunmiannunineuuyadeya Flickr30k ANun1suseiiung
InelieIyavinun 1
NuITellianudAgaiuaaiaadau (Eror) Ao HARIITEUINAINTALANUATTLARSY 8RR TALe

IndtAssiuARsannuanadnisiatduiinnugnesgs [38] lnensinynasdniifanunainiadouinduiaue

a

wiseanidu 3 wila laun 1) Anueaandeuiiine1ngin (Human Error) duifinainanudssumduasiunising)
ANAAIALARZBULTITEUY (Systematic Error) dintinainaiesiiadnlilausyd@nsnin uag 3) Amnuaaiandsuids

@A (Statistical Error) @sanupainaaaulssani 1 uag 2 A11509AN5LARMBALTIUADY S8ainTE T LaznIs

o w

o A4 A v g va a a ! d' d' & 1o B v A | 4
WWUWLﬂi@QNa’JﬂiwuﬂﬁgﬁmﬁﬂWW LAAMUAAIALAABUUTZLANN 3 uuiummﬂmﬁmivmuﬂiﬂlﬂ tUDIIINDYUBNLUD

nsauan Jainldnisiadivane o asaiielinnueaiamdeuantosas dsudleasuseuazyiinsUsediudnau
AU 3 sousedaruAunIinLUUNaaNSITuSaszaeiy udnhnan1sUssluunmeanadeiiielinuraiantou

antoyasauddlusysuneausule famis1en 5
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=] YA v a a1 a v ' =
M990 4 NaaWﬁmﬂﬂ’]'ﬁﬂuﬂugﬂﬂﬂwL‘Zjﬂﬂ’s’mwuwwmumiﬂi%LZJuNaIﬂEJQL?ISJ’J‘U’]QJJV]’]‘LW] 1

1) move forward together

30) strive for victory

A58 5 ANRRYAIUNAUVBIEIAY kaTAIAINATUNIUN k d1iuaInnIsAuALgUAIN

Recall @ k
Dataset MRR
k=1 k=3 k=5
Flickr30k 0.628 0.585 0.664 0.761
Custom 0.617 0.572 0.632 0.731

1NANTNI 5 HaN15UTTEUUTEANTAINNITAUAUTUAINTIAMUNUIEAILARE U IUNTUVBIAIAY
wazAAMUATUEILA K S1duainnsufugunmandidensigyns 3 vinu Weninnsanasiuluseaden wuh

1) HanN5InUsEANS NN lUNIRDUSUMIEALRASEAIUNSUTDIAAU (MRR) F99sfiansanmnukiugnlunis

v oA

wAngunmly k duduusnuds azdesiansandieinguamiinainesdugunmiiesdesiudemnudumidugn

AuAunlududuilaludiuiy K suamiignAudu smnfiandilng 1 uansdnguamdduaulaluy k duduusn
gauuld naansnauideinuidnaiisdiunduvesdiuuugateya Flickr30k wagyatoyaiiiTesIuTINie

ANVINAY 0.628 Uar 0.617 muadu dunus K = 5 lngAladvdiunduvesdinuazagyioutanginssuves Ly

v o
[ v ¢

Aeansiitesmasnsiauesaulawingy [39] AslunadnsituiuuinanAuaue1vi i lddenaidadonsuaind
M39TUAUADINITRE1IUVR39 A Jansen wag Spink [40] nudn fldaziSenquenanslaiiiy 5 s1en1sfiAuA
fgaliSosay 28.3 wihluniSenaiies 2-3 s18n13 BnvieTerar 55 Azisenauadnsiiies 1 1en1see 1 AU
= o = = o ' = <, vy i v =
wazdlwwilduazanaasos 1 Faduidumnugayuamneansauwme esndululidesannigldazidongsunin
Y 7] = a °o  w o a | o = v ¥ v =
Pnuansrufunmun IndunisdelenadmsudlivndsunmunsduiligniSeng dadussuuAufuunnds

AowjufinAAuAsuiududu 1, 3 way 5 Mieferiudennudunidundniiionsvauewieninusoinsveslld
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2) namsAuAugUAMMIFInNIMNENAAuTBsUIBAITINeEI TR uANYBIgU AT ANAYIATUA LT
k &1du $1u9u 1, 3 war 5 sUnmuugateya Flickr3ok Bufidiainuasudiuiade 0.585, 0.664 uag 0.761
MUEU wansfensRnaudvTLUUABUNARsSENINgUA AL TEANYRILUUTIARIN SAUANFUNNARTIALY
Aumng ALt dgmdesinaumngldeguiussaniam uazdisatvayudlidedidulusuuuy
AMEsITUNATEAleeumImINBTsgUAN wula zEanundnlieinsalvesnim sgdlsifuuAnseiugaly

4 .

sUsuuwwsssuufianududou ieswnfionsualuavenuidndnniendes Aunisudarumnedaduluay

'
=

naNNs3uUvesUYEe (Human Perception) [41] FilfinnnUszaunisaivionuifuveusiazyanadwansaiu
3) HAN1SUT U UUTEANSAINANTAUAUTUNMMTIAN UG UUYATRY ATIEIT8TIUTINBINY WUden
ANNATUNIUN K §19U 9910 1, 3 waz 5 sUa miiuviiiu 0.572, 0.632 wag 0.731 awdnau LlsluTeuiiguiu
yadoya Flickr30k Avanldflnlusanuu wudi Aaduairuasudiuil k azanaudndeswaziduldludiania
= LY~ B v i v I & 1 Y LW D v °o v w1
Wiy GarnanugniesazAinuasudiuludslevisegldsnanguiuly lnegldaglinnuddgyduaining
gndeannniiauasudu iesnglédnlngdenslideyaidunadninnseius idosnisdum usilung
navfiusruuAuAugUMnuazuluisauasuiau Weswndesn1sissuuAuAugUn miigndesnyadeyal

lpanndian deuanidedeludemsinussansnmussiuuumeainnugneieanUsenausie

afAUsBuaaTUNaNTIY

a Yoo

Han15UsEIuUTEANEAMMSAUALIUAMMBIAIMINY WUl 1) Aeigdiunauresddu (MRR) uuya

1% { va o

Foxa Flickr30k uazyndoyaifidususmasiiiminiy 0.628 uag 0.617 suardu fdums K = 5 Fsfiodneglu
sefufisonsule Weisuiisuiuauidoves Le uagane [29] szyndlddauuy CLIP uiFouiredue
AMWIsTINTIAT D3I UNTasudluy LRI UANA s Y dAnedsdiunduvesdiduriniy 0477 9uiduves
Bianchi uaz Ay [42] AUszgndlddnuy CLIP snldduduguamainnsinsudanuuliiFouideninuussens
sUnmiiulasnnnssnguiunwdmaniiiedsdunduvesdidusintu 0504 2) Aanuesudud k ddu
$117u 1, 3 uaw 5 JUnmuuaToyA Flickr30k tuflemunsudiuade 0585, 0.664 way 0.761 auddy ogdls
fanadnssumnnenailigldidsnandadensunminsafuanudesnisesnuiianse fudussuudufuguninds
éfmaguﬁmmm’mmuﬁaué’uﬁu 1,3 uag 5 L‘ﬁwé’ﬂLﬁamauauaqﬁaﬂ’;méfaqnﬁmaq@‘lﬁz’fﬁﬁLLu’ﬂﬁumsﬁfaﬂQﬁT’lmu

va o

adnIInNsAuAuTianasios 9 uaz 3) Aarwasuiiudl K ddudiuau 1, 3 uaz 5 JUnwuuyedeyadide
TUTES WA 0.572, 0.632 uaw 0.731 muddy ieSeufisuiurnanisdufiuvuuyadoya Flickr3ok tuay
anaudntiesusidululufiemadiontu uazliRedgmiduuuas Tussansamanaadevinuiuteyailsinony
1NDU aEhﬂ,iﬁ’ﬁi‘]fym‘u'amf']ammwmsjfuaqgﬂmwﬁumﬂﬁ%ﬁﬂﬁmﬂﬂ VAN E9anTDIINANUNNIETEIIN
ponfiuned {14 uarsUunmasemaiiauazisniseng q wirbu [43] nuitedelufsmslianuddysunisan
Fosinemnumnevesianudumngldmugludunsiesgianumnevesguain iileifinyszd namlunis

AupulvinseiuAuiensvewldinge
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aqﬂié’iwmmwgﬂﬁaqLﬁuﬁfum?{a%'aaaz 6.99 AAuutuguivuRAsioray 6.90 A1 ANusEANANTUIREY

Foway 7.05 warA1AuanaiNTuRAeTaray 7.15 Ineiduuune1nsaianndanasiiu J4s Miudseansaimee
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78 AdaBoost Wusuuuiiduszdnsamlunisnensalgedign nedaianugndesiniuiesay 89.47 A1A3N

wiugviiudesay 89.50 ArmnuseanviniuSeray 89.50 uazA1AUGMAaWINTUTeYaY 89.50

AdAeY: Muwuumung NsSeuiikuuTinngy nsilnuinvesiudin

Abstract

This research proposes to compare the efficiency rule-based predictive models using ensemble
learning techniques to improve the predictive performance for graduates' Employability. Four rule-based
techniques were used: MODELM, PART, J48, and Random Trees, and predictive performance was improved
using ensemble learning techniques based on Boosting Method (AdaBoost). Moreover, 10-fold cross-
validation was utilized to split the data into the training and test set. This research has measured
performance models with accuracy, precision, recall, and f-measure. The experimental result demonstrated
that improving the performance of rule-based predictive models using ensemble learning techniques can
increase performance for all techniques, that the accuracy increased by an average of 6.99%, the precision
increased by an average of 6.90%, the recall increased by an average of 7.05%, and the f-measure increased
by an average of 7.15%. The predictive model from the J48 algorithm combined with AdaBoost highest
efficiency with accuracy 89.47%, precision 89.50%, recall 89.50%, and f-measure 89.50%.

Keywords: Rule-Based Models, Ensemble Learning, Graduates Employability

unin

Jagtuusazaeiivadiogduionsfnuifiodignaiaussnuluauindnmunguedneis 4 uazau
Usstannuitudinauladuswoumnn andugeudnwiusazwsidldiinsdaiueyaninznsiaurivestudio
U @S sreznatlum s dnwagendn Wusu Wethdeyaildundunuamdlunsiaun

= = = Y v

wanansnisieunIsaeuiendaadiniiinanim assiuanudesnisvesnainwssu Fdladaiududszaluusas

9 uardoyaigninuiviinuunniusasdeyamantuliosdaudddytousy mahdoyauldlmaauselon
ansatelumsiavdngaslriidnenwlunsudeduionsuaussaudesnisvesnainusssldegiauriads
nsviwilesdaya (Data Mining) [1] Aen1syimadanisiSouivecades (Machine Learning) 3838013
nsadAyimsinseideyaidafulilugudeyariedaiivluguuuudu melinseiuuliuanuduius ves
Yoyadurnuiiigndeusylugiudoya iothauiasaumadilduldlunsinsest nununsdadulalusy
#naq maviniiesdeyadufinadafiannsauszgndldldunnune 1#inuisedunisfnumandeyaidoyly

anfugeudnuileediniiesoyauuszandldidudiuiuunn wu fegraidevestSyguazame (2] liinns

A o Y

Waileaundnuumaluladasaumaiisatunisaanisaiondnlueuenvestudinarvinaluladasauma
UNNINAEI1UAQUATINTENT d151guazan [3] lavinnisnisdnwimatianeinsalendndmsuinAnuiseau
Uygwiareuiiumesiagltinaliamileoya

wadiansneinsalinung (Rule-Based Technique) [4] Fudumedanisvounilostoyalaglilignd i
yosngunaiegUuuunsundssandeya dlngjudrazlingiidu if. Then Fadungedisie Idfimsmaia
mManensaimunguliluamAdesumsine Wy 193uns [5] Wszendldduuungnisneinsaliladeiifinasie

nsasansAnwvesdidnnuzandnenssumans fudloawazugiin univendeumansay uun i wazae (6]
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N

Igasneszuuyhuenisiuanmuetin@nuseauUsyaes Auginetrmans uinine desivdguisug

(%

ABmAlla
suliidindula (Decision tree) ingaglunisasneng Wusu lumsasesduuungnisnennsaliidedfiedesenisulana
Fuvuuasiiteidefouszansamlunsneinsaiilaigain FalsflnAteiinauemssumaiauntiewin
UsgAnSnmuesfluy 1wy Uilvnuazan? [7] IifisdseavBamdauuumung 16 FURIA, MODLEM uag RIPPER
mgmatialuuTINngy (Ensemble Techniques) %ﬁﬁﬂﬁmmmgﬂé’faﬂ,umiwmﬂsahﬂu%u
Fafuluunaeidediseduuaalunslivsslsminndoyaildinisdafuandrgnszuaunisii
wilosdoya ielsiliunddoyafiiuszansamaniigadenisiannduuunisweinsalamungdmniuneinsal
Azmstauivestadinuaziindssansamimnuunisnensalmungfemadanisidsuiuuusung uls
fivszAnsnimanndeiu welianudnuldhluvssgndldnennsainnnsaiflnurhvesdudisldoguluguas

fUseansam

Waniiun1side
nssuUsEANS AL UUN TN salmungmemalian1sisuskuuTINngudmTuneInNsaln1gnI il

Nuvhvestudin lnglaaiiun1sniunsguiaunis CRISP-DM (Cross-Industry Standard Process for Data Mining)

Fudunsyuaunsuasgiulunmsinszideyadumeianiesdoya asuilunsouuuifn lidnind 1

Data Gathering

Data Pre-processing

!

10-fold cross validation

Training data

!

Testing data

l.

Model Construction

Accuracy

IF Jobstatis = Full AND Hometown = West AND Majcr = 1 AND Talent = A

e e Model
1
E [ Rule-Based Technique | 1
E | MODLEM | I PARI | Model Evaluation
E | 148 | | RANDOM TREE |
i
1

1| AND Werkplace = Cantral AND Salary = Madiurm AND Gpax = G4 AND .
Precision

| Gender = MTHEN Pericd = PO

F-Measure

combine

_______ ________ C Result Analysis )

AT 1 ASEULLIAANNTINY
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1. nsviartlaleynn (Business Understanding)

va o ¥ o

AnerIdulaviinsAnvidesduiiarinanudlatdymiasin wagldviinisfinvienaisaiug »uide

U

7199 ANEIT0INUNTESIIRILUUA NS UNEInsalnsluvesTudia Wsludiuvesnaiiaf dnladlun1siesgsi
Joya lneiiseavidunnsioluil

1.1 Anwrlegymn

aoUugaudnwusazuidladinisdaiudeyanniznisiiviuiwesdaudio uasdeyaiigndniuiivsunamnn

4

o ' ' o

wuazdayamartuiiosdanuiddgdeusy nsiteyamnldlifnusylovdansaviglunsiaumangnslvd

v Y

2)

o

nenmlumsudstunmsitvihnuvesindnu wazanmsanevaussmufssYeInaInLssld Ganisvimiles
Foyaanusavinenesiteyafidafuliifomesdeuiigndeusgluteyauntflunmsinsed msnausu uas
mssnaulaluitusng q Tadueened
1.2 nauiiiieados
1) wilasdaya
wilostoya [1] Wunidunudatelmiflssuanudeuegannlutiagdu Taslsgnussgndldluuny
nnesdnsliiresfunasguazionvuiieldlunisdadula nsrusunagns nsufuussnsliuinisuaznng
fudunusie q lussdns wilesdeyafumshauiidunsdumansaumaviossdanuiandoyavuelug) (e
sl duusslond nemilesteyafumsnaunaumanimaada Joyyiusivg n13391 uazgruteya
Wheeriuy
2) wadian1swensalnnung (Rule-Based Technique)
wmadanisweinsalanung (71 Wunswensaideyasieng Wudnuuiiuanmasewnveangid
dnwaguuy “IF-THEN” Bsngwilsq agnuansagluzunesy IF condition THEN conclusion 9ngUkuUnBsNTINg)
awUsznoulusiedeyaaosdrusedu (8] Ao dauusn drwdeuls IF szduduiiFendn ‘rule antecedent’ 3o
‘precondition’ Uszneuluseisnvesueniarequszneutuduiouly nsduteulvveangazviinisidesles
wan3darine dedudaeiedomans AND ilunisusvenindeyaasdoadulumuideulufignimual e

luduiansazisendn ‘rule consequence’ MAElvLIANLVDITBLAUTIIOY

]

£
o A

waansngnsainungitanliuieuieulumide Swou 4 meda T

- MODELM [9] ifumedlaiilfifeasrangddmualidmiunmsduunussianiiivszansnmuasiiia
anugndaslunissuunyszianlnenissamsisuundsziameing « Sane3fiungniseuids (Rule Induction) fi5enin
wiadla MODLEM Tunseuvesmaniunuseinnsiniu loun bagging, n 2-classifier uay combiner aggregation

- PART [10] | umadanisisoudngisiauneain C4.5 waz RIPPER Tapsauits 2 wadaddaefu
figaiude Bouingldleaniioumaia RIPPER uazanunsadanisiudoyaiimeluuazandnuasnsinauiisneiu
1o

- Jag [11] wi3edane3fiuves C4.5 Wudanesfiulunmsaswiulidedulannnguvesdeyaiinasu Ineld
anugniosvetusaraudnvazvesteyaiiielfilunsdndulandengudoyanguees 9 lnsfinnsanaindiaiiy
uansdly Entropy HadnsaInnsidennaidnuazdmiuilngudeyasien normalized information gain figsan

- Random Trees (RT) [12] Mdmsuigminissiwunyseianuaznisannss (Jufi sauvesduldly
nsnennsal (tree predictors) Mi3endtn iuvidunguveslunaiiionin Ensemble leaming Aifindnnisfie

mansuluwmanuilouiunanss a3 lnemanadsannisneinsalvesuuuitassimudaszvanss wuu
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3) NMSPUFUUUITIUNGY (Ensemble Learning)

madeuiiuuTiungu [13] 1uisnsrauenguvesidiuunUssiandoya (classifier) fiadstuvane ¢

LY

ssunwazianuiudasysetuuifiansansiudu wWevrelunisdnduladmsunisvaineulaslddiznissiu

'
a [ =

(Combine) w3ameiEn15lmn (Voting) wialilawadnslunisduundeyaiiliuseansaings dsnnd 2

Original Data

- _ T
Data 1 ‘ ’ Data 2 "1 ’ Data m ‘
Classifier 1 Classifier 2 Classifier m

Vote/Combine

A 2 lassaiaiiugIuvesnisissuiiLuuTIungy

v

P o d Y W ' v a Y o o v A v o
FINNTNN 2 UTUMDU AD 1) aﬁqﬂmaﬁﬂaﬂhﬁﬂﬁﬂﬂm@%aLﬂﬂ 2) ﬁi’NGl’Jf\]’lLLuﬂmﬂ%a%awﬁSN A 3) FIUR7

FunfasafuiiedieuinsuImAmey unadanisifeuiwuuniunguiu dinadasgaieiy 3 wuu As

a v

Bagging, Boosting Way Stacking d1w§u3insiiiuseansnmuazinnldlusuddeid fe Boosting Method Failu
Fitouuarlinutuogaunsnae

Boosting Method [14] 1{u3smsiFeuduvusunguiidesninnaissuuunsouiiuusungu Tngld
nsesenmiinlstudeyadegnaiiliviinisdens Tnsdulufinmsmanufanaiafiisd uannssuiunisgeus
foya Fond1 “Weak Leaming” uaglutunaugnineasldissumduuntssianiiadsdumans q dduunlag

Asannanadslun1sasdmin (Mean Weight) uagiinislmatiielilanadnwsiiisesrinoutfeidmsuisns

v
1 =

U89 Boosting Afeunld fe Adaptive Boosting (AdaBoost) %dgﬂwwu’muiml Freund, Y. lag Schapire, R.E.

v o 1 = v

A8n13vee AdaBoost AgvinisawaAnimnliiuteyadisgeiigniseuivesusasseulunisaisiuuy lnedeya

Y

v
v v

ﬁaasmﬁv’l’wmiﬁmuﬂﬂszLm/ﬂ,mﬂmawsgﬂaﬂmﬂmﬁﬂm dau“ﬁagaéfqaﬂwﬁﬂ NMSIWUNUTTLANRANAINZ YN

Y
v
=% N

S o va o w { vy & d = v i aa ° 1%
ﬂ']u'ﬁ/iuﬂiwﬂﬂ'ﬂ’]ﬂﬁ’]ﬂ@uqﬂmul,waiﬂmaﬂauumiaﬂ’]agﬂLaaﬂiuﬂ’]ﬁLSUuzm@ﬂiaUmalU LLﬁYﬂQ'—JﬁﬂWSW’N’]u‘lﬂ

AN 3
2. mavhanudrladayaiidaiu (Data understanding)

Judumeuidusiuainmsfiusivnudeys waanntuazidunisassaeudeyaiilavinissiusimanldiie

pANgNAesuatlaya wariiasandnaglddeyanuaviodondoyauisdiuanldlunisiasest lnediduneudsil

2.1 maususaudeya (Data gathering)

P o v v o

Judumeuiisuduanmaiusivsudeyafisztdmnadaduwuy Jsdeyaniuildlunisadsiuuuldh

U

o
o

N15TIUTINAINTRYANIENSHNUIveT MU INe e T ¥A g uATUTH AT WA 2557-2564 FIUIUNIEY

13,548 szAlou Inedszdounauysalanansadnnldladiuag 11,971 sudou uasiduunmdnuuy (Attribute)



21478, alu. ASsefunIHinesE 57 97 9 211U 2 NINMAY — TUINAY 2566 |

Classification Classification

—
Iteration m
e

Iteration 2

Iteration 1
o

N

Combine

i 3 Boosting Method Wuu AdaBoost

fanun 20 Audnuae ndsntuasdunismseaeudoyaiiviinissurmald eganugniesesteyauas
finsaniadlideyatmuaviedniusendonauinuusuisduldlunisinsmet fnadnvazidndenulily
nsafrsiuuulddanadnvasilifinasonisaiisiinuy 1wy siatndnw o uwana lwesAnse wyisou auld
ArdnvETIas LT uREY 13 Aadnva

2.2 m3yasunedaya (Describe data)

'
=]

a o 1%

inseturedeyaiinainasiesiinuy Wy eSuieisnadnuudng 9 lunise efuietadnuusvesdoya
thanld uazvinsussdiuindeyedildnasafuanudosnisvielsl wanseazidonldfamsed 1

1NN 1 adnwaisd 13 szegnansldnurindusudnvasiidunguvesdoyailélunmsiuundoya
lnguvssanld 7 ngu laun 1) laewriudl 2) ldauaiglu 1-3ew 3) launiglu 4 - 6 Wew 4) laanu
aelu 7 - 9 weu 5) lnaunelu 10 - 12 6eu 6) leauwinnan 1 3 uaz 7) lasuszninedinw

3, mim'%ﬂu%’aga (Data Preparation)

va v

TuduneunsnssndeyadviurinniiosdeyafivzirlUldlunstasei fIdeldddeyaildainnisifiu

U

FWTdeyaIINTuReunaunt Aol

'
= v A

3.1 119911AMUEE1AT0YA (Cleaning data) LiTBLTINAMNINTRYATIgNARGEDNUITIUNTIATIEN 19U N3

Y

uwnurrdayanvinmely viensunuASIAuTvIEaLvetoya
3.2 indadayandadudauni (Outliers) Yasasuniu (Noisy Data) Teyadanuliaennd oy
(Inconsistent Data) Ingdan1sliiiinaugniesauysal

3.3 n1suUastaya (Data Transformation) Wuduneunisulastoyalivansaudmsunisldau lavin

Muvastoyaflldinnaiusiusium (raw data) naneuteyafianunsatilvimseilududaluldlasganis

wlastayalinsamunsnesgazidunnuanyne wazlunuideadely

[

aviladenlalusensy Weka unlglunns

aseiuuudsssadnnssuniiunuledluguuuulng arff
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M99 1 TeAzBLnRaNYY

A0u ETh) AN95U"Y

1 Gender LA L

F=9¢ M=9

2 Major a1v1397 (BAaNUIVINNTEUUVDS ISCED) 19U

1=Wsunsumld 2 = msfinw 10 = guamuazadainig

3 faculty AMENAN®YT LU
1 = nduawinemansuazinalulad
2 = NFUANVINGIMARTFVNIN

3 = NRUAFIANAIERSUALLYBEAIENS

4 Gpax \nsnRdazal 1wy
G1 =0.00 - 2.00 G5 = 3.51 - 4.00

5 Honor VSRR WU
First = \asAteududu 1
Second = \WgsATNEUBUAY 2

°o & =
Non = @1L33N13ANY

Y

6 hometown Qﬁmﬂﬁum%’w‘ﬁmﬁﬂuﬂﬁé%m L

Central = A1ANA1Y West = A1AsRzIUAN

7 Jobstatus A0NUNINAITVINU LU
Full = yIauusean

Free = YNUdESY

8 Jobtype USTAMUTivi s

Gov = T151NTAIMNNNUIBUST Agri = INUATNTITU

9 Talent ANMNAILNTONLAY LU

A = Mwaelsend B = nsldnouiiawes G = nsAuIu

10 Workplace pilaadmianlaeui 1wy

Central = A1ANA1Y West = A1angiuan

11 Salary Gudiew/eldndeseiiou wu
Low = #n1 10,000
Medium = 10,001 - 30,000
High = 3nn31 30,001 Fuld

12 Match NuiivhasstuaiBey Wy
Yes = $139
No = limss

13 Period SLELLIANT AU LY

P1 = lgawiui  P7 = laausenine@ne
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4. nMsRALIRLUUNEINTal (Modeling)
AMsWALFILUUNE1nsal lawaluilagyinnisiuseuiisuiiommatalunisneinsaln1ign1siauying

wanzaufutoyaiiliszaniamiiaga nswensalmungiivhanliuieuiiovlunuids 1w ¢ mada 1éun
MODELM PART J48 uaz Random Trees ldfifinsz@nsammnsnennsalmungsnemadansiSeuiuvusiungud
Yul#luaudsed Ae Boosting Method wuy AdaBoost

5. N3AsIEUUTEANSAMNALUY (Evaluation)

TusmAfedldnismasouaruuduassvesiauuy feimaiia 10-fold Cross-Validation tielidagayniad
lonmaduganaaeunasyndeu lnsuustayaseniduyadeyadeutartayavaaeu lnswlseyasendu 10 du
whe fuld 9 daudugedoyaaeu uazdn 1 dauduyadoyannaey Faazaduiuauasuimun 10 seu udah
n1sinUseaniamvessiiuuureusazinailaunvitnismaassdisuiiiou lnednainAinugnaes (Accuracy)

ANAULUET (Precision) A1AMTEAN (Recall) warA1AMEAa (F-measure) LilaMAILUUNUTEANSAING

fian

nsmsaRaeuUsEanSamvssituuluudazmaiaifitwussudioy Tagldranugndeswesiouuy
whenhmsdendoyadmiuiFeus (Training Set) wardoyadmiunaaou (Testing Set) yidfedidentd3Bn1sdu
\EondoyauuuAITiBsnss k ngu (kfold Cross Validation) n15¥nA1UsE AN armvasdanuuiuazendy

Confusion matrix [15] TWANSATLIUAT WARIFININT 4

Predicted Class
GG Cs

Cy |Coa| FP...] Cix
Predicted Class _:5
— . v | G TP
Positive | Negative =
Actual | Positive TP FN S
Class Negative FP TN Cx |Cxy| FP|...| Cxx
(a) (b)

ﬂ’]W‘ﬁ 4 Confusion matrix [16]

o True Positive (TP) udnnudeyauszamduuin wazgndwuntszaninduuin
False Positive (FP) {udhuiudeyauszinniuau usgnduunussavinduuan
True Negative (TN) Wudhuiudeyaussinmiuau wazgnduunusuinninduau

False Negative (FN) udnuudeyausznmduuin uignduundsznninduau

v
Y o

FaitaTiannsasuinidéan Confusion Matrix
- aauiug Wumstannuulugivesiauuu TneRansanueniiazaand seaunisii (1)

Precision = TP / (TP+FP) (1)
- fhewszan Wumsiannugndesesiiuuy Insfiansanueniiazaana feansi (2)

Recall =TP /(TP + FN) 2)

- m1puana Wunisineanuwiuduarainussdnniouduvesiauuu lnefiansaweniiazaana

faaunsi (3)
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F-measure = (2 x Precision x Recall) / (Precision + Recall) (3)
- ﬁhmmgﬂfﬁm Lﬂumi’a’mmmgﬂéfawadﬁaLLUU Imaﬁmimiamﬂﬂma Ao 91U True Positive VBINA
AanaTINY Feaunisil @)
Accuracy = (TP + TN) / (TP + TN + FP + FN) (4)
6. nsulu149u (Deployment)
thiuuuiiafigaanmsiisuiisudssansnnduuunmaensainungfildifinussavsamiemaia
nsiFeufuuunungudniuneinsalnsfiouriesdadaluldavluaniu@nviiloatuayunisinaunuuas

v a

fnaula

Nan15338

mMswafILuUMweInsalnangfildifinussavsamiemaianissuuuusmngudmiuneinsal
A5HIUINYRIU TR miwmmaﬁmmgﬁﬁmﬂ%’m%wLﬁsuiumuif{’fa 13U 4 wadla lawn MODELM, PART,
J48 way Random Trees IfifisdszAvBammsnensaimungdemadanisSeuuuununguiithanlflunuided
f® Boosting Method WU AdaBoost ¥1N157533a0UUTEANTAINYBIAILUUIINAIAINYNABY A1AIIHLIIUEN
AIANTEAN LAZAIAINAAA TneldvinsiSeudisunmsnennsaimunguuusaiuiag nsnennsaiaungdils

WinUseansainnisnensainiungmewaianisiseuiiuurungy asulanwisned 2

A15199 2 HanisasIvaEeulsEanSanlunsardanesTiy (Seuay)

Algorithm Accuracy Precision Recall F-measure

Rule-Based Technique

MODELM 68.42 70.40 68.40 60.70
PART 77.19 77.00 77.20 77.10
Jag 73.78 74.80 73.70 74.00
RT 78.94 78.90 78.90 78.90

Rule-Based Technique + Boosting Method

MODELM + AdaBoost 70.16 73.00 70.20 63.70
PART + AdaBoost 80.70 80.40 80.70 80.30
J48 + AdaBoost 89.47 89.50 89.50 89.50
RT + AdaBoost 85.96 85.80 86.00 85.80

wailn MODELM lgnanisinuszansninesil AIANNYNABY LAUToaY 68.42 ANALLNUE WY
Yovay 70.40 Arauszdninduiesay 68.00 wazArANENaaAUTesar 60.70 Janada MODELM ALy
UsyAvBnIndae3s AdaBoost Idiall Anaugneies wiiufesay 70.16 Amarmutuvintuesas 73.00 A1
sEniniudesas 70.20 wazAANaNmaminiuiesas 63.70

wada PART ldtan1sinuszansnndall arnnugnioswintudosas 77.19 Aanuusiugintuiesas
77.00 FausEAnuinfuiesas 77.20 wagAaudunaiiuiesay 77.10 Fuvada PART fiifiuuszansningae

78 AdaBoost ladatl A1ANgndas wiriuTesas 80.70 A1ANuLugwiuTesas 80.40 A1AUsEANWNAY

Jeuaz 80.70 UazA1ANANAAINTUTeEAE 80.30
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wiada a8 Tuan1sinuszavsnndall Annugnies wirdufesas 73.78 Aanuwsiugintuiesay
74.80 A wszAnvinduesar 73.70 uazAIAnuaNnawintuSesay 74.00 Funadna J48 MdisAnS e
35 AdaBoost Tédsil Aranugnies winfufesay 89.47 Araruwiudviniudesas 89.50 ArAusEAnIRY
Foway 89.50 warAIAINANAAWIAUToEAE 89.50

wefla Random Tree Idnan1sfausyansnmesil A1ANNABINTUTREaY 78.94 AAuwiug iy
Yoway 78.90 AnnusrAniniuosas 78.90 uazAmuanalinduTesay 78.90 anada Random Tree 7
indsEAnsainde3s AdaBoost Iddsil Arnrugneaindudosas 85.96 AAuutiugvinAuiesas 85.80
AANusEaNWniuTesar 85.80 wagA1ALaMAaLiuTosay 85.80

diedAAnugnAewUSEuis Ui dane3iuiiusyansnngegaanunsouanalanannsad 3

A15199 3 ﬂ’]SLU%EJULﬁEJUmﬂ’J’mgﬂéf’eNGUENgf’JLL‘UU (Soway)

Algorithm Accuracy Algorithm Accuracy Improvement
MODELM 68.42 MODELM + Boost 70.16 1.74
PART 77.19 PART + Boost 80.70 3.51
Jas 73.78 J48 + Boost 89.47 15.69
RT 78.94 RT + Boost 85.96 7.02

a

NMIUSEUgUAIANLgNABUBIAIRUY NuIFIkuLiliaIndanatiin J48 NuudseanSainaieds
AdaBoost fUsyanSnmanan laediamnugnaesiniuesay 89.47 Faiiuduiisosay 15.69 Al AzEITed
WendauuuInNgane3iiu J48 MiuUseangnmaae3s AdaBoost lUNmudILUUNEINTAIN1IZNTRIUYINYeS

Taudinsialy wazmedrangildainduwuvannsasansliiuiisanuiglunisweinsal fsnnwi 5

IF Jobstatus = Full AND Hometown = West AND Major = 1 AND Talent = A
AND Workplace = Central AND Salary = Medium AND Gpax = G4 AND

Gender = M THEN Period = PO
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Abstract

The purpose of this research, in the study of total premiums of monthly life insurance companies in
Thailand during a period of 72 months from January 2017 to December 2022, was to study and compare the
forecasting performance of four forecasting models, 1) Decision Tree Regression model, 2) Random Forest
Regression model, 3) Support Vector Regression (SVR) model and 4) Polynomial Regression model. The
forecasting efficiency was compared in the four models using Mean Absolute Percentage Error (MAPE) and Root
Mean Square Error (RMSE). The results of the research showed that 1) the Decision Tree Regression model with
1654.00 of RMSE and 2.93% of MAPE, 2) SVR model with 5560.59 of RMSE and 9.03% of MAPE, 3) Polynomial
Regression model with 6283.63 of RMSE and 11.36% of MAPE and 4) Random Forest Regression model with
6723.438 of RMSE and 11.76% of MAPE. The model with the suitable forecast performance is the Decision Tree
Regression, but the Decision Tree Regression model is not suitable for long-term forecasting, so then the SVR

model was chosen as a better fit for long-term forecasting.

Keywords: Forecasting, Decision Tree Regression, Random Forest Regression, Support Vector Regression,

Polynomial Regression model
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' v v
sala [ LY a v A=

\ALUUITABATa (Radial Basis Function) Tinadnsifiantudoyaat fifunuideidddieosiamuinioanda
Jumesiuaileidu

AuuafIkUsnuAeAT Net_Premium wasfaulsiimdefedunusdase fuun type 11 ‘eps-regression’
dmdusudsmuiiludnudeiios wagfmundmafinedidud default

AIUUUNITONNDENYUIN

dmFumsiasginisannauny §iseldhnmmaseuiennasdesiuvesyndeyaiilidmivadeiuuy
1A8ATIIADUNTUINUIVDIANNAALAGBY ATIIADUANLWINALTBIANLLUTUTILTBIANLARIALARBY LATATIVADY
aududasziuresanuranmndou elin1sdinszsidell lunismsaaeunsuanuasTesaLAaIAAG DL Y13
Vade UANNAF UM EaRAMAZBUYD Kolmogorov-Smimov (iesannduiudeyaiithanldlunsiinsigsiunnndn 50 Av)

WU ANAAIRLAABRULINITWINWIILUUUN AN SZAUTEEIAY 0.05 TneliA1aia naaauLiiiu 0.06 wag p-value WAy

0.20 KALIINNITNAADUANUAFIUALATANAADUYBY Durbin-Watson wud1 Arafifinageutiniu 2.10 Lanadn
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anueraaedsuludassiu Breusch-Pagan wWud Aadifinaaeuwwinfu 1.17 uay pvalue Wiy 0.95 wanei1 AN
wsUnuAnuAaanAaun fissdutedidy 0.05 Mnnemssasuteonnaudesiuresmslinnesinsannesnu
wut Wulunadennandesiunnusznig

Tumsasrsfnuunisamaeennalulsuns R §3381dMds im() Tuunninade caTools [17] Tngrmuells

Fawls X W szezan Ut udusiodou ALANNIAN 2560 — SUINAL 2565 LATNAABUNANSITNLNSdLl

YRR UUINASIETdsasanduninls Tneneaeuidalusesu 2, 3, 4, 5 wag 6 nan1snaaauLdusan g 2

LVANRE ]

Polynomial Model Degree 2 Polynomial Model Degree 3 Polynomial Model Degree 4

Net_Premum

Net_Premium

Net_Premium
N

Polynoméal Model Degree 5 Polynomial Model Degree 6

Net_Premium

Net_Premiun

1Y

i 2 nsdeyaleuseiudesusinase uasloyseAusunuilaannnismensalanfluunisanaeenyung

@ |

7AWV 2, 3, 4, 5 uay 6

]

WuIMRUURSmdiniu 5 wa 6 lanwaensnideyaleuseiudesusiuvesusendseiudinlulsemalnensyaie

9E70U 9 uvawIluUNEINTalNANIFIRUUNIIMEWIAY 2, 3 way 4 uduuuBedimasgasyilinanisneinsal
YntoyaniloguiugnTu uwidwuunliesnuntulznensanavestoyaynrilaenuazdutoundnmu Fe1aagyiling

@

vasnswensadlinssiudeyaninuduass Jymilisnsendn Model Overfitting fetiufdumnzaudmivnuideiife
maawiniu 5 azldaunisanney aeaunisi (6)

2 3 4 5 )

YAt:O.12X+O.09X +0.08X"+0.08X "+0.07X
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log#l Y, fie Jeya o oAl t

Ao AmeINTalveIlaya o LIl t

'_'_'<>

n Ao Iuudeyadietn
NANI3IY
nsfnwasalldmaidanisifeuiveunies 4 dawuu Ae 1) n1sannesruldidadula (Decision Tree
Regression) 2) N150An08uwuuy1gu (Random Forest Regression) 3) unasatinimesdmiunisannse (Support
Vector Regression) kae 4) M15ananeenyuii (Polynomial Regression) lumsitasiziivennisnensalivangauiign

dmiudeyaleUseiudeiunuresussndseiutinnedeululsemelng lngihyadeyadiun 1 wasiesdnuuns

WeNIal Namaszagulanad

nsannauduldnndula
INHANITNAADY HIve e ausNavewdeUseiuiasUTINAS uLAaLAaU 591 72 1hau wartdeuseiusu

U

silanmsnensaianndwuunisanaeeuliidaduls duuvunisannesuuutidgy Muvudnnesannnesdmiu
MINNBY UAZMILUUNITIANBENYUIY AeuandlunIng 3

Decision Tree Model Random Forest Model

Net_Premum

Net_Premium

(n) (v)

SVR Model Polynomial Model

Net_Premium

Net_Premium

time

time

(R) (O]
i 3 nadeyaleuseiudeiusinase uasleUssAusunuilaainnisneinsalann (n) duuvunisanaeesuld

Andula (v) fuvunmsanasskuulidy (A) dkvudnnesanmesdmsunisanney ey (1) FIMUUNITANABENYUIY
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namdl 3 Snwagnsildannswensaisndauuuita 4 fuuu Dudsd

Al 3 (n) Muvunsaeneesuliifndula Snvugnsmiinistuasuazdoyaideussiufefunuvesim
Usgiudinlulszmalnednilvgegmuduvosianuuneinsel dudermeinsalainduuu nsanaessulsidadula
fidnuundlndsuaaie nmil 3 (@) Fuuumsoanssuuulidy Teyaidsussiudefunuvesuivniseiudisly
Uszimalneanilngegueniduresiiuuuneinsal dufermeinsalanmuvunisanaesuuuingy fdnwazsinaained
939 amidl 3 (A) Muvudnmesannimesdmiunisannes Teyaifeuss fusssunuvesuisnssfudislulssmelne
nszageyTeu 9 WuvesLuUNeInTal dufedmeinsainnduudwnedanninesdmiunisanass fTdnuwazvis
NANT3 A 3 (9) dauuumsnaneswua TeyaidsusriudefunuesitnussiuTinlusalnensyaisey
59U 9 uvesluunensal dufeAmeinsalandiLuumsnanosnyuy TénwaziaINAI93s

agUldidmensalnnsuuunsanaessuliinduls fdnwasdlndduaasanniign WeiSeuiisudud

wuunsanneekuulIdy Mkuudnnesannmeidmiun1sanney LarfikuunsnnneeNUY

UsziuUsZaNSANUBIAILUU

AidpUssiliuyseavianvesiuuulagiuSeuliigu i RMSE wae A1 MAPE 909714 4 fauuu lakaransed 1

A15199 1 Nan15UsEINUSEANS AN UUNTHENNSAl

U52ENTNINVBIAILUY

fAUU
RMSE MAPE (%)
nsannseduldinndula 1,654.00 2.93
nsanaasuwuuUgu 6,723.48 11.76
FnasaINmasavsunIsannaY 5,560.59 9.03
N130ANBENUIY 6,283.63 11.36

NA599 1 wuhduuunisanasesulliadula ﬁlﬁmmwamﬂ?{auﬁ’]qm Ao A1 RMSE = 1,654.00 wag A1
MAPE = 2.93 589a41NAafLuugnnasannmasansunisanaas (RMSE = 5,560.59 , MAPE = 9.03) fuuunisannae
NN UL (RMSE = 6,283.63 , MAPE = 11.36) LagduuunisannasiuuUiay (RMSE = 6,723.48 , MAPE = 11.76)
puddy Hude Muuunisannesdulidadula duszAnsamAiaadeisusuiuuunsoaoesuuung fauuy

FNNDTALINMBTAIMITUNITANNDY KALAILUUNITANDDENYUY

afUsguazaTUNAN1TIY

MnmsAnwmu Fuuumsannessulidadulaiiussansamiiandefieutufuuuia 3 desanlian
RMSE uaze1 MAPE fnfign uazimmrafviliiuuunsannosdulsifadulalsien RMSE waze1 MAPE svitgn o1aidu
wsgnsnnnesdulidindulassidendusianldlunsaidnuuiissdduduuasdldsuysifanuduiusiy
Ameuud Aazlaildmnduusluganisious widesnduvumsonnsesulsidadulalsivangdmsunismeinsallu
szezen Llesnduvunmsannesduliiaduls 1aedslundaznguindslmdudmennsal uazdulsdaseliidy

o = a1’ A o ¢ I ¢ & oA o Y v o
AnANPALTU 1, 2,3, 4,.. Lllﬁ]‘vnﬂqi‘wEJ']ﬂimigEJSEJ']'JQ%IWW'WWBqﬂimLﬂuﬂqLﬂﬂﬁﬂULaﬂJa LLWG\’JLLUUﬂWiﬂ@ﬂ@UW‘U\lN
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v
U a o

dndulawunzdmsunisyinunglussesdu 1 89 2 929387 A9udmsun1sUsTaansalUeusenuigsusiuvesusen

Useiutinluusemalngluszesend fiTedufenldfmwuudnnesainmesdmiunisannssunu eeindiuuull
Uszdnsninsesasun Inglvipn RMSE Wi 5,560.59 wagA MAPE iy 9.03% ddudiwuunisanaaswuudidulyl

o Aa

wngAunsilldlunisnennsalifeyseiudesunuvesussnuseduiin Wesnduuunisanassuuudiguliien

o oA

RMSE wawAn MAPE gafian wardeyailoussiudefusmilflumuidsilfiddeudraunnsetiu Soilvduuunis

amaaLLUUi’sz‘jﬂzjmmsauﬁ’uﬁa;&amﬁ
mnduifelnhiuuuildluinmennsaideyssfuseiunurenisnlsefudindmin 6 Weu Tnouans

Fap3nadt 2

5197l 2 Amensalanaii 6 ey

1 4 %
ATNEINTA (RT1UUIN)

hou fnuugwwasaInne s AUUNITONADY A934 (§uum)
dmsunisannag duldandula
UNIIAU 2566 46,100.06 64,363.56 31,239.32
qumﬂ’ué 2566 46,200.81 64,363.56 31,174.93
Junmu 2566 46,278.93 64,363.56 37,782.62
bYIEU 2566 46,333.58 64,363.56 26,787.06
NOWNIAN 2566 46,364.36 64,363.56 32,161.70
ﬁqmau 2566 46,371.31 64,363.56 36,639.68

o &

frwuunlunudsetdudtuunaglswlsnaiwasmwdsiigdtunisnensal Feianuuwiugluseaunils @aunsawn

nanlalUldanaziudanagiintulusuianlalneday
v
YUY

Tunailuldussleniinifoniediiavlaansatnanisideilldislonilunmununsideld awns
ihduuuiiivszavsnmilanlutszgndlilumsusznanisaldeussfusesumuvenidnussfudinluewandield
Duwuamalunmsmasunsaniuenuld

dmumsinisendaelumsifiuiaudsdaszau q wu suaunsusssl inldiduiudssaulunsinseiie
Tiinansieeifildfussansnmnndstu uasthdeyauussandliiunsousiBedn (Deep Leaming) e lWld

LUUNNSNEINTANTUSLANS A NUINTY
v =)
LBNE1581999
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a v ¢ v
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¥ a
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UNANED

wadnwie (FS) waidwtsuuvaivgia (FS) wainadetnilnsa (PFS) waddvdemesuiwu (FFS) waz
waddedy q-jeeesiunsieladndunsdlfiavrenanidude m,n-5s0eslvuns (m,n-ROFS) fafu m n-
ROFS Fuifuleniinseunguannnitendsnanidnedu Tuuwmmﬁlﬁmmaauﬂr:ymmiﬁmﬁuiwmaﬂmé’ﬂwm:ﬁ
(MADM) untsdidumaiadsdsdmiindsvds m, n-gseeslnuninioudedoyailfus m,n-geeeslnuns
niulgldmmiiumamaidifetauuumdunmsuigmmsindulavaeansnuuzuuiseds m,n-gees
Tnund aavieldliegunsujiRdmiunadendnnansieefilulinsiodundorlunisianisvaldguniud

WulinsdedawindauillAiNens 19Ul nianwmundu

av o

AdAgy: wedduly laldvtsiuvaivgia waldvdelnlinga weddytomasuiwu

wedfvle g -90estnuns

Abstract

Fuzzy set (FS), intuitionistic fuzzy set (IFS), Pythagorean fuzzy set (PFS), Fermatean fuzzy set (FFS),
g - rung orthopair fuzzy set ( ( -ROFS) can be regarded as a special case of m, N -rung orthopair fuzzy set
(M, N -ROFS). Therefore, M, N-ROFS is a more comprehensive set. In this paper, we investigate the multiple
attribute decision making (MADM) problem based on the m, N -rung orthopair fuzzy weighted averaging
operator with M, N-rung orthopair fuzzy information. Then, we have utilized these operators to develop
some approaches to solve the m, N -rung orthopair fuzzy multiple attribute decision making problems.
Finally, a practical example of green supplier selection in green supply chain management is given to verify

the developed approach.
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fuzzy set

unidn

Tutagtulandesuszauiudamandeugninans niwenssssund uafiviarnnzlanou wmasiin
vowafiwiisusdlusssusniniedn 1 aufimsvdesuaivuiinasnanfanssululssnugpamngsu [1] au
nspmiinuasdndriinvesseraulaniliiud uanunsnadrsssnadudiudaundonldinlug mafauniidsdu an

HANSYNUNNAUABSIIUYR Szuvinduazdinu ioannansenuiidudunsieredawinden sndufeauiouain

aa o

WU URkuUAsANlUgwuImMn IR unulun1AEILen 9 HalnuuIveIRUNEeNal TRl

a v v vya o awvad & a A 1% a a Y ~ 1
U3uweing q Tudagtuldisuduuimeujianiduinsdedwinde uunldlufanssunisgsiavesuivn (2] el
nandusivesnuduiisonsuluszavaina ludagduuidnang q Srurunniianisiudlunisesnuiuntes

dwanaeumignisusulsassansammsyinauiineadesiudwangey [3] nsidendnnateieas (supplier

o

selection) \HunilsluduidAyfigalunszuiunsindulalasuienazdnuszian Ussidu wazidondwnaisiens

'
a a

e3ingAUfeINIT NMsdendwnalsieeiinunzaudwadoUsednsainvesialgguniu (supply chain) uay

q

v
e

ANMvBINARSeitugaTnY (4] mewgialululilinasndnduiauainasdiunuiilaeusnannnisdnden

q

Fnnateeasng nsanzed19ddunainiinisudduadduiagdu mewmniinsldnasinsdndendwnaieieai

'
sa o

winnzaudunumdiAglunistigliussnussquaansniivseansam lulagdunmsdndendnnanaieasndstiu
(sustainable supplier selection) lasupauaulauasidunuimsujifvesniagaavngsy [5, 6] lnernilsdniy
Sullnveusedawindouvseisenindunaneeeiniduinsaedunndeu (green supplier) Fadunszuiunmsandglu

N1sMINUsHAISEY Weinaududauiudurasssuursugiakasdeaudmalianududouvaslyminig

@ o 4

fnaulaneadaufindunie delunsidendwnateieasazfeuudgiuinueinig § Sanududoudaduiewind

o

v
N va o U a do‘Lsuqd

USEnIzusTaRadnsiivsyansamlunisidendwwanaiead mewnlidiisnuadaduls (decision-maker) 331438013

wanvanawieuilalgvinisdndulavatenmdnuae (multi attribute decision-making) 1y 38n1sldanisvie
(fuzzy set) [7] wagwmainnwrnansinate (fuzzy linguistic technique) [8] anwagialy (generalization) ve9an
vlielagniuauslag Atanassov [9] MSendnenisvlsuuvanivaias (intuitionistic fuzzy set) wnidvtiuuy

avwgyrandunisyandaiuvesilsiduani@n (membership) wagilardulailyani@n (non-membership) dwsuldl

o

grunadndulaiiiedoansninuifinguinie saxn Yager [10] IaiauauwiAnvedgnisudefinilna (Pythagorean
fuzzy set) WiasiufiliieamedmiugiisnunadnduladunidnauimnesidyleivinidliseasBeadiudy
nzdmsunsusediulaunninesisviewuvarvniu fsuesinieinilnsaddinnuainisaunnnienineg

Y 4‘

Tauuvaivgalunisanaiuligndesesdeyafiliauysailulgvinisdadulavatsaudnuuey oAy

FudounazUSunuiiutuvesdayaaian Yager [11] FaausunifAnlnifivauninanenisydowuuaiagasen

P

wnRntud Wi g-39085MMuns (g-rung orthopair fuzzy set) Jupdesdlefifiuszdninmlunisesuieniy
liuduewvastigmnisdadulavanenduandnuasldfiniuiy wwdweuiddnitonasaulianuaulatuesisey
o g-39005lvuns wu Liu uazane [12] wueiadunisaalnduisdunieldanimiindenniwisely g-j9ees
Inung (linguistic g-rung orthopair fuzzy) Tudl 2022, Ibrahim wag Alshammari [13] lAvenguUIAUANYD YN
Aty o-3seeslnuns AFendnenisvds m, n-ga005lnuns (M, n-rung orthopair fuzzy set) Lilaufaymnns

v a o 1Y

fndula wenanliunidedruiuinnladisianazvenenguvesiannidun1sdnunnuie 1y [14-18] 1He991nin

anflunsiausiegliasnsauidaymlunisdedulalalunsuitgmnisifendwnangieeiivangautunsuiuii
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Huessnidlesannisifeylinseuaguuarlisnnnevziionsanmsdendwnatsioesiiuiinsdedandenlsly
ynUszamvesteya ilendnidsaniumsaifienaliaunsaasvioutoyaiiliuiueunazinisangideivgliodis
RTENT)

Tuunanuildiauinsdndunsiedsdudininisvie m,n-yeeesinunsndoudrodouaitule
m, N -39805INuWNs mmfuiéﬂ%’ﬁaﬁﬁLﬁumima'ﬂiﬁaﬂ’mmLmewNasi'lﬂuﬂ’liLLﬁ'ﬁﬁgmmiﬁ’mﬁﬂwaw
Aadnvzuuuidvde m, n-geeeslnund qavieldiiegansujiadmiunisdondunarsieesiiiduiingse

danndeulunisdanisldaunuinifuiinssedundeudliifiensivaeuwuiniafinaundu

F/atiun193dy

Tuuneruiflfasaguiune 9 Imaﬁuﬁumﬂmmiﬁugm ol
undieny 1. [9] lwminvtunuvaRugI (intuitionistic fuzzy set (IFS) A vulenanduwms (universal set) U &
sUuy A :{{a,yA(a),vA(a)}:an} oot u,:U —>[0,1] ez v, :U —[0,1] waziSon u, uaz
Va Jsesutugnn (membership degree) wazszautulifuaundn (non-membership degree) MUAIAU Lay
0<u,(a)+vy(a)<ldwmiv acU

=

undena 2. [10] lwnddvdeiinilnda (Pythagorean fuzzy set (PFS)) A uutenandunns U d3uuuu
A :{{a,,uA(a),vA(a)}:an} oot 2, :U —[0,1] uaz v, :U —[0,1] wasiSon p, uaz v, 9
seiutuaBnuayseiuiuli s dnnugdunas OS[,uA(a)]2 +[vA(a)]2 <1 dwmsu aeU

unidenu 3. [19] waddvdeinesuiuny (Fermatean fuzzy set (FFS)) A vuienandusins U d3uuuy
A ={{a,,uA(a),vA(a)}:an} oot w,:U —>[0,1] uaz v, :U —[0,1] waziSen f1, uar v, 9

o o
v o a Y

: e e 3 3 _4 0w
wiuumndnuayssiutulidumndnaudiuuer 0<[ 1, (a)] +[v,(a)] <1 dm¥u aeU

undleny 4. [11] wedduiy g -39eeslnuns (g -rung orthopair fuzzy set (g -ROFS) A uuanandusing U 3
sULuy A ={{a,,uA(a),vA(a)}:an} Toedt p, :U —[0,1] uae v, :U —>[0,1] uaziSon p, uae

] a a o w q q o o
v, Psiutumndnuayssiuiuliduaninawdiouey 0<[ u,(a)] +[v,(a)] <1 dwmiv acU

unileny 5. [13] wedavde m,n-33005WMuns (m, n-rung orthopair fuzzy set (M, N-ROFS)) A vuLanamn
duims U figvuuu A :{{a,yA(a),vA(a)}:an} ol g, :U —[0,1] uaz v, :U —>[0,1] uas
P ' v a v U & a o w m n
3o U, way vV, 1szivtuaninuas seautuldiduanndin muainunay OS[yA(a)] +[vA(a)] <1
dwmsu aeU

grenanadunans U Jaurdnivesguidnineinatd uae U ={a} wag m,n-ROFS
A:{{a,,uA(a),vA(a)}:an} widsuunuiag A=(p,,v,) wenainidiiionrudazaainaziiond
A=(ppva) 7

»
A1y MN (U) wunedaenddaundndu m,n-ROFN sTsnuavuenanduring U waz A,V wuieds
m, n-ROFN Taesdi A=(1,0) uax V=(0,1)

v W o

WAAYy m, n-33985lnuwns (M, n-rung orthopair fuzzy number (M, N -ROFN)) g9y
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unflew 6. [13] dwuald A=(,,v,) waz B=(1,vg) 0u m,n-ROFN vuenanduiing U uaz A
Wudwauasauania 9 sioluilarfonumnuduiuduazmsaiunisves m, n -ROFN &

1. A< B vneia p, < Uy uag V, 2 Vg

2. A=B mneds A<B uaz B< A

A :(VAHUA)
. A®B Z(T//Ji\" +Ug —u,Tﬂé”,VAVB)

. A® B:(,uA,uB,{‘/v2+vg —vf\vg)
. M:(M—(l—yg‘y ,v,f)

A =(ﬂj, n1—(1—v;)‘j

unflenw 7. [13] fvunld A=(u,,v,) Du m,n-ROFN vuenandusing U ferawesitaiduaziuy (score

W

I

(S}

()}

—~

function) SC(A) uazilsriduusiu (accuracy function) AC(A) wes A=(u,,v,) il
1. SC(A) =y —vi
2. AC(A) =y +v,

Nan153498

unidey 8. 1% A:{A:(IUA‘,VA‘):i:l,Z,.?),.”,n} vJu m,n-ROFN vutenanduwns U way A=

(A Aoy Aoy Ay ) 0 manima s 1miln (weight vector) was A Taedt 0< A, 4, A, A, <1 uay

n v
z/l, =1 msandunisiedeaiamunidyds m,n-39985Muns (m, N -rung orthopair fuzzy weighted
i=1

>

averaging (M, N -ROFWA) operator) WA: MN" (U ) - MN (U ) fienslas WA( AL A,,..., A) = DAA

NQUHUN 9. 91 {A =(u,*,vA):i=1,2,3,...,n} WHuwaiidaundndu m, n-ROFN vwenandusing U uae

A= (A2 2ges 2y) Wunnwesihmiinloeit 0< A4, Ay, Ay, Ay <L uae > A4 =1 udn

i=1

WA(Ai,Az,As,...,a>=(d1_ﬁ(1_(ﬂA)m)ﬂ,r”[(vA )%J

i=1 i=1

n1siwgad nanuald A:(ﬂ/w‘%) vwWu mn-ROFN vy U dausunn i=123...,n uaz

0< 4y A dgrevosF <Lz 32, =1

1. dmsusuiutiu N =2 lnguniiey 6 lonadnsaaluil

WA(ALA) =@ 4A
=HA O LA
=HA O LA
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(T ) T

i=1 i=1
satumadnstsruduaiadie k=2
2. aundliaunfgiuirsnuduaiaiio n=Kk dufe

WA(A,.... Aﬁl):(rq/l—ﬁ(l—(ﬂ,\)m)&,IL[(VA‘)A}

i=1 i=1

Tgundeny 6 azlein

nuadnstsiuiilainaunstiduduidmsunnduuduuania o

seludoriigausn WA(A,A,...,A) dadu m,n-ROFN vutenandusims U 1 ee91n

OS,uAi,vA <1 ey OS(,uAi)m,(vAi)ﬁi <1

0< ] (1_(”A )m) i” ("A\ )Aﬁ <1




9 9 adun 2 nINIAY — TUNAN 2566 80 1478, inalu. MBsaiunssiiosa

st uasadunsiigan
nguiunil 10 -12 Wuwasnanngeiun 9
ngugun 10. T {A =(ﬂA‘,VA‘):i=1,2,3,...,n} Wueeidlaundnidu m, n-ROFN vuenandusing U uay

A= (ﬂl,ﬂz,ﬂg,...,ﬂn) Wuanime s anwalag v 0<A, 4, 4,0, A, <1 uas Zn:/ll =1

i A =A=(p,,v,) Wi WA(AALA,.. A)=A :

nsigad uannisiigalalaensdaenisuny A = (,u,* ,vAi) i A=y, v,) Tunguiiun 9
nauun 11. 14 {A =(ﬂ;\,vf\)2i=1,2,3,...,n} way {Bi =(/¢Bi,vBi):i=1,2,3,...,n} \Dulenitflaundnidy

m,n-ROFN vutanangd unns U way A= (21,22,23,...,1”) Wunmesy 1 ndn Tagi

0< Ay dps Ay dy SLume 34 =161 A< B it WA(A, A,,.... A)<WA(B, B, ...,B)

nsiganl wansnsiiganldlaenssmunguiun 9

ngufun 12. 1 {A :(ﬂA,VA);izl,Z,&...,n} Duendidaudndu m, n-ROFN vwenandusins U uaz

A= (Ao g dy) Whutannes v invnlass 0S4, 4,4, 4, <1 wasz anﬂ,, =1
i=1

n n n n
& - _ o At _ & - +
A —(i/\l,u,*,ivlv;\j way A —(ivl,uA,i/\lv,J w AT <WA(ALALA,...,A)<A
n1sigall wanansigalalagnsemnamauiun 9

Tugminisdndulovarenasnvazanndld {F,F,,...,F } luenveiniaden (altemnative)

{G,,G,....,G,} Wuwnvesnudnvus. (attribute) way D :[AJ WJuumsndnisdadula (decision

mxn

o

matrix) uay A = (,u,*_ Vo ) Wuansuseifiunmvualaegdadula (decision maker) iauseifiunadonves
j j v

F vin ead'eanua e nuae G, TusYuuuaes m,n-ROFN Ta gy 0<p, ,vp <1 uave
v j i

OS(‘”’*J )m+(VAii )n <1

gana3ny (Algorithm)
Input: N9L&0N
Output: MGen#ffgn

Y P Yo o a = v ! o v a ~ %
YUNdUN 1 amﬂﬁ‘hﬂﬁ]‘lﬁ%l&lumqﬂLaﬁ]ﬂﬂ'gﬂﬂﬁqﬂl’ﬂqiwm@ﬂmaﬂﬂmgLLagiﬁﬂqﬂqi‘UigLNULL‘U‘U m, N -ROFN tWag319

' m n
SNENSHANG =| A n A = y 0< < < <
wnsngnsenaula D [AJM Taei A (,u,*j ,VA_J_) W O_ij,vA“_ <], O_(yA“_) +(VA“) <1
Yunaudl 2 Usudsuunindnisdndulabiidunnnsgiu (normalize) Tnanisuusnadnvazidu 2 Useian laun
Usgunnauyu (cost type) wasUsulnnuauselevil (benefit type) fagaun1snelull

A, for benefit attribute G,
A} for cost attribute G,
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Yumaud 3 Ussilivvewnadenlaglinsaliuniswdearnhninidydy m, n-geesinuns maufun 9)

ee

Junaudl 4 Auasiteiduazuuy SC (1) asdiifleidunsuuumirfuasdwaitedduuiy AC(T)

'
a

QUABUY 5 INDUAUNILEBNAIUNITIADUAUYDY T WazldanNIaaenIuuNsaunan

I q

P Y & e £ aa a ' v o ' A o .

Wowansliiudsanugndeswesidnisiiiaue deluaglidetesidauuasmnain Liv wazauy [12]
dnnangreasfownasfiuvesinlggumuimuatasnisidendwnansessidulnsredandeudusingiuves
msdnnsslgaunuidulinsdeduindoununinvesinnasoeszdmalnensisiaUszansnminudundon

Y9383An5 M3wWIsuiisunisdanisislgaunuiidulinsdedwindeuuasn1sdanisraslgguniuiuy Audu

o

Mniuifingidnuasrsiusinsgdfidulinsredandounnudyueing 4 mnduasimadaidendwnaisions
Mdufinsnodsndsuidunsiaun TN uYIEaNINKINA BN MIAUATYEAY deruuassyuudiandie m,n-ROFN

o
a

INNITANTIVANUF

o

"fidnnaneloasiiduinsdeduwandeniidululdvianun 5 s1e ldun B, F,, F,, F, uwaz F
Advmydenaudnuay 4 Ussmadiessdiudwnaisesiiiuinsredanndenillululd #sil 1) G, Aetlady
fununmvesndning 2) G, Aetadesudwinden 3) G, Aedfadunisinds 4) G, iWutladususian
fwaneloasit 5 Meazdaddsumsussfiudae m,n-ROFN muAmdnwairiie 4 Yssms daflaannoddag
mtdn (weighting vector) Wu A4 =0.3,4, =0.2, 4,

1

€

=0.3 uaz 4, =0.2 wan1suszifiudulumunmiss

=o

=D
De
=De

A1519%1 1 As1alEnaunsngnisendula m, n -ROFN

G, G, G, G,
F (0.9,0.7) (0.5,0.6) (0.3,0.9) (0.5,0.7)
F, (0.7,0.7) (0.8,0.8) (0.5,0.5) (0.6,0.6)
F, (0.7,0.3) (0.6,0.5) (0.8,0.9) (0.5,0.9)
F, (0.5,0.6) (0.4,0.7) (0.5,0.8) (0.3,0.6)
K (0.6,0.7) (0.8,0.6) (0.5,0.5) (0.6,0.9)
Sunaudl 1 asumEndmsdaaulald fai
(9,.7) (5.6) (.3,.9) (5.7)]
(.7,.7) (8, 8) (5, 5) (6, 6)
D= (.7,.3) ( 6,. 5) (8, 4) (5, 4)
(.5,.6) (4, 7) (5, 8) (3, 6)
(:6..7) (8.6) (5.5) (6.4)

Yunaui 2 10390 G; uag

G, Wunudnvuzisziandunuuay G, wax

¥
=1

G, 1unudnvuzlszinan

naUszlenidausuuguumsndnsdndulalinduannsgiu (normalize) 19 aadl

(9.7) (5.6) (9. )
(7.7) (8.8)
(7.3) (6.5)
(5.6) (4.7)
(6..7) (8.6)

Junauil 3 Ussiduvewnadenlagldnissidunsiedonisim

(5.

(4,.
(8.
(.5,

o

nifwtie m,n —§ﬂ8@ﬁ%LLW§ Aannssaluil
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A97199 2 AN ILERIAIYBINNLEDN

m,n 4,4 5,4 4,5 10,20
I, (0.8005,0.4921) (0.8078,04921.) (0.8005,0.4921) (0.8351,0.4921)
r, (0.6960,0.6301) (0.7017,0.6301) (0.6960,0.6301) (0.7265,0.6301)
r (0.5675,0.4939) (0.5772,0.4939) (0.5675,0.4939) (0.6136,0.4939)
r, (0.6268,0.5100) (0.6395,0.5100) (0.6268,0.5100) (0.6899,0.5100)
I (0.6572,0.5949) (0.6697,0.5949) (0.6572,0.5949) (0.7149,0.5949)
Sunoudl 4 Fuailsidunzuu §a
A1519% 3 sananAvesileituRY LY
m, n 44 54 a5 10,20
SC (I’l) 0.0319 0.2855 0.3817 0.1650
sc(r,) 0.0770 0.0124 0.1353 0.0408
SC (ra) 0.0442 0.0045 0.0743 0.0075
SC (r4) 0.0867 0.0393 0.1199 0.0244
sc(r,) 0.0613 0.0094 0.1120 0.0348
Sunaudl 5 Sasusumadenmunisdnsusiures I il
an19ft 4 sananansUSsudisunsdndusumadenusaruuy
AL EUNNg SUAUNILADN
4,4-ROFWA F>F,>F,>F >F,
5,4-ROFWA F>F>F,>F>F
4,5-ROFWA F>F,>F>F,>F
10,20-ROFWA F>F,>F>F,>F,
FFWA [19] Tuausamuanla

3,4-QFWA [14]

F2F>F>F2>F

q-ROFWA ile q =4 [20] FR>F>F>F>F

ldanunsamuanle

(2,1)-FWA [16]

anUTeuaasUNaN1TIY
WieaBuneranIgnuveImIdlies M war N denadnsgnvnevenisindulawuuranenudnuuzzla

TdAALanA19iuUYas M wag N WBIASUAUNINE DNHASNEVBINISIABIAUNIWABNANNATALRUNSRAEAS

wwmiinddedy m, n-weesinuniuandunisns 4 nmsandunisedeaiimtinidydy m, n-weesinuniaglasy

Fusunitdonidu F>F>F>F>F o mn=4,4 uag mn=>54 wazldsususunitnaansdu

>F,>F,>F,>F, dlo m,n=4,5 uar m,n=10,20 lned F Jusideniinfiaauay

q

F, Judndenlu

e M

o A

BUAUN 5 NSTABUAUNIBEDNYRY M N=4,4 waz m,Nn =54 wiloudunisaniduns, 3,4-QFWA [14] way
q-ROFWA il =4 winssuiuns FRWA [19] uag (2,1)-FWA [16] Lianunsadunammadenlsandeya

99U
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lsndalowes dadulsamnudenvesszuudsyam ludagiuuuiminssnwvedlsadalowesfie nisuiu

v
av aa

USuuansdeusvamesdfaladuluausddaeldeoninuantilunisdudveulusiesdfaladueamaisa muidell

Y s

noUsvasdiafnwgridudueuledes@ialaiueamaisannayulns nevianun 7 wia loun Tumdes Tuugaing

Fismnudt Tutaun Tunzga Tunznen Tusfuy waglumye fignafnsedniazatslenusatagiinsziesdusznauiadl

vesansanafieangrddrewmaiadninlasuninnsfi-wuaauninaund/muaadninaund Weswndsenuniside
Aefugrdiaeutiedes wuhasataluuedsfiumuduansovdlunssudueuluiorifalnduoamelsagaiianiie
A1 1Cqo Wity 181 lulasnsusiediadans namsinseiuiaaunaduresansaialuugshsiumuiuieuiieuivansanin

luffuyuaransadalumdesnuansgnslunisdudaviunaiwasdes nuaisusenaunailiuees (isorhamnetin-3-O-
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glucoside, 3-O-methyl-(-)-epicatechin-7-O-sulphate Wa¥ apigenin 7-sulfate), @15Usznauuedn (4-O-methylgallic

acid) waza15UszneU phosphatidylcholine 1A dussAusznaunanvesansainlunziiuuudlun1sesngnd

fudueuluiozdfalrdueamaisa nualteiylmiiuinasanaluuzaeiuniudaiuisathuiaudueimsiasunia

Asunngvasiulsadalawassolula

Anddny: ayulnslne wwshieiiumud grsdudaeuluiesifaladueanasa Andalasunnsl-unaauninsiuns/

wuEaUNINTIUNS

Abstract

Alzheimer's disease (AD) is classified as a neurodegenerative disease. Currently, the treatment for AD
involves increasing acetylcholine (ACh), which is a neurotransmitter, through the use of drugs known as
acetylcholinesterase (AChE) inhibitors. The objective of this research is to investigate the anti-
acetylcholinesterase (AChE) inhibitory activity of ethanolic extracts of seven Thai medicinal herbs: Gnetum
gnemon, Anacardium occidentale, Centella asiatica, Moringa oleifera, Spondias pinnata, Glochidion littorale
and Micromelum minutum, as there are a few reports on this study and to determine the main chemical
components of the bioactive crude ethanolic extracts using liquid chromatography-mass spectrometry/mass
spectrometry (LC-MS/MS). The result showed that the crude extract from leaves of Anacardium occidentale
displayed the highest anti-AChE activity, with an ICs, value of 181 pg/ml. The LC-MS/MS analysis showed the
chemical constituents of Anacardium occidentale leaves extract compared to those of Glochidion littorale and
Gnetum gnemon leaves extracts which showed medium and low anti-AChE activities, respectively. From the
result, it was found that the bioactive components from Anacardium occidentale \eaves contains flavonoid
compounds  (isorhamnetin-3-O-glucoside, 3'-O-methyl-(-)-epicatechin-7-O-sulfate, and apigenin 7-sulfate),
phenolic compound (4-O-methylgallic acid) and phosphatidylcholine which are expected to inhibit AChE. This
research suggested that the ethanolic extract of Anacardium occidentale leaves has the potential to be further

developed as a medicinal supplement for the prevention of Alzheimer’s disease.

Keywords: Thai medicinal herbs, Anacardium occidentale, Acetylcholinesterase inhibition activity, Liquid

chromatography- mass spectrometry/ mass spectrometry

unin

TsAmnuidenveeszuuUszam (Neurodegenerative disorders) 1ulsafifianvnanieaduszamluaussgn
yane dewasiiliuszansnwnisinuresaesanas iulsaseseiliansadnuilimenansannsntyasniy
suuswosomstonlile Tsadaluwesdnidulsalungueinisansadon [1] Msanasesesdialadu (acetylcholine) B4
Huansdeuszamluauesdnduluuanila (hippocampus) vhnihiliAgadestunismuauanusnduilsluauigiu
ndniidduesaningmaifalin nsanaswesansdeusrameinesdfaladudunalnonssninnisiud uresTum
wulaiiivimihilunsaaisesdfaledu dad 2 via lun wulvdesdfaladueamesa (acetylcholinesterase: AChE)

wazteuluilniisaladueainaisa (butyrylcholinesterase: BChE) nuinluiileweanesesyUislsndaluuosiusunm
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oz@falndueamelsaludadiuiigenindnfisaladueamelsa 2] Jagtueniililunisinwmioussimeinislsasale
Wos Lﬂuﬂﬂuﬂfju acetylcholinesterase/ cholinesterase inhibitors (ChE-Is) lauA donepezil (Aricept®), rivastigmine
(Exelon®) wag galantamine (Razadyne®) [3] fauddnendananazduszansamlunisaneiniswasduvesiUlssiuda
Prannufinunimsiuesunivesiie wiaedussansamameihedaluuesluszensusurhdulifinadens
fnwluszeeiilsniinnuguuss Snisdeliennsthafendnties iwu fesdn soudle wawitesing (4] Fedumsfinuimans
fiszansamlunsinwisniuaghifivathafesdadudaidniveglutiagiu
auulnslnevansvindasswanuarUssloviivannvats wu luuznen gaullufeinmiiunazussn dassnau
wiseulu uiedeu wiviesdn drdalsansiudu [5, 6] Tuuesu Susvlembiliveundude Yreviuden dulaaie
uonand Sailgniniedanan laun senguianszuiimaluden AuauadaTe A1un1sanau [7 - 9] vengau
Tuszshsfismud fansduoyuadase Tevzaseuun fqvsdiunissniey [10] seatuyseu uualsiuwasInmiiy
Aluvsinuiigs sangqnidiueyuadase (111 lumye oongni suduziadldlvg anreiaanosen [12] lumfes
Usznaudae TUsiu s1mwmdn waginiiug wenanidsiiuguelsfiu faetigsanem tostulsaiila dredestulse
Qiu [13] luthundreunfeulu ananuduladin [14]
mnfindrantreiuandiuhayulnslneuiassinduiiosdusenouuasqusmandeieuansatu fedu 33
Jealafnwgudlumstudimahauseseuluiostasladueamasaresmsadniomuesaanasulngiomn 7 s
Loun Tuwides Tutaun Tungshsiiumud Tungsu Tungnen Tulfuy wavlumye uasinseiesduseneumaniivesans
anafioonguisudseuluiozdfaledueamaisaldgeiian Yiunans uazdesiian lnewaiadnialasuinnsil-

wuaaUnInswns/wuaaunlnsaums (LC-MS/MS) waidudeyalunisihayulnsluldusslemiludusing 9 8nvisnis

v
= av Ao

Anwnideidulunmseusndiugnssuvesiivayulnsnguildnmmieig

BAnNUNTIVY
1. MInssaURnanyalvasayulns

drogsanlng T Tumdss Tuthun Tuszshefiumug Tusesa Tusgnen Tuifuy waslumge @earnaaneld
gunaiiles Jwminfiwulan) 6‘?aL‘f]umeﬁuﬁﬁmisumwﬁmmé’mwﬁgﬁgammm YU ouduIAN W.A. 2564
ANIUNIINTIIABULAL SEYBNANYRIVRIINY LALEYIemIanT19158 AT.N15YAUT SUUNAR LAY Voucher Specimen PSRU
1143 (luwdes), PSRU 1144 (lunzalsfiuniug), PSRU 1145 (lunzgu), PSRU 1146 (lungnen), PSRU 1147 (lusfuy)
wae PSRU 1148 (lunye) iusnwly a siesfusiusiunssalldl auginermansuasmealulad unninedesvdgiiya

GNERNEN

2. nMan3uRlRENEUlnIuaTa1Tann
driegeayulng taun Tumdss luthun Tunsasiiumud Tunesu Tungnen Tuduy waslumye wlaul

wisiduan 7 Yu anntdurinisuanenu Falalunvusilaadnsinas 100 N3y walliuen1usaUsua 500 Jadans

o

afinfigaumgivieatiuian 4 Tu weiieiniave (shaker) 1UuATIATTI INTUNTOIENTALAIBOBNAILNTIINTOINUTTY

3

o ° a o 5w = o vy o A o a v o
d18 LLaguqﬂqﬂL@llll']aﬂﬂa?]']ﬂ'gﬂL@‘Vmuaa@[,%ll@ﬂQUﬂigmﬁ‘l@aqiaﬂ@i?ﬂﬂ@Jﬁ u’]ﬁﬂiaza’m%ﬂiaﬂiﬁlﬂizma NIN1/LAY
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AgLAsTEmekuUnyUNelagINTe (rotary evaporator) agldansaninleniuea (ethanol extract) Fauiniinuas

q

L4

ansatawaziiuliNionmgl 4°C auninazdindinge

o

3, AnwqsdudaeulusiozdRaladuioamalsd

Anwguslu 96-well plate faeimaiia Modified Ellman assay Tngifinansazats 20 mM tacrine (8191140
tlaqtiy, positive control) AiAuidudu (0.01, 0.05, 0.1, 0.5, 1 wag 5 ug/ml) vide asarnayulnsfiaututu (5, 50,
100, 500 war 1,000 pg/m) 25 ul $3ufu 0.3 unit ezdRaladueameaisa 25 ul Uulagip3es incubator Viqmmﬁ 37°C

a

Juan 15 undt andufin 1 mM acetylthiocholine iodide 25 pl waz 3 mM DTNB 125 pl udrvusefioamail 37°C

9 Y

N

I3 ~ & o Pl N v M . A d °
WJuLaan 30 wn mﬂuuuﬂﬂ’mmmiaﬂﬂauLLaqmstim microplate reader AINNIAANAULES 412 nm LWBDATUIU

Sp8arv8IN5EULY (% inhibition) [15] ¥NN15NAaBY 3 G1989A15F0819WARYAUTLTY

o § Q‘ a
4. ApszviespUsznaumaniivasdrsanaieangndlinewmaiin LC-MS/MS

tansainienueaiiesngnsfudsieulylesdfaladueainaisagen pongrsuuna wageeangnsifgn

wenmedninlasunlnnsiilaesnulasainidves Boonchaisri et al. [16] N153AsIEAEHANAnd1sanaUSuIns 10 pllu

Ivar1unedut Luna C18 100 A°, Y119 4.6x150 mm, 8RAIAYLIN 5 pm 718ns1n15lia 0.5 ml/min Spaaiadeudi
Usznaudae 0.1% nsaesiinluth (@1sazans A) uay 0.1% nsavedinluezdlnlulasd (@sazate B) USusnsdu
yasigmAdsuiLuuinsifisuivesansazany B 5-95% Lianwdiegie 30 und ¥insaunuinavesansUsEneudaus
m/z 100 - 1,000 amu 91ntuviliansuszneuLanfadengasu (collision energies) 3 5¥AU Av 10, 20 Wag 40 V
Mé’ﬂmﬂﬂguimeﬁma‘uaﬂmﬁﬂizﬂauéﬁaiﬂﬂmiu Agilent MassHunter Qualitative Analysis Software (version

B.06.00, © Agilent Technologies, Inc. 2013)

v

5. N1SAATITIVoUA

v

Adayaninszvikandusuanade + Andetuunnigiu Ineyinsvegeuduiu. 3 91 MURUNITNAGDT

U

wuuguanysal (Completely Randomized Design, CRD) 1ndayaillauniinsiesinauudsusau (Analysis of variance,

ANOVA) Wisuilsuanuunndeeidladeneds Least -Significant Different (LSD) fisgduanslidosiu 95 wWesidud

Tnglilusunsupauiinmesdniagulunisiuiamsada
Nan15398

nansaialuwiannayulnslve 7 gl loun Tumdss Tutiun Tunsdisiumud Tunesy Tungnen Tusuy
wazlunye fedvhazaneieniuea nulasadmemusausazydafidnvasninenmidureuvamilauaziifosay
nanAnvesasanasedmtnluuks famaned 1

MnnsAnwgrssudeuluiesdnaladuieninelsavesasuinsgu tacrine Arnuidudu 0.01-5 pe/ml way
ansafiaemueasnasulnsusazsdiafiaududy 5-1000 pg/ml wudransnsgu tacrine waz @sanin 5 wia lown

=

ansafinlungnen ansanalulzaeiumiug ansadnlungsy arsadaluiuy waransadnlue lgvsdugueulelosdda
TadueaelsanUsiunssiuanudntuvesasann dwasainlutiunigndduiueuleiosdfalerdueameLsaiinnu
Wudu 500 pg/ml wag 1000 pg/ml vaugfiansainlumdsslivanignsdudseuledesifaladueanalsaiynainig

Wuduresasana wonanniiiadudu 1000 pg/ml @saialutzneniazansanalungasiunusiiaosaznns
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M990 1 SNwEnaNIenIm diiniasSevananinvesasaiaeniueaanayulng 7 ¥ila

fitn9 ANPAZNINIYATN dwiinneuada (n3w)  uhwdnansada (n3y)  Yewazwandn
Tundes yeavaviadma 100.04 18.70 18.70
Tuthun YOUNRAINUARL I 100.03 30.23 30.23
Tugzsheiumnud  ssavamilndiniaund 100.04 24.79 24.79
Tunesy vouvamilndtna 100.06 32.16 32.16
Tungnen veunamilnatinauns 100.03 19.61 19.61
Tughuy vouvamiiadtnaung 100.02 12.51 12.51
Tunye younamilndiiina 100.02 14.18 14.18

dudeuleozdfaladulaelsayiniu 73.82 uag 73.65 Mua19u Fsaunsadudinisianureseulellalndlfssiu
81351193370 tacrine wagldrnudnduigandy WevihnsAinwaranududuigaanansadudseulesiosdialadiu
Lwamalsalnseuay 50 (ICs,) lnaan ICs, vavansanalungnontazalsana Ul 9AUNIUA JAWNAY 227 wag 181

pg/ml AuEIAU aTeuisuiuaIsuInsgIu tacrine 1A ICs, WU 0.020 pg/ml AaR399 2 Wagn15199 3

A19199 2 UssAnsnmlunsdudaeuledosdfaladuieamelsavesasuinigiu tacrine

fovazuain159uds (ARde + S.D.) ICs,

ﬁﬂiuﬂﬂigﬁu
0.01 pg/ml  0.05 pg/ml 0.1 pg/ml 0.5 pg/ml 1 pg/ml 5 pg/ml (ug/mU)

tacrine 25.15+0.91 56.71+0.68  66.69+0.24 77.50+0.13 78.87+0.13 80.32+0.14 0.020

M19°99 3 Uszdnsnmlunisdugaueululesdfaladueamelsavesasaineueainayulns 7 vin

. Zapazuasn1stiuse (Aade + S.D.) ICso
GRFGRIG
5 pg/ml 50 pg/ml 100 pg/ml 500 pg/ml 1000 pg/ml  (ug/ml)

Tusiuy 271+ 6.25° 737 £5.60° 630 +3.75°  34.85:859°  48.58+4.78" ND
Tuthun ND* ND* ND* 230+3.15%  22.65+13.75° ND
Tuwides 1.02 + 2.37° 1.12 +1.95° 1.49+2.06" 0.24+0.42° 1.07+1.23¢ ND
Tumye 0.75 + 1.72° 5.13 +6.94° 2.10+2.67°  13.65+7.13°  36.23+1.69° ND
Tunzqu 0.80 + 1.85° 251 +4.34° 1.24+1.13°  574+7.37“  2517+9.02° ND
Tuugnen 238 +1.05°  36.05+11.40° 46.15+10.50° 55.57+9.94°  73.82+3.31° 227°
Tungsheumiug  6.34 + 3.29° 5264 +9.87°  46.14+10.18° 52.24+421°  73.65+2.67° 181°

mngwn: ND (not determine) fie ldanansaszylaiiesnnanududuimaaeuldanunsadudueuludlafieiosay 50

v
o

ND* Ao luifignddudaeuluiosdfaladueameLsa

N o o

19 a-d TULLIFIUEAIAMULANANAULUUALRAE gl TBE Ay N398R (p<0.05)
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v
< o

91nM15197 3 aziiiudinansadalungsiasiuniudesngns dudsieulesiezdfaladuleamelsagsiian o
Wisuifisufuasadaayulnseiindu fafuiohnisieneiesdussneumaniiluamamdionnduasngnuiad
fidmadegyist Tnehasanalunzsnafiunudfioongrgeian aﬁaﬁﬂ“luﬁmvlﬁuamqwéguE‘ngmunma wazansanaly
wassdigniiiian uinnmsiieseidomadalasuinnsfiveaar (LCMS/MS) Insrinisusnnnglonouuin

(positive mode) wagnefiluau (negative mode) wuinluusazinunaglilasunlninsuiiuanaaiudaning 1

x10% +ESITIC Scan Frag=100 .’:m'k—r e . ’ ‘luusﬁqqﬁquuﬁ n
s ; Isorhamnetin-3-o-glycoside ) - .
. f b [ i s Phosphatidylcholine (PC(18:1/0:0)) *
gl | y " ] y 114
“ ~\ oo N ta N vm A Rl S N A 1 = e W \___//- e e A A -_‘«.“'\‘
)8 |+ESI TIC Scan Frage Murgy 00
: Tusiuy
‘lU ‘\ M, A ‘ ;f\ f\ WN\_/\J k_/\'
s 'ui :\VJ\‘W \\A,..-}va\f''V‘"M““IW‘""M’~""‘“‘i ik ol Y PR J
‘ Tumdes
« I A
-
c
>3
(@] -
L
'é. 3 4 S [3 7 ) 9 W N 2?7 N WS ¥ T BN DN R D MNSB XT3 DN R DN RV B
2 %10 |-£51 TIC Scan Frage100 0V Himagen 001 4 3'-O-methyl-(-)-epicatechin-7-O-sulphate
g | S v
£ Apigenin-7-sulfate
Il y
> 1
¢ ESITIC Scan Fi Murg. 007
i
| I |
__m’P L Attt N A e A AL L L ~ A e N
o

T 1 ] & 7 8 9 W N 2 7 W B W UV U Y DN 2D NS B3NN RV USRI RED

X = Retention time (min)

A 1 lasnlnunsuuansnsidleuiisussduseneumaaiilunmsiuvesansainaulng 3 vilafioangrsuansiieiy

f) TasulnunsuuuulossuuIn wag ) Iasuvunsuuuulesouay

~ ~ a 9 & o 1% o I\ a ¢ & o
deSeuifisulasunlnunsuvesasaiaonayulneng 3 alla lneldarsadalunsdwiunudidundnlunis
grdullesnnansaninayulnsylailiidinnsdudveulelosdfaladuoanaisagiign nuiaisngnwaiinusingianiy

lasulnunsulessuuinvesansainluugssiiumudusliusngluasadaluduyuazarsadalumiediduig 2 fia
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a1 15.276 U9 way 31.664 w1 luveitasuninensuwuuloaauausInusenaum AN INUR ML A SENR LuLEa9

P

FUnIUAUIINGVINNA 2 fiA a1 10.698 Wil waz 15.306 w19 9nUuiIN1Inszileasunani

[

Ju 9nanwalves

v
YY)

wiarfineanidudqu q (fragmentation) Wenlassad1tesdusenaumaaiivesansiinaineanguidudieuleiosdaa
Tnduleawmaisadiomaia MS/MS wuinarsataluuza9funiudi oangns Ussnaudaeans isorhamnetin-3-O-
glucoside, phosphatidyl choline (18:1/0:0), 4-O-methylgallic acid, 3-O-methyl-(-)-epicatechin-7-O-sulphate wag

apigenin 7-sulfate MUAIAU FHINITNA 4 LaznIng 2

A19199 4 AaudnwarYRIEINgNEATilAuINasainlunzasiunudlulasununsulessuuinuazlessuay

Retention m/z NaUENITNGNY
13 gaslaana Identification ’

time (min) [M+H]" * ! vAZIAN
1 15.276 351.0699 unidentified - -
2 15.276 479.1165 CyH201, isorhamnetin-3-O- glucoside Flavoniod
3 31.664 522.3532 CaqHggNOgP phosphatidylcholine (18:1/0:0) Phospholipid
4 10.730 183.0187 CgHgOs 4-O-methylgallic acid Phenolic acid
5 10.730 367.0459 CigHi60sS  3-O-methyl-(-)-epicatechin-7-O-sulphate Flavoniod
6 15.306 349.0365 Ci5H100gS apigenin 7-sulfate Flavoniod

isorhamnetin-3-O-glycoside

O~ _OH
|
o)
HO OH
H C/O HO
3
4-O-methylgallic acid  3-O-methyl-(-)-epicatechin-7-O-sulphate apigenin 7-sulfate

Al 2 lasasrsvesansiinnineengnsluasanaluyzaiunudiilodinsizisiamaia LC-MS/MS
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afUTeuaasUNanTIY

HAN1FANALULNATN Waes Jaun uesediuniud desu denen Tuy wazvye aedvinazaleeniuea wuid
asadalunrpiliuTnumsatmunniian Anlufosas 32.16 sesaan léud ansadaluthuniesay 30.23, arsarily
wzalnunuderay 24.79, ansadnlungneniesas 19.61, arsanaluivdesiesay 18.70, arsadnlunyeesay 14.18
wazansaraluiuy$osay 12,51 nuddu Wewdsuidteutudmiinluwis wolayulnsudassiadiviuumsaning
Lmﬂemﬁ”uLf‘iaﬂmﬂauuiwsshwﬁmﬁuﬁmmmmsﬂiumia%’wmsﬂszﬂaunﬁaqﬁﬁgwﬁmLLazﬂ%mmﬁmﬂﬁ’u lnedl
FeunsAneresnussnaumaailuluvesuzsudiulvgiduarsnguualsiiuess (carotenoid), Aaalsilad 1o
(chlorophyll a), wdn3uea (polyprenol), uaylasiefandiwesea (triacylglycerol) WupsAusznaunan [17] GLual’uiﬁ
enuiiasnguiluedn laun witawnaian (methyl gallate) uaz nsnwnadn (sallic acid) Wussrusznau [18] dwlu
smpfasguiiuduosdusznoundn [19] mnmsfnwqrisudaevlmiesdnaladueanesavesmatneniueain
anulng 7 ¥iln W'U’j1miaﬁ’mivmamﬁuwmﬁﬁqw%‘s[,umié’fuégqLauléuﬁaz%aalﬂﬁuwamaLiaqaﬁqﬂ TnedAn ICs, WAy
181 pg/ml iflethundiasgiiosduszneunaaiilagmaiia LC-MS/MS wuinansngnuiaiivesansatnluszanafiumiusdi
AnIndsnadagns Sudenisieuresieuledesdfaladueamaisalddiu Ao arsUsznoungurailiuess
SuUsTNIUAIE isorhamnetin-3-O-glucoside, 3-O-methyl-(-)-epicatechin-7-O-sulphate Way apigenin 7-sulfate @u
4-O-methylgallic acid Lﬂuﬂiﬂﬁuaﬁﬂ%qiut%aiﬂiqa%ﬁmwﬁmm’tﬂa”%mﬁ’mq’umwlmhuaaﬁ Taglassasaniani

a a

yoansafiusdniasitueaduosdussnoududeatuarslundurlarliosd Wesnasiaesnguindummionilufiv
fin9nidTrdaasgiiAeniu (shikimate pathway) [20] deandasiunniiiuues Olennikov et al. [21] flaguuuiin
Mnnidfenuinguanswaluesdyneiaannsadudinmahauveseuleerdfaladuweamelsa iesanlaseans
ndnvesansUszneunguiansniindunsiserduueniladvonouleiosdfaladuoamasasuduaimg il
UszanSamnsieuveseuledanas vaefiansusznau phosphatidylcholine (18:1/0:0) Wuansuszinnloduiios
sinieafianiieengni sudseuluiosdfaladueameisauiilddneglunguarsusznounanlouesd (Hesan
phosphatidylcholine uay a15dauszamezdfaladuduiiosdusznaundniie choline Wity eradululdd
asUszneusaessiinfiansussiulunisiuiuueeiiladussevluiosdfaladueanaisadsnalfbuniduasiivh
Tilusssisfiumusuansqridudnouluiosdfaladueamaisa vasfiasatnanluiuleongrisudueuleiesdia

a1

IndutedeLsaTean Ineflan 1C,, windu 227 pg/ml wazansadnantumdsdignidudseulasiosdRaladuedane

'
v a

isaviifige esnnduansdrdniifinenudnlngiiumsndumesfiuess (22) 9innsdudununiseenguiiudenis
yhauveeulesiordaladueameisavesansadinieniusanluuzsisiiumud vinlihilaldinansadaanluuzsiag
Fumuiddnsnmdenmstaunduemsiadunensumdiinasensirdatosiulsadalumesluouan uazidudoya
dmumsaeneanuiiivatvassnaamseniiiduusslevivossneliun nuasns gudan swdsfuilaafivin

anulng wazanunsasievaauwAansihluadavsesrssenuinnssunisudnasainayulnsieldusslevilaunau

AnAnssuUszne
ANEKITHVDVDUAMYURANLUNITITLUATUINNTTUIINUMING T8 Ryaasns iy Usedndeudseanu

2565 (RDI-2-65-43), nuaanyunsulszanunelinueingrmans uninedengien Loz 1eveunmunIAIvITdLadl
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Abstract

The mango (Mangifera indica) fruit is an economic fruit. Thailand is the third-largest mango exporter
after the Philippines and Mexico. Mango leaves are reported to have anti-inflammatory properties, blood
sugar lowering effect, and blood lipid-lowering effect. Mango leaves are generally not being interested much
and considered waste in agriculture despite their medicinal properties. To create a herbal tea for health
enhancement extracts from mango leaves and inflorescences were examined in this study. The investigation
of the antioxidant properties of crude mango inflorescence and leaf extracts was determined to examine
the antioxidant activities of crude extracts, two tests were performed: 1) scavenging capacity, such as the
ability to eliminate or suppress free radicals, as measured by the DPPH method, and 2) the ability to function
as an electron donor or what is called a “reducing agent”. The FRAP test revealed that tea made from Man
Duan Kao mango leaves had the highest anti-oxidant activity (53.65+0.70 ¢ FeS0O,/100 g tea powder), and it
was discovered that mango inflorescences deliver more antioxidants than leaves (57.601+1.49 ¢ FeSO,/
100 g tea powder). The total phenolic and flavonoid contents of the crude extracts of tea from mango
inflorescences and leaves revealed that tea from Mangifera indica \eaves tended to have a higher total
phenolic content. The largest levels of catechins and flavonoids were identified in both green and oolong
tea, while mango inflorescence tended to provide overall phenolic content and more flavonoids than
leaves, which results in consistent outcomes. Colorimetric examination (CIE-Lab) showed no variation in b*,
C*, and h values, except an increase in illuminance (L*) values for samples cured for shorter treatment
durations inversely related to the value of redness (@*) in samples undergoing a lengthy preparation

procedure.

Keywords: Antioxidant activity, Phenol, Mango inflorescence, Mango leaves, Herbal tea

Introduction
Mango (Mangifera Indiica) is a fruit that is cultivated as an agricultural crop. Thailand is the third largest
mango exporter behind the Philippines and Mexico. Mangos are well-liked by both domestic and foreign

consumers. Suphan Buri Province which is one of the campuses of Suan Dusit University has a lot of mango
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plantations, namely a total area of 3,348,755 rai, the majority of which is utilized for agriculture 2,316,357
rai (69.17%), 19,684 rai (0.85%) of which are fruit orchards. Mango is the most widely planted fruit tree, with
a plantation area of 35,002.50 rai, a total production of 25,292.49 tons, an average yield of 1.45 tons per raj,
and a farm price per ton of 21,780.00 baht. Community enterprises in the district of Mueang Suphan Buri in
the province of Suphanburi cultivate three varieties of mango, namely Nam Dok Mai, Khiew Sawoey
(Mangifera indlica L.), and Man Duan Kao (Mangifera Indica) on a plot of land comprising approximately
3,000 rai. In an interview with the enterprise's president, it was discovered that the output of mangoes was
significantly lower than anticipated, particularly during the off-season. Throughout the production season,
there is an issue with the product's lowering price. In addition, there is an issue with mold resulting in
inadequate production for processing. In mango plantations, there are also several non-profitable parts:
mango leaves are over 4,800 tons per year, mango inflorescence is over 2,400 tons per year, and mango
branches are over 7,200 tons per year [1].

It has been reported that mango leaf has anti-inflammatory and antioxidant qualities, and
hyposglycemic and hypolipidemic activities [2]. Between March and May, 5-7 young leaves from the shoots
are soft and yellow-green and can be cooked in water [3]. Mango leaf tea has been used in Ayurveda
medicine to treat diabetes [4]. Mango leaves have a bitter flavor and help lower body temperature, and are
used to treat constipation. Coughing, asthma, sneezing, throat burning, hemorrhages, hemorrhoids, wounds,
abscesses, gastritis, diarrhea, dysentery, liver diseases, tooth decay, throat, scorpion poisoning, and canker
sores are also treated with mango leaves. Burnt-leaf ash is used to cure burns and scalds [5]. Mango leaf
smoke is smoked to treat hiccups and sore throat. In Guangxi, fresh leaves were pulverized for gum toning
[6] and used as a cough treatment [7]. Moreover, they help resolve diarrhea and sleeplessness [8]. Due to
the presence of Mangiferin, Quercetin, Catechin, Gallic acid, 3-taraxerol, Ethyl gallate, Gallotannins, and
Benzophenones, mango leaves have therapeutic qualities [9-11].

The leaves of the Camellia sinensis (L.) tea plant are used to produce the most commercially
available tea [12]. The types of tea can be categorized into 3 types namely, 1) Green tea is a type of tea
that does not undergo fermentation or non-fermented tea; By steaming or roasting on a pan firing, the
enzyme polyphenol oxidase is deactivated in fresh tea leaves It can hasten the oxidation and polymerization
of tea polyphenols in the leaves, causing dimers and complexes of polyphenols. After that, knead (rolling)
to make the cells break and knead to make the tea leaves curl and dry. The color of this type of tea is
green to yellowish green. 2) Oolong tea is semi-fermented tea before ceasing the enzymatic reaction with
heat. The production process involves withering for about 20 to 40 minutes. This aeration is a fermentation
process in which the enzyme polyphenol oxidase catalyzes the oxidation and polymerization of
polyphenols to form dimers and complexes of polyphenols. Oolong tea is greenish yellow to greenish
brown. 3) Black tea is a type of tea that has been completely fermented. The tea leaves are fully catalyzed
by polyphenol oxidase, and the polyphenols are completely oxidized to form theaflavins and thearubigins,

giving black tea a reddish-brown color.
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Mango leaves receive little attention and are categorized as agricultural waste despite having
therapeutic characteristics. In this study, the analysis from the extracts of inflorescences and mango leaves

was studied in order to generate a herbal tea for health enhancement.

Objective
To study the antioxidant activity and the content of phenol in healthy herbal tea products made

from mango inflorescences and leaves.

Material and Methods

1. Tea preparation

Mango (Mangifera indica) inflorescences and leaves were collected in January, 2022 from organic
field of Sanam khli community enterprise area (14°33’'N, 99°57’E), Tambon Sanam khli, Mueang District,
Suphanburi Province (Thailand). The 3 different varieties of mango including Nam Dok Mai, Kiew Savoey, and
Man Duan Kao mango were studied. The 3 tea processes including green tea (non-fermented tea), oolong
tea (semi-fermented tea), and black tea (fermented tea) used for prepare mango (Mangifera indica)
inflorescences and leaves tea as described previously [12]. The fine powder obtained (2 g) was blended with

50 ml of water (4% of final concentration), boiled for 10 min, and then filtered (Whatman No.4).

2. Determination of DPPH radical scavenging activity

Radical 2, 2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity was measured according to the
method of Xie et al. [13] with a slight modification. About 24 mg of DPPH was added to 100 ml methanol
to prepare the stock solution, and then stored at —20 °C in the dark. About 8 ml stock solution was diluted
with 40 ml methanol to prepare the working DPPH solution with an absorbance of 1.1 + 0.02 units at
515 nm. The 0.1 mL tea extract was mixed with 0.1 mM DPPH solution for 0.9 mL. The resulting solution
was incubated for 30 min at room temperature in the dark, and the absorbance was measured at 517 nm.
Trolox was used as the standard and methanol as the blank, and results were expressed as mg Trolox

equivalents (TE)/g db.

3. Determination of the Ferric Reducing Antioxidant Power (FRAP)

The 2, 4, 6-tripyridyl-s-triazine (TPTZ) of 2.5 mL was prepared in 40 mM of hydrochloric acid, 2.5 mL
of 20 mM iron (Ill) chloride was prepared, and 300 mM of acetate buffer was prepared at the volume of
20 mL, and all the solution was mixed. Analyses were performed by pipetting 0.05 ml of the sample with
0.95 ml of FRAP solution and leaving it in the dark for 30 min. The absorbance was measured at a wavelength

of 595 nm using ferrous sulfate as a standard.

4. Determination of total phenolic content
Total phenolic was estimated calorimetrically using the Folin-Ciocalteu reagent adapted from Tang,
et al [14]. An aliquot of 60 ul of the extract solution and 60 pl methanol were mixed with 750 pl of 10%

Folin-Ciocalteu's reagent solution (v/v) and incubated for 8 min at room temperature. Then, 600 pl of 7.5%
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(w/v) sodium carbonate solution was added, and the mixture was incubated at room temperature for 1 h
in the dark. The absorbance was measured by a UV-Vis spectrophotometer (M501 Single Beam Scanning,
Camspec, Leeds, UK) at 765 nm. Gallic acid was used as the standard and methanol as blank, and the results

were expressed as mg gallic acid equivalents (GAE)/g dry basis (db).

5. Determination of total flavonoid content

Total flavonoid content was measured by the aluminium chloride colorimetric method according
to Hamrouni-Sellami, et al [15] with a slight modification. An aliquot of 250 pl of the extract solution was
mixed with 75 ul of 5% NaNO, solution (w/v) and incubated for 6 min at room temperature. Then 150 pl of
10% (AUNO,))5 solution (w/v) was added to the mixture and incubated for 6 min at room temperature. Next,
500 pl of 1M NaOH solution was added, and the mixture was incubated for 30 min at room temperature in
the dark. The absorbance was measured by the M501 UV-Vis spectrophotometer at 510 nm. An absorbance
was measured relative to the Quercetin standard and the results were expressed as mg Quercetin

equivalents (CAE)/g db.

Results and Discussion

In the investigation of the antioxidant activity of crude mango inflorescence and leaf tea extracts
by determining the antioxidant properties of crude extracts, two tests were performed: 1) scavenging
capacity, i.e., the ability to destroy or inhibit free radicals, as measured by the DPPH method; and 2) the
property of being a substance that acts as an electron donor, called a reducing agent, was tested by FRAP
method. The experimental results are shown in Table 1. Free radical scavengers were highest in both green
tea and oolong tea and it was discovered that mango inflorescences tended to provide more antioxidants
than leaves due to the presence of relatively high total phenol, flavonoids, as well as total carotene
contents [16].

Table 1 Antioxidant activity of crude extracts of tea from mango inflorescences and leaves

Sample DPPH FRAP

(A gram of Trolox equivalent/100 g (A gram of FeS0O,/100 g tea

tea powder) powder)

Nam Dok Mai mango green tea (leaves) 8.81+0.30" 34.13+0.42°
Kiew Savoey mango green tea (leaves) 14.92+0.48" 38.23+0.24
Man Duan Kao mango green tea 17.31+0.38° 53.65+0.70°
(leaves)

Nam Dok Mai mango oolong tea 8.40+0.24" 27.51+0.65"
(leaves)

Kiew Savoey mango oolong tea 11.72+0.39 43.94+0.96°
(leaves)

Man Duan Kao mango oolong tea 16.49+0.30° 39.73+0.64"

(leaves)
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Sample

DPPH

(A gram of Trolox equivalent/100 ¢

FRAP
(A gram of FeS0O,/100 g tea

tea powder) powder)

Nam Dok Mai mango black tea (leaves) 4.49+0.06' 10.93+0.23"
Kiew Savoey mango black tea (leaves) 4.71+0.14" 12.48+0.11
Man Duan Kao mango black tea 5.02+0.15' 13.67+0.08'
(leaves)

Nam Dok Mai mango oolong tea 28.54+0.93° 57.60+1.49°
(inflorescences)

Kiew Savoey mango oolong tea 31.93+1.10° 50.72+0.40°
(inflorescences)

Man Duan Kao mango oolong tea 37.76+0.98° 53.23+1.45"
(inflorescences)

Nam Dok Mai mango black tea 28.25+0.43° 51.37+0.54°
(inflorescences)

Kiew Savoey mango black tea 13.02+0.44' 27.35+0.33"
(inflorescences)

Man Duan Kao mango black tea 23.43+2.14° 48.75+0.18°

(inflorescences)

Remark: The results were expressed as average + standard deviation. The difference letters represented

significant difference at p < 0.05.

Results of the study on the total phenolic and flavonoid contents of tea crude extract from mango

inflorescences and leaves according to the experiment are shown in Table 2. It was found that the phenolic

content of the tea made from mango leaves was close to that of the whole plant. Both green tea and

oolong tea had the most flavonoids, and the inflorescence of mango plants had the most phenolics overall

and more flavonoids than leaves, which produce consistent results.

Table 2 Total amount of phenolic compounds and total flavonoid compounds of tea from mango

inflorescences and leaves

Sample

Total phenolic content

Total flavonoid content

(A gram(s) of Gallic acid

equivalent/tea powder gram(s))

(A gram(s) of Quercetin

equivalent/tea powder gram(s))

Nam Dok Mai mango green tea
(leaves)
Kiew Savoey mango green tea
(leaves)
Man Duan Kao mango green tea

(leaves)

7.07+0.01°

9.11+0.41°

10.32+0.02°

7.31+0.30¢

9.04+0.30°

10.10+0.12°




9 9 aluN 2 NINYIAN — FUINAN 2566 100 2918, wmalu. Wdsafunszingsé

Total phenolic content Total flavonoid content
Sample (A gram(s) of Gallic acid (A gram(s) of Quercetin
equivalent/tea powder gram(s))  equivalent/tea powder gram(s))
Nam Dok Mai mango oolong tea 6.33+0.09" 6.45+0.23"
(leaves)
Kiew Savoey mango oolong tea 7.27+0.04° 6.98+0.35%
(leaves)
Man Duan Kao mango oolong tea 9.01+0.24¢ 8.57+0.20°
(leaves)
Nam Dok Mai mango black tea 2.14+0.02' 1.15+0.05"
(leaves)
Kiew Savoey mango black tea 2.07+0.03' 1.100.00"
(leaves)
Man Duan Kao mango black tea 2.54+0.03" 1.21%0.04"
(leaves)
Nam Dok Mai mango oolong tea 10.05+0.47° 5.85+0.12°

(inflorescences)

Kiew Savoey mango oolong tea 11.56+0.37° 7.0440.30%
(inflorescences)
Man Duan Kao mango oolong tea 11.42+0.10° 5.52+0.12°

(inflorescences)

Nam Dok Mai mango black tea 8.42+0.03° 6.86+0.40°
(inflorescences)
Kiew Savoey mango black tea 4.37+0.01° 3.84+0.02
(inflorescences)
Man Duan Kao mango black tea 6.87+0.05° 3.89+0.04

(inflorescences)

Remark: The results were expressed as average + standard deviation. The difference letters represented

significant difference at p < 0.05.

Colorimetric analysis (CIE-Lab) showed that the b* C*, and h values were the same. Only the
illuminance (L*) values were more likely to be different in the samples that were treated for less time; it is
in a reverse direction of the redness (a*) value in the samples that took longer to prepare, as shown in
Table 3. Oxidation describes the process of enzymes in the tea leaves reacting with oxygen. During oxidation,
leaves undergo changes in their chemical composition turning them brown and changing the flavor and
aroma profile. Oxidation is an essential step in the processing of tea. Depending on the type of tea which is
made, oxidation is either fully prevented or intentionally caused and stopped at a certain level. Whereas

green tea are unoxidized or lightly oxidized, black teas are highly or fully oxidized. In between are oolong
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teas, which cover a wide range of oxidation levels from lightly oxidized to highly oxidized. The process of
oxidation is intentionally caused by crushing, rolling or tumbling the leaves. Thereby the walls of the cells
are damaged, exposing the inside of the leaves with oxygen, resulting in a series of chemical reactions.
In order to stop the oxidation at a certain level, leaves have to be heated or dried. Heat denatures the
enzymes responsible for oxidation. The sensorial scores for overall acceptability indicated that the products

were highly accepted by the panelist.

Table 3 Colorimetric values (CIE) of tea from mango inflorescences and leaves

Colorimetric Value (CIE-Lab)

Sample T " or o o
Nam Dok Mai mango  51.83+0.82°  2.86+0.23°°  12.02+1.05° 11.29+1.39°  74.73+1.50°
green tea (leaves)

Kiew Savoey mango  54.77+1.29°  2.64+0.10™°  13.74+0.22°  13.99+0.23° 79.14+0.29°
green tea (leaves)

Man Duan Kao 54.12+0.74°  2.45+0.10™  1279+0.78"  13.03+0.79° 79.11+0.36°
mango green tea

(leaves)

Nam Dok Mai mango  46.88+1.05°  4.16+0.40° 7.59+1.05¢  8.67+1.12° 60.87+1.04"
oolong tea (leaves)

Kiew Savoey mango  47.51+0.17°  4.60+0.02° 8.93+0.08“  10.05+0.08™  62.58+0.04>
oolong tea (leaves)

Man Duan Kao 49.31+1.20°  4.15+0.37%° 9.87+1.13°  10.74+1.21°  65.75+1.90°
mango oolong tea

(leaves)

Nam Dok Mai mango  40.95+0.55%"  1.28+0.19  1.67+0.65%" 1.82+0.24%"  44.27+2.92¢
black tea (leaves)

Kiew Savoey mango  40.51+0.26%  3.56+4.31°  1.06+0.59"  1.72+0.69°" 27.73+9.45"
black tea (leaves)

Man Duan Kao 41.49+1.75°  1.91+1.26™%  223+126°®  321+2.70%  42.38+12.32°
mango black tea

(leaves)

Nam Dok Mai mango  37.82+0.64' 1.07+0.04°  1.21+0.03®"  1.62+0.05°®  48.44+0.39%
oolong tea

(inflorescences)

Kiew Savoey mango  39.12+0.11"  1.5620.14“  2.30+0.26°  2.78+0.29%"  55.69+1.01

oolong tea

(inflorescences)
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Colorimetric Value (CIE-Lab)

Sample

Man Duan Kao 40.48+0.12° 1.67+0.19 3.10+0.27°  3.52+0.32° 61.75+1.22°
mango oolong tea

(inflorescences)

Nam Dok Mai mango  38.30+0.13' 1.0+0.30¢ 1.85+1.85%%"  1.27+0.44" 36.90+3.66'"
black tea

(inflorescences)

Kiew Savoey mango  39.00+0.13'  1.22+1.16 0.32+0.09"  0.62+0.09¢ 32.77+3.66%
black tea

(inflorescences)

Man Duan Kao 38.01+0.38 0.72+0.12¢ 0.51+0.02"  0.87+0.24° 32.87+5.78%"
mango black tea

(inflorescences)

Remark: The results were expressed as average =+ standard deviation. The difference letters represented

significant difference at p < 0.05

Inhibitors of Advanced Glycation Endproducts (AGEs) have now been identified as food or
pharmaceutical ingredients, containing polyphenols like flavonoids, curcumin, phenolic acids, terpenoids,
unsaturated fatty acids, and vitamins [17]. Overall, natural products containing polyphenols have received
considerable attention due to their superior antimicrobial properties and high food safety. The majority of
polyphenols are effective antioxidants. In addition, there are additional biological effects, including a
reduction in blood sugar levels, against cancer cells, anti-inflammatory, anti-aging, and heart disease

prevention [18, 19].

Conclusion

The antioxidant activity, phenolic and flavonoid content of teas derived from mango inflorescences
and leaves in three forms, namely green tea, oolong tea, and black tea, were evaluated in preliminary
experiments. They differ in appearance, color, odor, and flavor. It depends on two key factors: the chemical
composition of the tea leaves and the temperature at which the tea is brewed, and the tea manufacturing
procedure. The various chemical compositions of tea leaves are the result of the various tea strains, climate
and soil conditions in the planting area, abundant soil, water, and preservation. The various chemical
compositions will influence the chemical reactions that occur during the manufacturing process.

Consequently, different aromas and flavors are imparted to tea.

Suggestion
This is merely an exploratory study. Only antioxidant content was displayed. However, the results

of the study indicate the potential health benefits of herbal tea made from mango inflorescences and
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leaves. It increases the product's value. Therefore, mango plantation owners and herbal tea manufacturers

earn more money from the sale of herbal tea made from mango inflorescences and leaves. Moreover, this

can help reduce the amount of agricultural waste produced by the mango plantation while promoting the

well-being of people in the pre-aging age group and the elderly. The main uses of natural food ingredients

derived mango by-products, especially mango inflorescence (flower), were considered further study because

of cheap sources of valuable food and nutraceutical ingredients.
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