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Extraction and Determination of Curcuminoids in Turmeric Capsules
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Abstract
The purpose of this research was to study the curcuminoid content from crude extracts

and determination of curcuminoids from turmeric capsules. Chemical composition of turmeric

contains curcuminoids, it is a yellow substance extracted from turmeric rhizomes. Determination
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of curcuminoids by spectroscopic techniques. Crude extract from methanol, curcuminoid
content was the highest at 62.51%, followed by acetone crude extract at 43.56% and
dichloromethane at 39.24%, respectively whereas the study of curcuminoids from 3 brands of
turmeric capsules found that Langkasuka brand, the amount of curcuminoids was the highest at
11.50%, followed by Abhaibhubejhr brand, 10.39%, and Ouay-An-Osoth brand, 9.71 %,

respectively.
Keywords: turmeric, turmeric capsules, curcuminoid, spectroscopic techniques
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Jawmawsendimesaiu (bisdemethoxycurcumin) Segag 2.2-6.6 1AsaaseasneuanslunIng 1 Feans

VA ilaziin1sganfuuadgigniinite1Inay 420 urluwas (Li et al, 2011)

HO O O OH
Ri NF AN Ry

OH O

R1 =R, =0CHj3 curcumin (C)
R41 = 0OCH3, R, = H demethoxycurcumin (DMC)
Ri=R,=H bisdemethoxycurcumin (BDMC)
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(Tetrahydrofuran AR. grade), laniwu (Hexane), lanaslsilinu (dichloromethane AR. grade), v
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miaﬂﬂﬁuLLawﬁmLLUUéJam’]i’ﬂaLamLLazLLUULLmumLﬁu (UV-visible Spectrophotometer) \A3edsTIvE
wuununel@geyeyInia (Rotary evaporator)
2. nMsafinAsAliueuafIEAiazatevliafige
nsafnanslunisiseivihnisainlnedsnisusin (maceration) daedvhazats ¢ win laud
iy, lanaelsiny, o¥dlau way wuea  a9ladauUasianisunain  Tewtrakul, Tansakul,
Daengrot, Ponglimanont, & Karalai (2010) el
1) Fedwidnasdutu 140 n3u viefetrnuisdiihanldasluringUuy afndes
A Useanas 500 dadans Tnousl3Ussana 2 Su wienwusi 2 seu
2)  1E15aYaNNINTOIRIINTEATYNTONUS 1 WEITHIMEFI azaeRI8LAS0INaY
semewuunyuneldayInAladuainneuenis
3) ¥nsnaasauieItuted 1 uay 2 neasusviasaodulanaslsiiny 0@
Tow uazunuea Tngldnetiutuiy Idduataeulnraslsimy evdlauuasiyiusanudsu
3. WAATUTINuARSANuRYA
Tunmsifedldinnesivinueeiaiuend nelfinesaiudumsunmsgiumasg
mmgmmagﬂwa (THP 2017) wazAmukazAtue (Kadam, Bhingare, Nikam & Pawar, 2013) Tned
ABnseal)
3.1 MSATENAITAZANBUINTFIULADI AT
1) azanelAasaiu 2 Tadnsu mewniuea luvindausung 5 1adans
2) Fornaraeunsgiuainded 1 uldvaiauTunsuun 10 daddes Wild
AMILTNYY 30, 50, 100 way 150 lulasnSumeliadans m1uaau YSuUsunnsaigiunuea
3) ﬁwmiazmammgmﬁgﬂ q mmL%m%’umi’mmmﬁ@mﬂ%uumﬁ 420 U luLURS
G’hﬂm‘%aﬁmﬂ’ﬁ@@ﬂﬁuuawﬁmLLUUé’amﬂﬂaLamLamwLmeNLﬁu (UV-visible Spectrophotometer)
Tngldunueadu Blank wiassnsmanmnsgiuaesaiiu
3.2 NSLATENEIIATDENUALNTIATIEIUS AR ANUDYA
3.2.1 nMswdsuasiegansafnviuduanansatnneueney Tanaslsiiu
2alaY LarluNIuea
1) Feansatanervusiazdiu 10 Jadndu laluvanausuinsvuin 10
Jadans azarsuazlsuUsuInsmelunIuea
2) Berwasiegslasthduvesansazanslaandadi 1) 11 1 fadans 1d

Turadadsuinsvuns 25 8adans walusuusumsAmewnIuea



n3d17ana1ANanslIAna1ss Page |5

3)  diansazateainte 2) w1 dadans ldluviniauSuinsauin 50
Taddns USuUsunsmewnuea

1) farnsgandunasil 420 uilumns edesiansganiunasiauuy
dans1lalelanuazuuunasuaadiu (UV-visible  Spectrophotometer)  Tagld wniusaidu Blank
AN REAEYRUABIATILBEALUAIDE19INNTINIINTFIUVDLADTANY

3.2.2 Mawsuasiegauar sl siuTinueesafiussdluniuiusayya

1) ﬁﬁmﬁu%’ummmﬂsga 3 fhege fedeay 20 uAlYa WA HUEUTY
ponunadlmdiv

2) dadwiinghegisas 300 fadnsu ¢ 3 9) ldluviadauiunsounn 10
fiadans Ufuusmsiemnstlalasiiusy welidduiigumaiivies Wunan 24 Hlus

3) 1I9ANATFREINTUREINUTD 2) B9 4) Tupaun 3.2.1
NaN15I8

1. M3fneANEsalumMsaianasalivasafeainazateylingnge

Mnnsssiiuduadalagisnsuiindiedvihazats 4 wdin nsenendiuiiozanslaudaniily
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1

A1319% 1 USuauvesansanareuiiananisfivinazatssingi o

flvinazane Sogazvasdnsannnenu
LEALU 0.09
laraelsiinu 5.35
pyAlau 5.97
WYUea 7.34

spirulainisainuiiudumedivhazaty 4 vlafuaniaiuiinasoUsuaasadaneuile 39
lunsafameiinasansudaziln nuinsatamsumueaaunsaanaansiauinagigafeseay
7.34 sesmanfesvdlauiosar 5.97 laraslsiinusesas 5.35 uwavdgnmsianuuiosay 0.13
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asensuesgueesaiiunuitlansidunse tanswmnuduiusTerinsemaanaumasiv

ANUTLTIUYRNADTANIY LAAIFININT 2

12

10 y =144.94¢-0.0118
R* = 0.9999

0.8

Abs

0.6

0.4

0.2

0.0
o] 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

Concentration of Curcumin (mg/mL)

AW 2 AsENsIMSEIUIARSATUTAANMIRANAuLAT 420 unluwns
nmsnluafainudt mnnginUEnueeigivesdanasataneuildanasiuiy
fesviavans 4 wila fio enieu laraelsiivu exdlau uazumiuea wuiUSinanaosaiiuesdilld
Mnansataveruandvhazatets 4 wleunndisiufe laraelsimudosas 39.20 oxdlauosay
43.56 wazwnueaiosar 62.51 dnnenguivTinaaisaiadesunliaunsadiansadaundnseila
FefuagiiuldhasataveunnuiiuviudenmueassiiUiinaineiaiivesdiasiian sosasmnfosa
azane ozdlau uazlaaaolsiivu auaduddeyauandlumsisi 2

M13199 2 Usunaumesalivesnluansaianeuimegisviutuialya

dsanavieny FrogrsviiutunaUyadve
lomaolsfiny ee@lau  wmwea  dmigne eduquuas  dwwdulean
Sovazvag 39.24 43.56 62.51 11.50 10.39 9.71
\nasalivesd
2AUTIINANTIIAY

Innsatauiiudussfinazaty 4 sindslruafiaenndostuaAdoues (Kulkami et al,,
2017) lngainansmigiivinazaissinmiee Ao Aaslswesy, lWwn1uea, Wsassdwnlarezdlau nuila
asafimeunniigaileatindaumiuea fosay 5.6 WuAeIRuRUNIANY WY (Nabati et al., 2014)
13AnwInsuEnLardnEuLIanIz109 curcumin Anviuidinelunaiaiilos wsneUseimasnsu

lne3sivarnuatenuin nsadanieds venanlaeldiuniueailudiiazaielinesaivesdesn
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= a s a 13 2 o o R oAy o N e s a 13
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nfvazatednian %yield asian fe 3.2 Wisihasataumaaeugnsduduuainise lagldds disc
diffusion WuINGITarateMvlnzaulunIsanaluunenn Ao axdlau JAadel9tavainissuds Bacillus

subtilis ATCC 6051 117U 10.00+0.667 Uadluns wagwod Staphylococcus aureus ATCC 6538P
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Adnfny: Tuwneen dvhazaty nsann AuaudRnisiuauuAfiisy
Abstract

Nang dam or Pitang (Gynochthodes sublanceolata Miq.) is a medicinal plant, found in
southern Thailand. The leaves are mostly used as a natural food coloring agent and the studies
on the pharmacological properties of this plant are needed. The aim of this study was to
compare the effectiveness of solvents used for extracting Nang dam leaves and investigate their
antibacterial activity. Water, ethanol, acetone, and ethyl acetate were used to extract the
leaves. The extraction yield of the crude ranged from 1.14 to 3.2. The highest yield was found in
the water-soluble extract (3.2%). However, acetone-soluble extract rendered the highest
antibacterial activity using the disc diffusion method, this concluded that acetone was the
suitable solvent for extracting Nang dam leaves. The average inhibition zone for Bacillus
subtilis ATCC 6051 was 10.00+0.667 mm, and Staphylococcus aureus ATCC 6538P was
6.90+0.875 mm, respectively. Therefore, the acetone extract of Nang dam leaves inhibited
Gram-positive bacteria more effective than other solvents. However, its pharmacological

properties, such as antioxidant activity and toxicity in living organisms required further studies.

Keywords: Pitang leaves, Solvent, Extraction, Antibacterial property
uni
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[
=

UsgaAnsamvesniseengnavesayulnslunsdudauteqduniduintdn ann1s3denuindagduany
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wanuaeUsyi 44 vila ieShwlsauaznguanisniee deaenndesiunisfineiuginindus lu

o

Uszinalng (e3ams wavae, 2543; nAsw, 2544; WaQS, 2552) fiwnssalsedndumihunldsnwilse
wanaeiulumuusiaziun lnguinnisldayulnslunisinulsaazsihanldshulsaviengueinisiiugu

szavegidulszd

a

firlugruunsd (Pitang  leaves) wiolustuanaiJufiufiogluisd Rubiaceae fiFonns
AnenAans Gynochthodes sublanceolata Mig. Wuldddundsndssmuduliuaziu dulugmny
winmanalalagiamgluauiminvesauniald wazlagtiulssvisuluaudwmianeununialaagly
Tuussuidudnanomsieganiziunlidudvesdnd isgluluunsiddudsznouvesaisd

[J

WU waggui 2 lulagnaresuesi I

e

129 iearsuoulnleeily (Anthocyanin) Aegui 1
= 1 o A ¥ a L4 IS 1 a & o
nsAnwnuIluueidansiueyyadassuasngnumansiai 1wy weulnleeiiu Warliused dam

a

aees Tnalales e1luilu nsmluiu waznsnexdlu Tnommzans woulnlsenduiinulufivedaiidusuna
wn e sueulnleeduiinuauifiduassining (Pigment) fanunsalifuns Aihwuasiunbu 19
Suanslid (Coloring agent) wuluftwislunenuaznavesinuasnalsl (Adisakwattana et al., 2020) Ing
fvhazanefldlunisatnuoulnleendu Wud 41 emuea wnweauay evdlau laswadmwoseuln
lggrduduansusznaungu aalaueed (Flavonoids) lneUsznausiie 3 d@iu leun ezlnalay
(Aglycone) 1hana (Sugar) wagnyoda (Acyl group) waulnleeniuiilasadramdnidu anthocyanidins
wioiunin aglycone Tnefinnfueuivun 15 ozpou lasadefiuguduiuy C6-C3-Co fe
glycoside ¥4 2-phenyl benzopyrylium %30 flavylium cation (Fang, Haider, Pervaiz & Songtao,
2017) \Fousai lneiloguszann 6 wiln favnavesluiiy loun wafldfu Delphinidin) loendifu
(Cyanidin) v (Petunidin) ialnfiau (Pelargonidin) WiatAw (Peonidin) wazueaifiu (Malvidin)
(Promyos et al., 2020) woulnlwerduaunsawusiaidu 2 Ussianlualq Ao ueussdianng woulnlyen
U (Non-acylated anthocyanin) wazes@ianmnm weulnlgeiu (Acylated anthocyanin) yonani
Usglovtiveanoulnlogndudaduiiviifiarsiueyuadasy (Antioxidant) Tnstaganmnudesdonisiin
Tsavaonidosvialagasiu lsawu TsausSediniosen Sgvidreadulvisumedesudelse auu
una tsunRdufuluseneliity sutiansadudatonuaiile (Bacteria) Tussuumaduoims ds

Juannnvedlsaviosis uazemisiuiiy (Hagiwara et al, 2001; Pradabsang, Saengwiman,

Srisawat & Srichuay, ~ 2015) aMnWIdENUINIENsatRmefiinaduveds (Solid Phase Extraction)
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Hutsitenldlumsinliweulnlseiuudans Tnemsisgivimnaueulnlseiuamisauiadu 2
LU Ao nsiseiusinaeulnleeniutomue Wy 35Tey-Areiswidea (pH-Differential) #e
awalasiwesuaznisiinssisdauazUsnnmvesaulnleeniy Tngldiados Tasunlnnsfiveavan
Au50ULa (High Performance Liquid Chromatography) n13888fensn wWazn13888n18e9MIanIs
THunaaalasimedfilumadaiildsuiunies HPLC ienisiwmaneueulnleeniuiilivsiveia
(N3N @n1uA ua Adia, 2555) uenandmsleseisdinuasimnameswoulvlsedulngldis HPLC
szorfonnuiitavesasuoulnleedulunisuen 1nel435 reverse—phase HPLC azuenaiuaiiaiy

‘flg’ﬂﬁl,l,ﬁ delphinidin < cyaniding < Petunidin < Pelargonidin < Peonidin < Malvidin (ﬁwﬁﬂmaagﬂ

wazAudasaunaIne mansuazmalulag, 2553)

JUT 2 dnwasglunagnavesguuam (G. sublanceolata Mig,, Pitang)

[
a

Jagduenuafiseiinelminlsalivarnuatgaiunsanulanslufiu Wiuazenie faeg1uie

P2

wuaefduanngdidgiivitlinelse loud £ coli WuwuafilSounsuau dnwauziiuuns (Rod) agly

Family Enterobacteriaceae @unsanulaluanlavesuywenasdndonguiiounnuda uenanidaiu
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[

deuszandulussuumaiuewnsiineliAclsagnsys warlsafnidolussuumaduiiaanzanui
Ansoldniee1ms lneiinsnszanedeniuilonvudouuuasauazunasiy  (1nds, 2545) du S,
aureus \WuLUATTEWNTUUIN JUT9NaY (Coccl) Tngag sauiulunquaaignieedy nein15e1n1AlunIs
iule (Aerobic) wavliladsaues wenanil s. aureus Wudorelsaiiddey Snsdfiusuauluuiauna
Jauanvmrasnnfnarues TuadudenislenaluiiedifisameseunerilfAnlsaUamuudivi

= v

Tridnsnsdedinaededosas 50 (RRANY wazande, 2554) @3 B. subtilis WUUWUATISELNTUUIN

Y

JUI19U98 (Rod) @nansaadeates lneludunuveadedineliine1nisnedniau Uinvieaag1eguuss

14 < =

7119 938U eudsluden wazden fgnn1seneas (wadnwel, 2547)

(%
av A LY L4

NATeildunmAdendesnisfinwanseenguiieduduuniiseluayulnsviosdunfeuldluany
v W Yy A = wa £ & oy = v
Jwmdnveuauniale iWensiwiagaandd n1sesngns wazdunwimelunmsldivayulnsngniesiay
uyavasiivayulnseduluauiminvewnunialdariiselulueuinn

o/

nnUsEasANTIY

1. iefnwinseengnivasininasats 4 vila As U1 leV1Uea avdlau wazieliaosd-iav
mumnzanlunisadaluwiee
2. eANIANNENNNTNVRIANTANANENUAINUNNATUNSEUEINITAS Y URIRUATILSE

Tnelguuaiitse 3 via lawn B. subtilis ATCC 6051, E. coli ATCC 25922 wag S. aureus ATCC 6538P
ASANHUNISIVY

1. ayulwsnldluanuide

Tuwneen Whivannsuadee 81nedee Jminussna ludiandeunguniaufsdiquieu
IngFSmaaatuliuivsesewiull suumsludeslddulsa
2. Msafnasnluuean

2.1 ASENAALUN
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'
o Y]

ilunnssandnalvagenaialsuse wavdanmudududng antuds 50 ndu Tdlu

a

Uninasusung 500 faddns nduinuIUsuns 250 dadanslulnines dundunigumgll 60 oem)

Y

waded Wunan 30 Wil YiunsesnneinIenIesdnInId HIunseA1enIes Whatman wes 4 @13
afinnlaununssmeiiazateeeniagldinsesseieanyinia (Rotary evaporator) Wialdasaininly

a

wiudefigamgfi -20 asriwaidoa WHunan 24 dalus mnduanyiliuiednadafeniaesssmeuis
wuuionuds (Freeze dry) avldansafnmenu deiminuesansiiataldumuinmiosazuonanan
(%yield)
2.2 nMsananEfvinazaiy
Brluwesnddiazonnisliuis wazthuuduiudng euufeoeiesevay

a

$ou (Hot air oven) figaumall 60 e waldua Wuan 24 Falug arntuiluwisiiouwiaunds

U

Wwniin 50 n3u Tdasluwinguvuy (Flask) Usuns 500 faddns wWudinagaiene nuea 95% ol
Inu Laviefiaezdian Usuias 250 Jadans adluvininusuinsUnalrainaiiensea1unesd (Foil) i
vy v ! a & o P ° ° ) Y A
Al inSouwgrvuaiesvgndunal 24 Falas Weasumuunilunsesusnarsadaneulagldinio
N3098YINALAYHIUNITAT¥NTDY Whatman Luas 4 mnuudiaisiadalauisemesiinazaisean
Ineldin3asszmegayeyina (Rotary evaporator) Weldansarfminlluduisfignngl 20 ssraaided
1 24 Falue FlvusasnasamieaIessemeuiauudenids (Freeze dry) e wtnvesaisfianalaan
AU To8aZURINANER (%yield)
ﬂ{ v o
3. NMSNAFBUNSAULUATILSY
3.1 YUADUNITLATLULYD

o I3 a & | A 1 & o N &g O a 13 &

TR UU (Loop) auliiitesiite dnluillui@ens 3 slinanuasaAulte
A9 B. subtilis ATCC 6051, E. coli ATCC 25922, S. aureus ATCC 6538P waaiunainusotn (Streak)
SIUUNIRTRNTMT NA Wear 2 91U laglun1sinnnuwimsiudeu Loop Mldvsedinisuiluyn

a

Asafieg el antuiluvsiwzdenaumnl 35+2 sarwadea WWuian 24 Falus den

Y

[
=

TalativaauaiSowrazsin 31w 1 Talad W duawaluuUatswralidanwmzalruuuveaddalad Talu
d’l’ L) 1 c{' a a I Q:l d{' q' a dy
gImMTlie NB thluuuvigamgil 352 ssmwaidea WWuian 24 93lu9 WeiiuUSunie

QK ¥ S
3.2 NMINAHUGNIATULLUANLIY
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ndefiasduomis NB - u1vinisideansdaudannuioanadudu 10" 89 107
CFU/ml antiuninded dilution finududu 107 CFU/mL gaunu3unm 0.1 fiaddns luormsiva NB
uldluemins NA anturinnisthede (Swab) Tnelddaiulanglsfitidonuniidvasuuaumzides
Tneviidioas 10 91U (3 91) Feansatafiadnainurazfvinazatsuiedsay 0.1 ndu ldlunaoanaaes
nuiiluazatefie Dimethyl sulfoxide (DMSO) Tuu3uas 500 lalasans udagauiuTanm 20
lalasAns adlufader dilunauuemsiviins swab Wewasiirlutuiguside (ncubator) grumni
3542 perwalded Wuan 24-48  dalus ¥msTavuiaaunwesuinalaiiiniusouiarse
(Clear zone)

3.3 NSAATISHNGEDA

Mn1sieseviteyanisaddlagldlusunsy SPSS 160 lumisiasiey

Independent-Samples T-test lLag One-way ANOVA
NAN15IY
1. anwae waziovazvasnanan (%yield) vosarsanareruluwtsaludvinazatsunas

ANSANANYIUINNIUUNAIAIEAINIALANY U1 LONIUDA DLTLAY LALLENADLTLAM LU

dnsraulunemnemvazatawiniu 1 e 5 talunisana 24 $2lug Wen1ulATee Freeze dry Ay

[ |

I9ansaiane uNianwauzuana1eiu Ao arsanameusvinazatsurlnaneasldunsidng ansannaius
yazagenuealianeusl Ul ety asanamedivinazatsesdlnulianvausidunsdidedusy

WADY havansanacefIvinazaueasydinalianeustJurIAIenoou dIndansanaluuianiann

Y

° ' a Y o 1 _af a v a . ' Y] a9 Yo o
WaraeunazwiananiaflaluAnSesavaeamanan (%yield) wuin ansataneunltsivinazane

IS

wiazyiladlen %yield ogluyiesening 3.20-1.14 lngansanadannaieditazareragliien %yield

=

498A Ao 3.20 T8989 AeaNTanAMEmYAaraIeleTiaerdnn 1.32 arsainrigiivinazaieienuea

1.24 wazansanamefiniazatsosdlau fan Ao 1.14 a1ua1su dauanslunisan 1
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A19199 1 anwazdlazievazvoiandn (%yield) vasEnsannluuismlazivinazalsurazsin

ayulng fvinazany anwzuardveasansaiavEeIU %yield

v 3.20

a
ANGING|

LU 1.24
Tuwnas
ag%Imu i b i 1.14
AT UL DR D
L7aRsTLHA 1.32

NI I00Y

[ 17
v v =

g %4 o L% o 1
2. qNddugFaLuAiEava @ TaNA lULI9A lUAINasa18m1g9)
ANSNAABUANUAINITO FUNITIUTILUATILIBUDIANTANAAIYAINIA1EUT LBNUDE BT LAY
WarLefiazTLAn 1NIUUINAN LAeNAFBUN1SIUSLawUATILSY 3 YlinAe B. subtilis ATCC 6051, E.

coli ATCC 25922, S. aureus ATCC 6538P 8735 Agar disc diffusion Wuina@nsainmefivinazaiuesd

'
= =

Tnuanansaduda 8. subtilis ATCC 6051 waz S. aureus ATCC 6538P ladifian Ao 10.00+0.667

9

T8ALUAT WAL 6.90+0.875 TaALUAT ANUAIFU TOIAIUIABESANAANNAVINALAULNALTLAANAIUTE

(%
LYY

Ve B. subtilis ATCC 6051, S. aureus ATCC 6538P Lyutfginufe 8.90+0.568 LaallnT WAy

1 (%

5.80+0.632 HadLAT ANUAIAU @IUASANANNGINNATAELLNIUBE WaLUN d@1U1508UEe B, subtilis

ATCC 6051 Totiessiinufen Ao 7.40+0.516 Tadluns way 6.80+0.919 Nadwuns Audsu @ £ coli
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)=

ATCC 25922 laiflansainanndviasargvlinlaaunsadudauesinadla  daudivayulnsuising

(%
[ v o

o o 1 = . o va A v a = [ 1 [ %
Unfin 19U @1silen (Polysaccharide) vinliwitanadianunile waziluguassasenisanie deiudvi

b

[
=

ayrangn dfl ms}m‘“LLG]ﬂGl’NﬂWU‘L!@EJﬂ‘USUU(ﬂLLﬁ”ﬁ'JUWN‘] YDINIY

Y

aTefl 2 grisdudadenuniideresasainluusdluivihazanesiieg

P T, = P
faviazaenldlu
. y ]
ayulng n15ana ARAgYaINTEudUATIEY (Hadluns)
L9 9)
B. subtilis S. aureus E. coli
YU
ATCC 6051 ATCC 6538P ATCC 25922
- f
e 6.80+0.919 - - )
v u
RYRIRL 7.40+0.516 - - .
Hg
GETICH! 10.00+0.667 6.90+0.875 - .
udn
Tunnas Ry GREGL) 8.90+0.568 5.80+0.632 -
a1
Control (H,0) - - -
U9
Control (Ethanol) - - - .
e
DMSO - - -
g 1

0.5 faduns, - Ae hifinsinglanisdudauia

wanIALade + @andeuuuiInggIu (mean + S.D., n=10)

INENTNA 3 WuPIaEuRIgugnaslantsdudauaiiise 8. subtilis ATCC 6051 vB3aNs

Y

anane1uanesdlay uazlefiassdinn dauuanmneiueg1editedn

1Y [y

YN NENANTZAUAULIDIU 95%
(P <0.05)
M1319% 3 ALadevwIEURgudna1ndlanisduduleuuaiiise B. subtilis ATCC 6051989813

ANANYIUNG 4 BUA

GUPLI) MUY Ands  Srudsauuinasgiu F
‘Lj;’] 10 6.80 0.919 44.787*
B. subtilis LVUBAR 10 7.40 0.516
ATCC 6051 pzdlau 10 10.00 0.667
NlRREL 10 8.90 0.568

* uanangegelitudAnanAnseau 0.05
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31NA15199 4 wudrAnefsvesvuaLdurAudnatslan1suguaiiie S aureus ATCC

Y

6538P 9 nasanavenuluusaiananigmyinazaeys 2 via enliuanaeiusgredidedfgynieana

[y

NszAuALTRIL 95% (P < 0.05)
M13199 4 AnadevuadurAudnatslansdudauuniiisy S. aureus ATCC 6538P 489213

annvia 2 Yile

#@15ann MUY f’]l’]LQ?iEJ Ei'autﬁmmummg'm F
S. aureus
ATCC 6538P ot 10 6.90 0.875 3.220
LO7ADLTLAN 10 5.80 0.632

aAUTIeNa wazdsUNa

nNsanmaasantuneelaglaiiiazatevavun 4 ¥ia A9 U1 1BNIUDA 9YBLIAU WAL

Wiaezdnn wulasananatiamefivinazatewin Polar aprotic solvents Ao fvinazatsezdlau

va a

anunsodugsldaian esnueadagladiinygilarituosladiiansinluilu RX e R Ao wiyueada

& v o

& = A ~ Uy o v ) Py ° |
wlan Fadudivinazarenitiusiaannlalansiaunwanaqle inlranunsaainasiaabuluunami d@unng

annauuIaIeIsNsANinasenTaie Wesannsauiiauassaseniseandvesaisiaulnleeiy a

A0nARBINUNWITEVDY BINg1Ydl YIANN 95187 UALATITIN (2560) Wuddiinagaefivinzauluns
afnluneen Ae ssdlaunasiuniues winvaiseliuluaisadaluwisiansisdiviasaisesdlau
Wz inlillguassadenisaiauliesiu

U =

WiethluuemuvegeugMssukuATSe $a835 Agar disc diffusion lagvinisannluwiedisie

1%

fazane 4 3a Av U1 WVUEA a¥dlau waviefiapsdian nunasainandiazats  osdlau i
nseengrssuduaiiBennsuuanled fle B. subtilis ATCC 6051 uaw S. aureus ATCC 6538P o
10.00+0.667 T8N WAz 6.90:0.875 Jadung muawu e luwieuifiouiuauidoves 25evs
Useimg wazaisdl (2550) Aifnuansadariufinfisiansweulnlosniuguioitusiesviasaisoniuea
wazerdlau wuiifinisesngrisudsldilunueiiSeunsuuan fe B. subtilis waz S. aureus Wiy

11.00  fadwns war 10.30 dadwuns @rulusivinazatgeniuea As 15.00 Jadwes kag 12.50
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fadwnsluivhazaneydlay sudu Tuansatamenuisluuedwazansadaviuinlianseduds £
coli uonNTanaATeves Azuara, Beristain, Castillo & Jimenez (2011) la@nwia1sanmain
Capulin (Prunus serotina subsp. capuli) Tudaviagaigmng \eduduuaiise wuin ansafnein
Capulin (P. serotina subsp. capuli) annfvhazansezdlau Sudwuniise S. aureus ATCC 25923 18

<3 4 a £ 1 L o gj a a = ! o
bNUBY IWEJZLIGU‘L!’]@L?IUNWV:]UEJﬂa’]ﬂ’lﬂlﬁﬂﬂiﬂUﬁﬁﬂﬁﬁJ’]m 2-3  UARLUNT F9M19910 I UUIIAN (G

' o
= v v

sublanceolata Miq.) @siin158udslannan Ao 6.90+0.875 Taawuns @iuasannain Capulin (P,

serotina subsp. capuli) Tusviazanedn waztenuea aunsaduduuafiisounsuaulmanies Ined

'
=

yuadudgudnatnglanisfudalssann 23 Tadwes  Jeiiwinatsaiaanluunedr G

[
LYY

sublanceolata Miq.) &slaiflqvddudauuafiGeunsuau anmsAnumuiuuaiifearunsadiuunle 2

YA VUAUAIULANANVDINTLTAAVDILUATILSE  LATHUIN (B. subtilis ATCC 6051 wax S. aureus

a a A

ATCC 6538P) uazliuaiilsawnsuau (E. coli ATCC 25922) Tnsuuaiiiseddiulsznovvoadudlalnawau
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Abstract

Diabetes is a common disease affecting millions of people in the United States. The
prevalence of diabetes has been steadily increasing over the past few decades. Left untreated
diabetes leads to a risk factor for multiple complications such as heart disease, stroke, kidney
and nerve damage. However, diabetes can be effectively managed when early diagnosed.
Recent clinical data have applied various advanced technologies to diagnose or predict people
with diabetes. Therefore, this paper aims to predict diabetes by using a Deep Belief Network
(DBN) with Rectified Linear Unit (ReLU) activation function. Learning parameters from data
through unsupervised path using minimized contrastive divergent algorithm, followed by
supervised path using back-propagation algorithm. Diabetes Dataset from the National Institute
of Diabetes and Digestive and Kidney Diseases was used, consisting of female patients aged at
least 21 years old of Pima Indian heritage. The result shows that the DBN with RelLU activation

function provides an 81% accuracy in diabetes prediction.

keywords: Artificial Neural Network, Deep Learning, Classification, Diabetes Modeling, Pima

Indians
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Introduction

Diabetes is a chronic disease that occurs when the pancreas does not produce enough
insulin or the body can not effectively use the insulin. Insulin is a hormone that regulates blood
glucose. The importance of insulin is to move glucose from the blood into body cells. Improper
functioning of insulin causes glucose accumulation in the bloodstream. Three types of diabetes
are known type 1, type 2 and gestational. An autoimmune reaction causes type 1 diabetes,
which stops the body from producing insulin. Type 2 diabetes, usually caused by excess body
weight and physical inactivity, results from the body’s ineffective use of insulin. Gestational
diabetes occurs during pregnancy, which is hyperglycemia characterized by higher than normal
blood glucose values. Women with gestational diabetes have an increased risk of pregnancy
complications, and their children also have an increased risk of type 2 diabetes (Centers for
Disease Control and Prevention, 2023).

Approximately 422 million people worldwide have diabetes, the majority of whom live
in low-and middle-income countries (World Health Organization, 2023). The number of cases
and the prevalence of diabetes have been increasing dramatically over the past few decades.
Each year, 1.5 million deaths are directly attributed to diabetes (World Health Organization,
2023). The Pima are North American Indians who traditionally lived along the Gisa and Salt
rivers in Arizona, United States (US). The population of Pima Indians has one of the highest
prevalence of diabetes in the US (Pearson, 2015).

Recent healthcare studies have applied various technologies to predict disease dynamics
based on clinical data. A variety of diabetes prediction algorithms have been proposed to
diagnose diabetes. For instance, Wu, Diao, Li, Fang & Ma (2009) have proposed a semi-
supervised learning method based onlaplacian support vector machine (LapSVM) to predict
diabetes. The results show that LapSVM can be of great help to physicians in the process of
diagnosing diabetes. Sanakal & Jayakumari (2014) have diagnosed diabetes using the prognosis

of fuzzy c-means clustering and supper vector machine (SVM). Their findings indicated an
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accurate implementation of SVM through SMO algorithm for diseases diagnosis. Dagliati et al.
(2018) proposed logistic regression (LR), naive Bayes (NB), SVMs, and Random forest (RF) to
predict diabetes. The results showed that the values of AUC are higher for SVMs and RF.
Gadekallu et al. (2020) classified the extracted features of diabetic retinopathy dataset using
the principal component analysis based deep neural network model using Grey Wolf
Optimization (GWO) algorithm. The proposed model is further compared with the traditional
machine learning (ML) algorithms such as the SVM, NB Classifier, decision trees (DT) and
XGBoost. The results showed that the proposed model offered better performance than the
aforementioned algorithms. Faruque, Asaduzzaman & Sarker (2019) employed four popular ML
algorithms to predict diabetes mellitus, namely the SVM, NB classifier, K-Nearest Neighbor (KNN)
and C4.5 decision tree. The findings from the study showed that the C 4.5 decision tree
achieved higher accuracy than other ML models. Zou et al. (2018) used DT, RF and neural
network to predict diabetes mellitus with hospital physical examination data in Luzhou, China. It
contains 14 attributes. The results showed that prediction with random forest could reach the
highest accuracy. Dey, Hossain & Rahman (2018) built a web application based on the higher
prediction accuracy of some robust ML algorithms. The artificial neural network (ANN) had the
highest prediction accuracy (82.35%).

The examined literature above indicates that a variety of ML models have been applied
to predict diabetes among different populations with varying accuracy. In order to predict binary
data, this research presented a deep learning neural network called Deep Belief Network (DBN)
with Restricted Boltzmann Machine (RBM) to predict diabetes. The main objective was to apply
the DBN with Rectified Linear Unit (ReLu) activation function to predict diabetes based on data

from the national institute of diabetes and digestive and kidney diseases.
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Data

The Diabetes dataset used in this study was obtained from the national institute of
Diabetes and digestive and kidney disease. The dataset consists of 767 female patients of Pima
Indian heritage and at least 21 years old. There are eight independent variables, including age,
pregnancies, glucose, blood pressure, skin thickness, insulin, BMI, and diabetes pedigree
function. The dependent variable was whether or not the patient had been diagnosed with
diabetes, which was binary and indicated as yes or no. The independent variables were re-
categorized as 1 and 0, representing yes and no, respectively.

The data was divided into two sets, training and testing, according to the ratio 8:2.

Method

Restricted Boltzmann Machine (RBM) was introduced by Chen and Murray in 2003. The
structure of RBM is made up of two layers, visible and hidden layers. The visible layer consists
of visible neurons, while the hidden layer consists of hidden neurons. The architecture of RBN is

a complete bipartite graph shown in Figl.

Figl: Binary Restricted Boltzmann Machine

The visible layer (V,) consists of m neurons, and each neuron has two values: input and
output. Let C; be the input value and R(Ci) be the output value called Rectified Linear Unit

(ReLU) of visible neuron, as follows:
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m
C =Zh.w. +a
j=L

R(c,) =max(0,c;)

where hj is the output value of H;, W, is the weight value from to V; to H; and & is the

bias value of V,.

The hidden layer (Hj) consists of n neurons, and each neuron has two values: input
and output. Let dj be the input value and R(d j) be the output value called Rectified Linear

Unit (ReLU) of hidden neuron, as follows:

d; = Zn:"iwij +b
i=1
R(d;) =max(0,d;)

where V; is the output value of V;, W, is the weight value from H; to V; and bj is the bias

value of Hj.

The deep belief network (DBN) is a stack of RBM, and the structure is shown in Fig2.
There are two paths to find the appropriate weight values between each layer: unsupervised
and supervised paths. In the unsupervised path, each RBM uses a minimizing contrastive

divergence algorithm as follow:

where 1,1, and 1, are the learning rate for weight parameters, bias value in V, and bias

(0)

value in HJ- respectively. Vi~ be the output value of V, at the initial state, Vi(l) be the output
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value of V; at the one-step Gibb sampling state, hﬁo) be the output value of Hj at the initial
state, hj(l) be the output value of Hj at the one-step Gibb sampling state. The best weight
value in the unsupervised path will be the initial value in the supervised path. Back-propagation

neuron network algorithm was used to learn the data in the supervised path.

Input layer Hidden layer Qutput layer

Fig2: Deep Belief Network

There is no mature method to determine the architecture of DBN. Therefore, this study
used the experimentation method. This research constructed the architecture of DBN consisting
of 2 RBMs stacked together. The MSE MAE and R-squared methods were used to assess the

performance of the model.

Result

This research constructed the architecture of DBN consisting of 2 RBMs stacked together.

The experimentation results of the first hidden layer are shown in Table 1.

Tablel: Effects of first hidden layer

Input node First hidden MSE MAE R-squared
layer
8 5 0.4698 0.2207 0.7792

10 0.4413 0.1948 0.8051
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Input node First hidden MSE MAE R-squared
layer
15 0.4558 0.2077 0.7922
20 0.4486 0.2012 0.7987
25 0.4629 0.2142 0.7857
30 0.4558 0.2077 0.7922
35 0.4558 0.2077 0.7922
a0 0.4629 0.2142 0.7857
a5 0.4486 0.2012 0.7987
50 0.4558 0.2077 0.7922

The smallest MSE and MAE of experimentation in Table 1 occur with 10 neurons in the
first hidden layer. A second hidden layer was added to the structure. The experimental results

after adding a second hidden layer are shown in Table 2.

Table2: Effects of second hidden layer

Input Fist hidden Second hidden MSE MAE R-squared
node layer layer
8 10 5 0.4629 0.2142 0.7857

10 0.4767 0.2272 0.7727
15 0.4486 0.2012 0.7987
20 0.4901 0.2402 0.7597
25 0.4558 0.2077 0.7922
30 0.4834 0.2337 0.7662
35 0.448663 0.201299 0.798701
a0 0.455842 0.207792 0.792208
a5 0.455842 0.207792 0.792208

50 0.469871 0.220779 0.779221
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The smallest MSE and MAE of the experimentation after adding second hidden layer had
higher errors than the smallest MSE and MAE of adding the first hidden layer. Therefore, the
appropriate architecture of diabetes data is 8 input nodes, 10 neurons in first hidden layer and 1

output node. This architecture provides 81 percent accuracy in predicting diabetes.

Conclusion

Deep Belief Network with Restricted Boltzmann machine is a predictive method for
binary data. There is no mature method to determine architecture of DBN. Therefore, this
research define to construct architecture of DBN consists of 2 RBMs stacked together, with this
experimentation provides 81 percent accuracy in predicting diabetes. Defining a variety of
experiments by adding hidden layer and hidde neuron may achieve high accuracy. Furthermore,
diabetes Dataset from national institute of Diabetes and digestive and kidney includes a small

number of petient with a total of 767 cases.
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Abstract

Ferrocene, also known as dicyclopentadienyliron, is classified as one of the organometal
compounds that contain a transition metal (iron) and 2 cyclopentadienyl rings in its sandwich-
liked molecule. Due to its structural characteristic, this can also be called “Sandwich
compound” or “Metallocene”. Ferrocene and its derivatives have been studied extensively,
especially in the field of medicine, for example, their kinase inhibiting properties, which
inactivate malfunctioned enzymes resulting in the reduction of the occurrence of certain
diseases such as cancers, neurological diseases, diabetes, heart disease, and etc. This review
paper is intended to elaborate on the sequence of ferrocene compounds and their derivatives
in medical application. The data from various research groups have highlighted some important
properties of metallocene compounds as pharmaceutical agents. Therefore, the synthesis of
ferrocene compounds has become more widespread and well-known since the discovery of

ferrocene.
Keywords: Ferrocene, Organometallic, Sandwich-compound, Metallocene, Kinase-inhibitor
uni
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= 4 ~ ' v g Y a 1% = v a .
madontun1enisunng wazdauganisiiianatnafesdesian Brujninex et al. (2008) 1y
[ < v a o =) AV Yo [ 1 a = £4
Ferrocene davduansuseneussunluviadndinis lasuanuauladuegneds dedsenousielany

Ao win (Fe) wazalglaainungladia 91uiu 2 29 (il 1) gasluana A Fe(CoHs), Tlasaasng
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1

Usznuiuadnegusisuauds Jasenansuseneutssnnilindu Sandwich compound gndaasizyiay
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Tnatadey Tud 1951 Pauson waz Kealy tuufize1521n319 magnesium bromide ua ferric chloride
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19dns Ferrocene knuansNAaIN1sdaATIEY Ao Fulvalene
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A7 1 Tassas19ansusenauneslsty

fa o

a v Y] aa | 2+ o
Woslsduduasidedou TU F96unsnsensening d-sesiavedlanzaznaunals Fe' AU TT-

A o

pasUvavesszuUlalaamunyladtadununrivans (CHs ) nestluiuselang-aunua woslsdwdu

] a v

vowdsdduiiadosiuonnia wazanunsaoendlad dumeslsidoulesouuin [(CHs)Fel” Tigaumaiivios
= aa o o ldl 24
arunsaaneanlusluuululurdinuazuaninisindaiuy staggered (D5d)  lTuvaueitluaniugiig
weslsFuaziinisdnisesinuy eclipsed (D5h) nMsrunuwlaslstudugasuduresaiioasniluuiiadn
o 1% Y o oA a [ a 1A A ] a ¢ v a
wazanuulagnsrudrdudaainatgiluarviailnifnisenin iailulesesunluiuiiadn

(Bioorganometallic chemistry) tagnslguselowibneoslsdulavgereninaunsransiiuundy
& 4
1lai509

v 6" = o 4 6 = v ¢ 6" IS [ L4 a =
nnsAunumeslsdu Mlieslsdunareyiusveuneslsgugnduasigriuasini sAnw
989NN LRNNINTY Fouda et al. (2007) Iaeludl 1978 nquideves Steven Brynes loWeuns
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a

ferrocenyl Miingu amine %50 amide AauziSaliaidonv1vila lymphocytic P-388 @sta1susznau
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¥ A

Tuneaeuiunyiefnwgnsmuiiiesen wuhasngumleslsdtaanunsaiiugnsauiiiesenta Victor et
al. (1978) wazlul 2005 Auzves Anand laanuikaUAIAUaITUsENaUeslsTla Lazfnwignd

= A v . = . I3 ca a v Y] a
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1178179 nYNANansUTAeNss Page |36

N1sAATEINALITDIROUBlULARUNR NAN1SANYINUIN azalactone ferrocene Wag thiomopholide

amido methyl ferrocene (N 2) wansUAseiu topoisomerase Il kazdudinisinauveduuay

Miadnie Anand et al. (2005).

o &ro

O S

At 2 Tsaadns azalactone uaz thiomopholide amido methyl ferrocene

1% i I = v 2 1 a Sy 2 = oo

ARIEYBY John Spencer lroanwuuaisnguayiusvaaoslstulaziansliiuinlgnsauusse g
o 1 Lo < v v o a a a £

Nsveaeud s U NERuLzSlunaeANAaRINURITUNTRSLRULRYEIRINIS (EGFR) Spencer et al.

(2009) UaglATIATNVBINGUAITAINAILAAIFINING 3

o N
—~0 N+ ferrocene \j
j analogue  ~_ =N
-0 N 6]
HN
HN o NS
QO <
_0 N N
0 N \W _O N \j @ ~o _N
\O =N \O N Fe

G-t
ﬁz

Fe

29 3 TAseas19ves Ferrocene analogue

uen1NT @15 Suberoyl anilide hydroxamic acid (SAHA) Admdudnuilsarsifinisanen
wudulunsiduarsnlesnwiusisa aglasunisAnwinienatnlunisdeadiu  Cutaneous T-cell

lymphoma (CTCL) wieuziSemanunndesfinands Inenwuin SAHA Hgudsediu HDAC (Balnufeoxd

by
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a = a a 1 L3 < o A o L4 Y A )

Alad) warduszdnSanlunguigadueise dnunaisiauegves John Spencer duaTieviansiaivdnidu
auNUSYY SAHA vy FafAeansNfiTedn N1-hydroxy-N8-ferrocenyloctanediamine  (JAHA) lne
snudadldineslsTudnluunuinsuiavesiifia Fanuin JAHA uansaudfnisdudugaduzssluuingy

999 HDACs uananidalinisdaumsnzyt “Click JAHAs” nene hashananani1s8age HDAC laagnamie

o)
H i /HT\/W\)\NHOH
T‘/\A/\)LNHOH ©, 3
0 Fe
—

JAHA
SAHA

N=N 0
@_Q\/NUNHOH
Fe
=7

Click JAHA

AT 4 TAseadneved SAHA JAHA wag Click JAHA

Butler et al. (2000) Afiarinanulumsduaszrasuseneuesisdlavarsyauaznaaeulunaen
neaesiugaauziSIenvasyBdaeRug H1299 %aahuimyjuamm ICsp $1797 10 pM. Goel et al.
(2007) laglaniy N-(6-ferrocenyl-2-naphthoyl)-Y-aminobutyric acid ethyl ester Fuanaen ICSO‘ﬁ

0.62 UM wazdsfigrsluvaeanaassnnnindlewSeuiisuiu Cisplatin, Mooney et al. (2009).

NH

0]
0]

)

Al 5 lassasnsves N-(6-ferrocenyl-2-naphthoyl)-Y-aminobutyric acid ethyl ester
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SNH;

Cl

VA

cl NH;

A7 6 TAT9as1eves Cisplatin

Neuyen et al. (2007) ladaiAsIe9i tamoxifen, hydroxytamoxifen Wag hydroxyferrocifens a1

Y
[

UszillunsAtunisiinsiuan hydroxyferrocifens Tuwwad MCF-7 (WwadugiSaduuiduniueasluw)
hydroxyferrocifens ffnaninannnin - hydroxytamosifen tanies ianuidudy 0.1 pM  wazaenini
1uM Tuaus hydroxytamoxifen lapengnsuuigadlivuiueesiuu wag hydroxyferrocifens wansen

ICso 110819 E U]

A9 7 TAT9a319u99 tamoxifen, hydroxytamoxifen wag hydroxyferrocifens

Ferreira et al., (2009). lownuniawmuidaniomaslsdiauy raloxifene @15UsENaUNNAZBUNINUA

& 1
o

ad & a 1 & 1 1 < o 1 < v
LLﬂfﬂﬂi]V]ﬁ‘V]LUUWUGIE]L"ZIﬁﬁG]Eﬁ\‘iVLSU N%Li\‘iﬂ']ﬂllfﬂ@ﬂ Jon mléﬁ,mg waraziSua1ul luussaansuseney

(%
Y

AINAUA WanIA 1Cs, Tuszaululasluanssn uagsininves Cisplatin
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And 8 1Asead19ves raloxifene wag ferrocenyl-ralocifene
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1Y
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Feansusznoulvill uansgnsiiduiivsewadidinueaduzswongnmnniliduiugesluu PC-3 Agen

ICeo 71 5.4 LM
CN
CF.
FaC o FaC 0 ’
S oo
b/NH )],NH Fe
(o] (@]

27 9 laseas1sves Nilutamide wag Ferrocenyl - nilutamide

1%

Hottin et al. (2012) lavinsdansngrignveduinia iminosugar-ferrocene hybrids @euanansdudei
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° a I o N v A A = ] N o 3 a
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’ OH
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A7 10 1A59a319989 Iminosugar—ferrocene hybrids
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wasedlul gnduasieilay Biot (2004) Inefl Ferroquine lasunisiigauudiinduenduinansen

aa LY
Angn a Jaguu

CH
CH, 'k
N__CHs HN/\@/\N’CHS
|

HN)\N
Fe CH
RS = 3
oo ) <
Cl N Cl N

At 11 Tassa319e3 Chloroquine way Ferroquine
Sansook et al. (2018) l§insdnpseiansuszneuiivszneudemaslsiu 2 afinsauiuans
fudla lewua MNK1/2 (MAPK-interacting kinase) ansusznauiilgsunisesnuuulviignuvas vy Tneli
ferrocene ”Lﬂaaujmw‘imquﬁﬁu hydrophobic pocket mﬂmamsﬁﬂmLLamﬂiﬁLﬁujwﬂgﬂﬁaameq‘m'é

v & aAao & v a s & & N a ) a
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| I L.
. LN S 0 kN S O
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A 12 Taseas1aves MNK1/2 inhibitor auiius ferrocene 1 Wag auus ferrocene 2



1178179 nYNANansUTAeNss Page |41

unasy

WuAawsin1sAUNY Ferrocene ylvidnsAnwanstunguiuvialaguiiisiuegneninewanesiniu
P 1d | A waa 1 = waa 1 @A ) [ .. P
Weean Wuansnquilinuautanuiauls wilsluaud@nuiauls Ade n1siluiluy Bioisostere Liie
ilUTduselesineiunisunng wu nsdaasizsiuazisul Inhibitor  agents enufinlual 1Judy
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Adagy: aslndlendnezlsundnlalasasueu asneustss o1mse
Abstract

Nowadays, erilled food is very popular, especially charcoal-grilled food since it produces
color, unique smell, and taste. Charcoal grilling can lead to the contamination of PAHs in food
which are carcinogens. Therefore, it is important to understand the mechanisms of PAHs
formation to find solutions for reducing PAHs in charcoal-grilled foods. Although the mechanism
of its occurrence is still unclear, previous research has assumed the mechanism of PAHs
formation in charcoal-grilled food as following reactions: incomplete combustion, pyrolysis, the
Maillard reaction, lipid oxidation and degradation. The reaction depends on grilling process
factors including the amount of fat in the meat, the component of marinate meat before
grilling, temperature, cooking time, and charcoal used for grilling. The methods for controlling
the factors that cause PAHs formation are as follows: equipment design for reducing the smoke
during grilling process and oil dripping onto the charcoal, using high-quality charcoal, burning
whole charcoal before grilling food, partially cooked meat before grilling, prevention of oil drop
on the charcoal by wrapping the meat before grilling, which can reduce PAHs formation in
charcoal-grilled food. For future study guidelines, it is interesting to study the cofactors of PAHs
in charcoal-grilled food to determine the relationships between the factors contributing to PAHs

in charcoal-grilled food.
Keywords: polycyclic aromatic hydrocarbons, carcinogen, grilled food
uni

asindlemaneslsunanlelasaisueu 3o Polycyclic Aromatic Hydrocarbon (PAHs) 1u
asUsznaulalasasueuamnsainlienusssuni sainanmsnlndldauysaivesansdunds
(Viegas, Novo, Pinto, Pinho & Ferreira, 2012) RVRATIVE QL‘U’]I‘V\I LLazmmmLﬁmmﬂﬁﬁmiﬁmmwwé
1w nsindfieiimsinens msudesaiuvedlssugaainnssy msvaesleldsainsasud uay

nszvIunIsulszuenmsiagldauou wu nsgne mamen nssuatu Wudu FuilbiAna1s PAHs
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Yuwlouluomsla (Singh |, Varhney & Agawal, 2016; Simko, 2011) nisUuiouvesans PAHs Tu
91M5aNUsaU B UAILALNEI TR AUYEIIMTS WB9RINaTS PAHs nuldludawinaau usaznuans

PAHs WinTulua1mslanIunTzUIUNITAANS DU USuiaans PAHs NUwdauluaimsasuanmieny

[
=

YuagiunsezuIun1skuszueImis (Orecchio, 2009) MNIIBNUNITNAGDMIUTHINENT PAHS Tuemis
U 69 Ussnmilounstan whiu 164 Tulpsn3usenlansa Tunniedionmsnenwuans PAHs Tud3una
Tladanntdn (Phillips, 1999) %’Jﬁ]ﬁgﬁ’u"l,éfﬁmsﬁauﬁiﬂﬂmmishqmm%ulwmsmizmm \iosanemsenadl
Snvazaneieiunay sava wazidoduia Wy Ysaneuadeinnslouuiinaenmsens Taun
doazidy Tidhe wazUandns emmsiananilimsuuiliouvssans PAHs danuans PAHs luiileasifzens
feanu 6.98 + 2.01 lulasnsusieilansy UJahurul, 2013) waznuindwulduludianisfeddunisdu
TsruzSavasnululseweuiade (Farhadian, Jinap, Faridah, & Zaidul, 2010) wiesainans PAHs 1Ju
ansnouziSiuazienay 88-98 1amelésuanmsiuioulueims FalafinnsivuannsgIuUTuIN
avaninuldluamsusziantieens Ao Yunnugegaiinuaaiuuluelniu (benzo(@pyrene) Wiy 5
lulasnsusiedlansy uaz Usinalnesmgeaninuasiuulsielndu (benzo(a)pyrene), anstuulsiouaum
57%U (benzo(a)anthracence), ﬁﬁL‘UUI%'ﬁ‘V\I@UI@ w5UTY (benzo(b)fluoranthene)  wazanshaTy
(chrysene) winiu 30 lulasnsuseilansu (Commission Regulation (EC) No 835/2011)

a5 PAHs - anansaneliiAnnisnaneiuduazneliifnuziseldfedinsisyisdunsefionses
AnTu ilesainsresmeanansaduans PAHs lévanens wu nsganulasemevsaiusiaiy nsduranis
Rawils wagnsiuomnsiiinisudeuans PAHs Gsuluauiliguyniagldiuans PAHs a1nn13gn
pu¥oray 2-12 warannisiuensiivuiouans PAHs Sovay 88-98 (Alomirah et al,, 2011) tilaiing
semeudlazyliiinnsidsundadasiadisanansadusatuisuely (Phillips, 1999) @13 PAHs 4
”‘UﬁLSuLaLﬁWﬁumﬂﬂﬁﬁ%mmaa esterified N-hydroxyl-HAs wazazmau C-8 U89 hydroxyguanosine
Wevliannsusaves dG-C8 HAs (Hassan, 2010)

nalnnsiinans PAHs szwinenszurumsndnemsiagldaudoutu finsduivgiunisiaa
a3 PAHs  nUfAensineg Tnefmnuduiiusiutladeifeadostunisudssuemsildnimieu 1w
wddlinrudou vlinvesemns guvnd uazian iy vnanuthznanduanzdaded fuadenis
Anans PAHs  lunszuaunisgnsseaiy densinladenalnnisiingns PAHs  szwinenisgnsasyili
annsaanuariosiunisiinans PAHs Tuensnsehedneuld deldsausauiemiiadosiuans PAHs
o

el dnwaueiiluresans PAHs dunseuetans PAHs Jadeuasufisenilinasianisiinans PAHs S9ums

wadulUlalunisanusunuans PAHs Tuaimnsegesmeniu
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anwazn2lUvasdns PAHs

asindlemaneslsuninlelasaisueu %3e Polycyclic Aromatic Hydrocarbon (PAHs) 1u
ansusznaulalasasuoudifinnndt 100 vlin a3 PAHs Huansusgneuferauudusdau 2 wsduly
azanglaflulufunavavansldvoslut esmnluasiliids ans PaHs Hunduansfifidnumsiy
vosuds dvm videdndosdoutuden lusssumdaglinuansieiaieainnulsuuogiuasviadu
iane Anuasnsalumsazansldvesans PAHs azinnsidsuutasegisnnluaniizaaids s
WasuuUandnteslasiamzluiignmaisn a1s PAHs  asnsasendladlasuas auamnsalunng
nanewduleaswndufutviinlaana anwnsanuans PAHs ludannden fu th wazena Tnevily
wEragmuans PAHs Vuiloufuansivalindulasianiglanswinuarseia 1dun a1suy uwudoy

wARLley tasley aend Usen Unia way dinzd (Tamakawa, 2008)
dUATIBVDIENS PAHSs

dosnans PAHs Huansiineldifnmsnaneiuduagdelmiousidlunyed fuduiafinigdh
sy¥aUTinmas PAHs ludwnndeulasdrinaulntlesdsuindeulssimaanigonini (The  United
States the Environmental Protection Agency, U.S.EPA) lannuunans PAHs 91uu 16 %iln ﬁdgﬂ‘ﬁl 1
datAnnaludswinden wazans PAHs mnaawnlndlfuagdiu dwiunsuuidouans PAHs Tu
p1nsINdanndenuasnszurunsuUssUlasudussiuanudufiviionsvzdeliiAnusisduuyed
Tne03An1539815ANLLSIUIUIYR (International Agency for Research on Cancer, IARC) &in15A1%UA
419 PAHs 91u2u 4 v9ia lawun arsiuuleielniu (benzo(a)pyrene), @15tUulels WoUNIITU
(benzo(a)anthracence) astuuladnglousuiiu (benzo(b)fluoranthene) wazasledu (chrysene) 1y
sedunsneliAnuziSeiansned 1 Tagans PAHs siauuleelndu (benzo(@)pyrene) Wi Tavesans
PAHs  afinfiiuansnousds Wesnniluriaiifqninenzifeunniign anudufivvesans PAHs e
sremeldduluyimamnn agiliAnenmsseaiefiosmn aauld endou vieads e1nsiie uieenis
Fuaudundu ans PAHs 8199z sUMunsTwesndevueadiinusaniuszuuieuledfaduaimg

[ |

1 Y a < =l ! [y 14 a < c%’ (Y 1 1 a A Yo
ﬂEﬂ%LﬂﬂIﬁﬂN%LﬁﬂLLﬁ%NNﬁm@ﬂ’ﬁﬂﬁﬁﬂWUtﬂﬂ ﬂ?iLﬂﬂN%LNGUUE]EJﬂU{jﬁ]‘\]EJWN"'] oA UiiJ’]iuV]ﬁNﬂ']EJVLﬂiU

Y

AUEDNITNOUAUDMBANT PAHS LAZANAINTAIUNISTOULTUALDULDVDIT19N"Y
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A1519% 1 MTIUNUTEANAITNBULLSILAEIANITINETSANELS IR (U.S.EPA)

15 PAHs &Y N135311AAY
aswulaelniu (benzoa)pyrene) 1 AelAnuzisslunywd
asiuululeneuns@u (benzo(a)anthracence) 28 onmvzneliiauzsslunywd

asiuulednglowsuiiu (benzo(b)fluoranthene)

&15LA5TU (chrysene)

naphthalene acenaphthene acenaphthylene phenanthrene
fluorene anthracene benzo[a]anthracene chrysene
pyrene benzo[a]pyrene indeno[1,2,3-cd]pyrene  benzo[ghi]perylene
fluoranthene benzo[b]fluoranthene  benzo[k]fluoranthene dibenz[a,h]anthracene

1
=

Ul 1 a5 PAHs fildlunisiihseds Sruau 16 vda (US.EPA)
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INASANYINUILTMNEIT99N156HANES PAHS TunseuIun1s819uL wuldnnaknnisuinans
PAHs 1 nuaneufizen iesaniimududou Alomirah et al. (2011) laasunalnnisiinans PAHs
Tuo1mse19mIsaIu F99719920RNAN 3 Nakn Ao

L

1. inanuiselnlslada (pyrolysis) vesansdun3d laun ludu Wskiu wazanslulaw
wilgaumgiigenin 200 eariwaldea n1snefaYesans PAHs aztAnldAfigamail 500-900 ssrwaLTea
Tnefiusanaans PAHs andiudunuuiualeiuluems

2. Lﬁmmﬂﬂ%mmﬁ;']ﬁuﬁw8@1awumuﬁuagiﬁ’uqmmﬁﬁiﬁmm%’auLLdu’faéi’Wi ilviin
a3 PAHs aepanfuatuudafnfifnvesdednd

3 Ananmswnivifldauysaivossusnriraiednd GeaeviliiAnans PAHs fnundu

[y

AU

Jadwn1siingans PAHs Tuamnsdneanlearuaindsunasluduvaaiiodns

luduveaiiedaiazgniivliludeodsludu Jainandaildndanuainemisuinniinganie
aon1sld Fsazanliludnvazveslviulundiuionisg ve999ne odndauisaiinuiizen

£ (3 b4

@@ﬂ%m%ﬂi%%’j’]ﬂﬂ’]ﬂﬁﬂ%}ﬂw’] Hesannsyinnuveaeuley Wellledningnainuseusyninenssuiunis

Y

aaa a

wUssUagiansleulesdiiiusussuisonisiineendiaduld UfATereendinduiitintussning
nszuumsimniouazioondaunazlaneidudissufizen
dovndednilugnamemulutiluiednissgnanuiouiiliAnuaAsedineendindu (lipid
oxidation) waznsaane (degradation) vedlasiuiiliiduss annduazviliiinans hydroperoxide 158
a15UsEnou cyclohexene ansfiAntudanansidsuluduuudy Sefimsuivguiiuuduiifnduan
311 3 30
1) dleleufinnisaaieda (degradation) in  cyclohexene dsanusneondlag
(oxidized) Wulunu
2) lelushufinnisaanss (degradation) WustdstmItemiueuiumsuaUDIYh
UiAsefuansuseneu dienophilic teaiasusznouiiusenauserumuluuduiuujise Diels-
Alder
3) naaluiulidusazgnesndlad (oxidized) flerelviAnlalnsiauesoonles
(hydroperoxide) Mntiuasinufiisenneluluianaiinesvesansusenoudsdou 1wy cyclohexene
uennilusudusaninsnifn degradation uarldiuudulaskiuUfAsen Diels-Alder Faiuuiy

Juansasdulunisiinans PAHs (Chen & Chen, 2001) Wlefinvesilednignainuiounionmgiigunn
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wazeINAwA bsiunivesiedaianunsainufizenlnlslada (pyrolysis) F3a1nUfAzendinanisesyin

TAinansiuudu (Maher & Bressler, 2007) nisgnaunistiminuseulaensauniiodnd sy lmannis

Y

nefvainals PAHs lnaufjisenlnlslada (pyrolysis) vasludiuninllodnitazazazanans PAHs uu

¥
A v

Wodnd (Phillip, 1999) s1891U%09 Maher &  Bressler (2007) wag Phillip (1999) laatfuayude

duilugrunalnnisifnans PAHs dofl 1 ve1 Alomirah et al. (2011)

Uadenisifinans PAHs Tunssuaunisgnedieaiuainiasasusesansatmiin

Aounisunllednilugnslatinisiiinsawfsioinioslgesansoumdin - (Marinate) lagvialy

[%
o o

A uUsENaUNANUBIUNNTN 99l woafMand WU UIPa kaztAIauNA NSUINLadR IneunaINg
NaRDN1SLANANT PAHs H97u358n1519minATd1uUs 2N o UTAT o NANUINEILNTNaAETNONZ LS

UszLan Heterocyclic aromatic amine $g1319n15Ug90msMeAN5auld (Gibis, 2007) d1usu

o |

MAFeMslEmdiniifiduusenevveansosndlunisanans PAHs Tuemsegnatiu deyadaliuintn

¥ v
< & & o

% A o &1 o 1 a a [ S & o [ Y
mammuaammauuﬂﬂm&L‘UumimmammLLazaﬂwmzLuaamammmaam Uninidudade

]
o = o = a

dAgienvvzneliiinans PAHs Tunszuaunisg tiesandiudsznevvesuwdn nsifuludunie

N

dhiuludruusznovvesdmdnasylfiuvsunalefuvinaiiveuiedns feazildifiuns
Wnufnsenafineandindy (lipid oxidation) kagnsaaneda (degradation) off NNUHNTYINA1ILI
ThAnuuguiduasidureimsiinans PAHs Usunansaluduliidussensalatudusaludsuiidu
dutsgnouresimsinduarilfAnans PAHs Tuldgns nudnbduiiinnludulidusgesduiamnis
Anans PAHs  lgetiesndn wisfionavgiinuiAsadestuarsdiuoandiadu (antioxidant) Aifieglu
duszneuvesmii warwuinen pH yosminiiiuduiinasenisiinans PAHs Tuldgns Faen pH
wnn 7.5 axviiliians PAHS ity 70% (Wongmaneepratip & Vangnai, 2017)
Tumenduiiunsiiuadeand (spices) 1wy nsuiflon e Wudiulsznouvssinsinly
USinafivngauannsatesiunisiinufitemaatia (Maillard  reaction) wuin MsiAaufAzen
Wwaanse (Maillard reaction) Tudunsuwsniuazsildiingns Proline amadori compound
(intermediate) @ unsanadluans PAHs 1@ (Britt,  2004) ﬂ’]i%ﬁmﬁ/@%iﬂﬁ@uﬁﬁlﬂﬂﬂﬁ’lEJ‘ZH&I’]LG]
(yerba mate tea) Feflanwanunsalunmsiduansiusendindu (antioxidant) @a1u150ann15Lin

benzo(a)pyrene as0e1911n (Park, 2017)
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Uaden1siinans PAHs Tuaunsgnanleatuannaulsd

d1u iuvesudelianmsuyssuliihenssurunsiaiiaudou (Thermochemical process)
wionszuiunshnislada (pyrolysis) Tneniswnlvdlufisrinennia vilannisiaeuwlasesdusenau
maniivetls Fsdwazflesduszneu 2 dw fo msueu uazreavan Wy WuAu (tars) muaAsgL
w0 Susgusani une.658/2547 sruldidmiutiauazeng aseunquianizauitldainnisenld 14
dmsutluarensomns dwlivsfudosidmariiae lifimviuuaylifnlndliauysaiuey Ay
liAugosay 8 Tnethwein Arnudeulitiesnit 7,000 upasssenda iliAutesas 8 Tnerthwin ans
smeladiiudenay 3 Tnsthudn nsldnuslednlndedhifazfnlinsudiu dasulddndes

dmfuesdusznauresinuuonanaziuegivrinvedliiiinnyiidiunds gumgilunis
asuauludu (carbonization) WWuiladeniafivihliesdusznevvasguiilafianuunnsiei nsiwals
douddldgnmgiinisusuluiedu (carbonization) 400 esrwaldea  axldduiiiesdusenouie
Cellulose 33.8-48.7%, Hemicellulose 23.2-37.7%, Lignin 19.1-30.3%, Extractives 1.1-9.6% NUIN %
Yield wosshuduagiu Lignin uaz Hemicellulose Midudulsznavvesuiusaduasld

nsldau AeuthaulUldasiimsmnalvanlvasiaueiitounoutlugrsems duneld
mﬂ%"]ummﬁjqsmﬂ"avl,ﬂf\]3ﬁmiﬁ'lmuﬁamlﬁ/\lﬁ’aﬁy’qﬂ'au‘u%mﬂﬁqﬂﬁwé’m%’umidwmmi nsvinliau
Aalvhareuiiy ssvhlfanusinaausazans PAHs Wumsldanuduwavingiuiu (tars) lugu e
11’1Lﬁammwumuaﬂlw%ﬁzqﬁauuazﬁqmmgﬁﬂszmm 200 asALwALTYE WUINES PAHs SUSunu
anad (Kao, Chen, Huang, Chen & Chen, 2014)

Ua38n156nAa15 PAHs Tua1ns819a280141NNSEUIUNISHAR

1. aaunnaNtYluniseng

9 U

a

nsgrailednilagiiluuadazldonmail 200-300 asrwaldua WoemnsiasuauTougumal

Y

geuInndn 200 esrealgea wuuliauseulaenss WU A15eU N15819 YIRS PAHs  ¥ila
AelAnuziSald esannsaaefmianivesasdundsluems wu aslulewmsn Tsiu lusuly
{uans PAHs (Bansal & Kim, 2015) ilethemnslgrsuudnlifigumaiigsazidusnisenisifiny §isen
afinoendindu (lipid oxidation) waznsaanes (degradation) 1NUARTERINENAMULTY Faudu

a o

a1snerulunIsiing s PAHs Msgemisigamgiiasagyibidnduneauuiuanniuinuiselnlsla

Y
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%4 (pyrolysis) agvilAnuuduld uennigumnifiasashlihiuavauvumuanniuisazdamade
MsiAnATuLazans PAHs 1N giiinYeie1msen
2. tanitldluniseng

Pan & Cao (2010) ¥NNSNARBIHATBILIAINTTENABAITAAAT PAHs  WunUTanw
Benzo(a)pyrene luilovgifindudlonainsgafiuiu Siaenndasiunsvaaesmes Kao et al. (2014)
Ie@nw1Uanm 16 PAHs Tudusingg veslignsinaunnsistu wuin drveslignamnduiiuinaens
PAHs ifisduiiorianifiniy nsldszeznargauuagyiliiaufizedfineandindu (lipid oxidation)
uan1aaes (degradation) iindunaziiislontanisuuidiouans PAHs Aifnanfuatu Uinmiaves

91MSEaSI NN Az ANYRINTUANeRasUUa ULt nladn Tla
U238n1560Aa15 PAHs Tua11in5819028 071U NNEAYIUINUAIUUATY

sgnIen1sgnemsiioamgiigiasldauldiduumaiauioutu dnfiuainemisaiuise

1 [

VRIUUEIY VIAARENS PAHS 1launannmsiinufiseinisuningdliauysaivesindunnenasuy

1
a =

dnuvgtggias Faagviliinaiudulaefians PAHs asfinuniuaiuwailuinisusnaiiiveseims
1 dy’ol v 1 o Y a aaa IS) . g v A a

19 wenaniuniunvenasuuiuasiliinujisenlnlslada (pyrolysis) vesniunivenauiusiim
f1uSaUTRL I IARANS PAHs AU N153ATIEIans PAHs Tuatuiiinainurduiiviensenainlng e
gaunil 250 Uay 400 BeANALTea Wity 16.63 uaz 105 lulasnSusiensu iinanufisenlnlslaga
vaagiunveaasvuwnadlinuseuysunaas PAHs  luniuasiiiuduiiogumgi 400-1000 09

\walded (Prathomtong, Panchatee, Kunanopparat, Srichumpuang & Nopharatana, 2016)
WUINIINsanUsuNEns PAHs Tuamisdnsfaeanu

1. Suaulasiumdussddsznavluilednd

saa

& o a & o ¢ do = | & o ¢ oa a & o
ﬂqiLaE]ﬂ'JWQﬂ‘U (LUadnq) Vluﬂmﬂ‘gqmmimm,a@ﬂ AIUVDILUDEANINIDVUAUBDILUDEFAINU

Ysunalediusin damnluanunsadeningiu (Ueodnd) Nlvsuialudusiiundsseomisla aisiinasld

I )

TUNDUNIITNITNANDUTINAE U nsyilianneutluegns wu n1stlasedu 33nsildladunisan

=

Ysunaleduluiiednd usilunismvauladediduiionsazaiunsaanals PAHs 51319055UUN15E
g 1nnsfnuU3unn 16 PAHs Tueimsgnaniiesnusenaumaaiuansneiu qell 417lna A3 Yan

5 (o3 uazilleny wudnllevyiiusinm 16 PAHs geiigade 78 lulasniusenlansu mumelain
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sw 21 lulesnfusdedlanty wasidoth 15 lulasndudedlansy Uiinaluiuludonyfiundian

sesasndolannsdi uasiiiotr esdiuldindevafviinalefuinn  Vildiwuuiinm 16 PAHs

wnnIemsUssavduiifiusinalasiutiesnin (Saito, Tanaka, Miyazaki & Tsuzaki, 2014)

2. mawdinilednifaeieiasgesauiaviusin
nadendiulsznevveuniessssaviedviinlviinzay Tnsnnsuandesnisduidunie

U [

Tosududrutsznavvasdmdn wmsizazidunisiiuvsunaluiuiiiveaidednd wanaininisly

aaa s

\ToanA Wy nseLiien uagavey lulfinuilmngauszansodostuuiidenuaaida (Maillard
reaction) ¢ nswiniilednidedvininadesanfuazidodudaveaiodnisns nsusuuss
dutsznoutesimiinifieanats PAHs Judsinismadeutszanduiavesiuslnanugiulude a1n
miﬁﬂmmi‘wﬂﬂL‘ﬁaazLé}”géhaﬁmﬂﬂqmﬁlajﬁehuﬂ3zﬂawaqg’1ﬂw%hﬁu wazdd1uysznouves
nszIvsuLaziIvienilusunel 16 PAHs ﬁwﬁqmwhﬁu 65.19-56.09 pg/ke  leiflsusuimingid
drutsenevvesluiumiernsiunay lifduUsenevvesnsefisunay ey (Farhadian, Jinap, Faridah
& Zaidul, 2012)

3. gudildlunsgna

1. msanUinaansszmeludulaensldgumgiansusuluidu (calbonization)  figalu
nsEUIUASHARANY InnsAnEgamMgiianTusululedu (carbonization) Tunsuananulsl # 500, 750
wae 1,000 IALYALEE WU ﬁqm‘mqﬁ 750 way 1,000 s waldea dUSua 16 PAHs MAA9INANS
wrlugianuiiesning 500 esrwadea (Chaemsai et al, 2016)

2. msunaliaslwiafeuneuilvldgmzrianatutaranssemefiiatulutiusnvesns
WID1U (Kao et al., 2014)

3. mswasuuiiasauvesiiiuazanunsatisannisiingns PAHs e19asviliifiudnlddnely
MsiAsud wiannsemesdndasilusafgduld wszsuunliuvesuslalulagtuiinsquaien
Taldaunmanniu mslduldiradedussesnamlaglifinaudeusuagi omsensdiuiuna
15 PAHs 3nnninemsensiignadaeanilutiusn ieseniinnsavauvessunaisuiivesasuudiu
(Viegas et al,, 2012)

4. gumaiiuazianlunisgn

nsgnsrsauliielnlandu saane deiunisvilignaiedsnisdu wu n13 i aululasm

a

Aot lugnameaulsl LﬁaamzazLammishwammﬁgaL“f]'umiammi PAHs  Tue1m1sg14le 210

9 Y

nsAnwIUIIIN 16 PAHS Tudiusinas vadlngafiviaansneiu (1131990 2) wudi druvedlignayngiu

flUSInad 16 PAHs induiilonanfiudu (Kao et al, 2014)
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A5199 2 A51nEnsUIINA 16 PAHs Tudiusnee aeslngreiinaiunnsaneiu (Kao et al., 2014)

auln yasln Aula anln
1981 13 w1l 26 w1l 20 Wi 40 w1 8 U1¥i 16 W 15 w1l 30 Wil
PAHs
(he/e) 78.2+9.8 88.2+ 10.3 93.5+21.2 118.3+£23.3 6.3+0.9 6.7+£0.2 20.5+£2.6 238.8+8.3
ng/g

5. nMsvegavasduaniladndasuudiu
1. nmsmuauliliinduannilledaivenasuudiu Inenisvievuiadnineudilugavuaiu &

[
a ISy

FBnstienaazlimunzaniuairgnamnssy uamndunisudalulsu ailduninausaindsn s

1%
A v 6

WednineuthlugruieanuTunaidiunasvenasuuniuld nsldlunssuazegiiiounaedviuiiiodnl

| )

neuthlugnsansaanu3unaans PAHs 19 80% wag 74% (Farhadian, Jinap, Hanifah & Zaidul, 2011)
fiain1sanasesans PAHs o19aananmaniuautiiulilivenasuud uenandnisveviuitledns
Hunsanlemanisdudavesaiuiifians PAHs siniguuilodng

2. maghanuuneuluiugs laseonuuuundsliaudousglunniufietiostunivenues
ihifuasuudiu Fadumstesfunsifaufisoinmawnlndliauysaiuazu§Aserinlslada (pyrolysis)
vostfuiinenasnuuniu Saint (1992) lévaassnisgnaasriiulasnisesnuuuuadiinriou
LUULLIUBULAZILR NUd1 MaghsansddudeunadiiarudounuunuueuiiUiinaans PAHs g
N1 10-30 wh ilesndinavenvesisiuasuuiu

3. n13aAUSInaNT PAHs 91nMeavestsuaIuLiulngnIIAIUANNTEUIUATENS Lee et al.
(2016) dAnwUTIIMans PAHs luidlefuasionyrslasniseonuuugunsainsgnsfianuiuinms
eaveniTuasuiukazanaTuiAnNNsens wuliansnanans PAHs luidlefuasidonygreasld
48-89% #enmsanUIutmmIeaTesiuatUuIuLAzanaNs PAHs a3 41-74% #ensanatufiin

1NNF819
unasy

msgemsmealunszuIunmsulsiUegmiildanuseugamgiiadunisussemisens

AN sUulouvesans PAHs a1unsaasuladeuaruisenfiiinasanisiingis PAHs Tuemisens
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Fedwladed 1) Viinaleiuludednuasdminidegnanufeursinliian ufAseainoondindu
(lipid oxidation) wavnsaaes (degradation) aglduuduluansiadulunmaiingrs PAHs 2) auild
Huuvdandomdsazidiusenovresassane (tan) deiamawnindazlians PAHs Raunifuaty
wazinziinveniednt uenaniidedruAnmawnindlsiauysaassiliiAnans PAHs Tu 3) mauen
sumﬁﬁﬁuawumu%’au%ﬁﬂﬁlﬁﬂﬂﬁﬁ%mlwisla%a (pyrolysis) LLazLﬁmmsmlmﬁlnjauyiaﬁﬁaﬁwﬁu
eaasuuswhlfAnauluas PAHs awassniniziiinvendednt 4) gumgilumsgisiigandn 200
s naLdoa amnsnviliiAnuFAsellslada (pyrolysis) 1 uenvinilgumaddaduaiidlunis
\AnufAzeaiineendindu (lipid oxidation) waznsaalesa (degradation) vodluiu nsldszeziiangng

wuazybiAnUfAsenaineandindu (lipid oxidation) wazn1saa1efiiaInAIMmsau (degradation)

% '
a2

= a dgll aa Y Y a a ' a
WNAU Fainlonianisuutouans PAHs ARauiuadl USIIaRI98991M158190aslNNSaL U89

(% '
o w A

Jfuineeasuuauliannidedaile
v
JoLauDLUL

NSLANBLEININITANETS PAHs  TuamsgemieauaInauddeitiiugn ilalaenisaiuau

al

Tadenviliiinuu loun n1seenwuugunsaliieniuAuAinssnItensEuIuNse1ekasniunvenasuy

(3 1

fuvmzeaewns msldiuamuamas nawnuiteudeutlugnsenmns nevilfdedn fanunsdan
Aouthlugne matastuthifulailvieauudiudensderidedninouirlugns msldauamnings
o19asshliduunananiindy ddumsmaassaaiateutiluldais metiostuthifunenasuudude
nsvuiledionvnsiinadeniusavendedn’ isziedniarlitudatuatuiinaindiu fantuand
wdusivilfAnndusaenziiluomnsens dufumsinsfnussezinanissemaiolioms

dudaniurhlnAnnausaunzaunasivsinaens PAHs WulUmunnsgiufidinue

d3d

q

'
v a

nsiinas PAHs  Tuemnsgnseanudunalnifinududeou Fanuidefiniuuiladudugiu
nalnni1sifings PAHs  a1nUfisen fedife Ufaseiniswnlugdldauysal (incomplete  combustion)

Ufiselnlslada (pyrolysis) U{ATeuaansa (Maillard reaction) Uffsenafineendiady (lipid

[
=< [

oxidation) a¥n13aa18sa (degradation) Ufisendenaniazdusgivladenldlunszuiunisgeems
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oA USunaadluduluiliednd diudsznavveanseslsssansermdnildlunmsvdnitlodaineuiily

1 a d' 1 1 i P~ 1 v %
19 gauniluaziianlilunszuiumsens wazaunldiluunadliniuseu
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15939 (NFUGUAMAN, 2556)
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ANs81989AsIsall

nsUsEdNRUSALan UNYNULaEAANTTUNdATY YosyuYY Yinlvussvung
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ASYUIUNITAANTBIDE1993D9 (WHO, 2003)

}74 a d' ] 1 aa 4 (K 1 « © aa e‘”
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%30 “in press” (4ONANTNIBINGY)
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Tunisguadhednisaszuumaiumela....... (“n1sweua,” 2550)

@oiFeasin: maneagUieinfitianafisundifefuszuumadumela)

{Jaﬁaﬁﬁmmé’uﬁuéﬁuqummw ......... (“Protection Against,” 2003)
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puseRuiuazuthiidaaonun nadidennuiidnaeniniiosnd 40 f Wlddenuniu aelu
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18 vieliflavuiinusiiduniwing vie nwsenge g «8 ” dns Ine %3
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Princeton, NJ: Princeton University Press.
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McGraw-Hill.
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Oxford University Press.

Penguin Books.
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Martin, R. J., Fanaroff, A. A, & Walsh, M. C. (2006). Fanaroff and Martin’s neonatal — perinatal
medicine: Diseases of the fetus and infant (8th ed., Vol. 2). Philadelphia: Mosby Elsevier.

[ '3

TunsdlndJewduifyaraliuiviisnu eadns usen wazdudsuiinveulunsdnful
ldvade vivoldvanrudus ludivesddniinivise suraveulumsinfiulmiesnnlaleude
Lﬁﬂﬂuﬁaumm@,%mlﬁa Wi WHO, The Association, The Institute, The Foundation, The Council,

The Society, 4Inende, a1ty n3y, lsene1ua Wusu

A1a819

lsanguaasvaiuasuns. deuinsneuna. (2556). aoagUeginssy U 2555. @t 1sanenuia.

lsanguaasvaIuasuns. deuinsneuna. (2554). aoavesUemiayganssy U 2553. aavan:
lsaneuia

UNIMYFYAAIUATUNS. ARlzuNMEmEns. AAIYAaEAIEnRS. (2555). TI89INYBYANITIAANTILUNTA
Fou9INN715619A 0. Asat: I INede.

uAngnduasauaTund. @ 1wnaueBnsud. nesmaidmihd. (2554). msgIuTuRd UL

WeIUIA ¥I19/N77. AVAN: UNINYAE.



117817 ANYNANansUTAENsT Page | 84

nsuAuAulsa. dninszunninen. (2554). agUsIeaunsiihseislsaUsedt 2553, uunys: nTu.

World Health Organization. (2013). The world health report 2013: Research for universal health
coverage. Geneva: WHO.

National Council on Radiation Protection and Measurements. (1998). Quality assurance for
diagnostic imaging equipment. Bethesda, MD: The Council.

Chonburi Cancer Center. (2009). Cancer incidence and mortality in Chonburi, Thailand volume

Il. 2003-2009. Chonburi: The Center.

4. unnilslunilsde (Chapter in book) 1Wun1ssdannillomniigiliouanizuniy o uasd
= a a 4 v A
Foussansmsnviunvemilie

sUlkuu
Y

Yonusde lohudea

P RIAN

Yevired w3 dand. (2550). Useimlsalvane. Tu gund duuuted, wasuion 1na1du (Ussansnig),
Isalvasnieg: Sudden unexplained death syndrome (ﬁmﬁ@%’qﬁ 2, Wt 12-25). NFWNNL:
AMELNVEANERSAIIITNYIUIA WIAINYBUTARE.
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