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unasuuInIs (Executive summary)
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A high throughput screening method for assessing total antioxidant
capacity using new biosensors
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1) a5 ugdisses  eumsalyy 2) ud @il wadw  3) wshuns Azna
fUsnulasenside  wees. aashe wavUSen

miAteilalasstauniFensiuuusiluiifhowezaveniieldlunmageunuanansaly
nsusyyadaszesinnlagldlulowumesuialml  ievanlflumsAnuiinsesinas sy
MUTINuasAUeYYadasy Anwaudivesivayulng uazkaldviinsing 4 vaslnelunaunia
nzfusendeunile Tnewadaiiantuenlumedeinsziuuusaluiilussuy eduanduezund
Fa Tlerdunmsnanuuunonmedlsuvafitalrinlulewumesuialu ( Flow injection analysis with
amperometric detection on new biosensor) T,maiuiaL%uLﬁzja%ﬁﬁwm%u%Lﬁu WluADLINGR 5211
AsUBLUIUTI ( carbon  nanotube;  CNT) wagioulwiuamed lngA1n3n1  nano  structured
biocatalysts  Min3esildazdianuqgveseulssl ( enzyme loading), AuAsivesewlesl ( enzyme
stability) wagauansolunmsdsudidnasougs  shlwlulowuwesfifautudaniwlags ( high
sensitivity) fiuszavsnmilunsnovauesiiéatu ( rapid response) kagdAUTNNLIIZ9ge (high
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[

1599398l Anwuazimussuuiiasizifisnaiidmsumusnnaasiueuyadaseiie sy uy

TWaduanduesunada (Flow Injection  Analysis) 71m529¥n dhewmeila wonwedlswn Sisalvidn
lulowuwesiiiaundy  ielmdussuulemeiuuudludd ausofaUimusuvesasduoyya
dasyldesnenindy WasafiuasUsmaedatdes  Tunsimuuannalulawusesitaninluas
ArudzazasgslumInsaiaUTinuasiusuyadasy arlddalinanadesuouivauysiae
Famudeszneumsueuuluin fiiimiesilu (CNT-NH,) syaavesuily (AuNPs) woulusiuaaiaa (Lac)
fuasazaneluiu@sudayiiy  (BSA)  wazansazaiengiadled (Gl weatalwil GC/ONT-
NH,/AuNPs/Lac+BSA/Glu Tdmelialamdnlawnuunslunsfnyuisensantuves  caffeic acid wa
MsneassuUinanneRvnzanlunsiauUst i fo arsazany CNT-NH, AM3L0UY 3 Hadnsuso
118885 AUNPs USunns 10 Wulpsans @nsazanenauszning Lac mnsdutu 5 dadniudeliadns waz
a15aza18 BSA AMULNTY 1 % 9nsidu 20:1 (USuasdouiunng) wazaisazans Glu Asdutu 1 %
Iiannsyuulnladueatusruadaiinsetasemaiaweumeslsumiivalnilulewume vty
wielflumAneivsinumsiuoyyadass wuPsEUUAT TRl eetiesh Inedyao
fldanmsan caffeic acid Aadiudu 10 Sy USums 20 lalasans (Sauau 20 91) T % RS.D.
WINAYU 3.09 mié}’ma%aﬁaiznﬂ%ﬁmﬁﬁmmmaau (caffeic acid, catechin, callic acid uaz
chlorogenic  acid) Winsmsnasguuuuidudunsa datanlumansiataegsedusdifiby 354
anusodllldlunmsenaiaUinaesiueuyadasgluiivayulnsingldegnsaits 29 dednsie
Hlus mnzavdmiliidu ssuuieneindiaddmiumiinaumsiueyyadas:  Tudegaais
3zuuﬁﬁmu1%u§aﬂmWiaﬁ’ﬂﬂﬂizqﬂm“l#’f@iwi’mﬁmﬁwummia%a@aiﬂuﬁaaﬂwmiaﬁ’mmm‘]’ﬂ -\
gz

Key words: lulaiwuiges, uanwa, anseuenyadasy, ssuulnaduaatussunada, fivayulng
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Abstract

This work presents a high throughput screening (HTS) of antioxidant analysis system
using flow injection analysis coupled with ampetrometric detection on the laccase-based
biosensor. The development of amperometric detection on laccase based-biosensor in the
flow injection system that enables rapid and automated determination for the total antioxidant
capacity assay using minute amount of reagents and small sample volumes was focused. A
sensitive and selective laccase biosensor using glassy carbon modified with composites of NH,
functionalized carbon nanotube (CNT-NH,), gold nano particles (AuNPs), laccase enzyme (Lac),
bovine serum albumin (BSA) and glutaraldehyde (Glu) was developed for antioxidant assay.
Reduction of caffeic acid was first studied at a developed biosensor, GC/CNT-
NH,/AuNPs/Lac+BSA/Glu, using cyclic voltammetry. Results indicated that the optimum
condition for modified solution were CNT-NH, of 3 meg/mL, AuNPs of 10 pL, mixtures of 5
mg/mL laccase and 1% BSA of 20:1 (v/v), and 1 % Glu, respectively . Flow-injection analysis
system with amperometric detection on the biosensor was developed for quantitation of
antioxidants. The system provides an impressively good precision (%R.S.D. = 3.09) for 20 uL
injections (n = 20) of 10 ppm caffeic acid. The linear calibration curves were observed for all
tested antioxidants (caffeic acid, catechin, gallic acid and chlorogenic acid). The detection limits
at a low ppm level were obtained. This method was successfully applied to evaluate
antioxidant content in some plant extracts such as Thai indigenous herb with rapid sample
throughput (29 samples/h). The developed flow injection-laccase biosensor is therefore suited
for mass screening of real-world samples. This method was successfully applied to evaluate

antioxidant contents in some plant extracts such as Thai indigenous vegetables/herbs and teas.

Key words: biosensor, laccase, antioxidant, flow injection analysis, herb
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UNA 1
UNUI

1.1 anudRguaziinvesuide
1.1.1 auyadasy (free radical)

auyadase (free radical) Wuannguesnisiinlsasingg wu Tsaienfuvasadeniila
(Cardiovascular) ElaVLSZJ:JLﬁ,Jai (Alzheimer’s disease) , lsanw13Audu (Parkinson’s disease) S
mauddeuls 31ses fh nsr qedd  GeeyyadasmAnnvendelunsuiunisdusmioms
Welilsmdany  wartadonouendaunadeiinanuaunnrieasiiving 4 wiuldieyyadass
gnasdusnieninnaruIunTaunUedtuvesiunieies uaglunmgiiaunfdsnalfiinanizeond
w7l @wmsn (oxidative stress) Tarenisvinnuveagadiuluiu Wk vse DNA Lﬂuawwmwﬂm
Aelsalusgud Tnelunmefiiaund azdsnalisneniofions avauveseyyadassfiuaniy fudy
Fuduiianefesnmatesiunislawihmsnneyyadassnaidy  Asfisumeaatudioundes
fiee Afeszuuansiuoyyadasy (antioxidants) dauszneuluseasvideteulsiling q Anrandudy
i 9 Aanunsnagrraevietesiuufizeoentinduresans (substrate) ldenniny§Azenls
auLadaTY ( free radicals) eglunguves Reactive Oxygen Species (ROS) \Uuluanansed
soufiiBidnnseulaniilegsovuenduluianailiiaiosuazedhdeomaiAnufisoned  lngUndus
sseqluseneaiiBidnaseustimeniduduiug  sihlsluanadanuasis Tunsdfifimsgyde
viefudidnaseusndnifies 1 f agililuanaiiulineiy TeiedluRsdilinnsounniuenadu dadu
fhnolmAnufitengnld  senieTsdinisatne ansdueyyedasstuindunalnlunstiiaeyyadasy

ety
mamwaﬂaumaaaiv%m Reactive Oxygen Species (ROS) laun
O,  Superoxide anion auyayUiloseanlys
OH  Hydroxyl radical aiguualamaﬂsda
ROO"  Peroxy radical ayyalaosoand
H,O, Hydrogen Peroxide lalasiauaseanlan

fumedinalnfegiidnoyyadassvard las 2 38 fio Mioulesiing 9 Tusame 1y
Superoxide dismutase (SOD) wagliltioulysl loun In1dud ( tocopherol) tumiAls-iiu (beta
carotene) uaz INiud (ascorbic acid) 1Hosndgdanadn wulesising q Aldmineuyadasy 1wy
SoD #HlFdin udansiisranansamuaduliud aniud Indud winalsiiu Saduasiuouya
Basy osmniusenlsiuiinnluin waenaldunin Jdinsatuayulimudanaridfisundu Toe
firnudeinersanmsnenside asnsdulsaimla waden waslsedu o

1.1.2 asAuayYadaTY

asenuoyyadasy (antioxidant)  Ae ansvialouledlang o Fsnanududusi o A
anunsoyzaevzelestunisiinesnTnd (oxidation) vesansihwenisiinufizenls \udwinuda
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1191nA137 antiradical YagUuls gndyaiRlmilduansvdanseridneuya (radical scavenger) Livali

aseiuntinisinay uaze1aldedn “ansueufoanduaud” unu  egdlsfmulunwilnedsndlda
Tansiueudadasyey [1] vllauarlassaiavesansiueuyadaseinulue M Lanafanns1ein 1.1

M99 1.1 allauaglasiasiesansiueyyadaseinuluemis [2]

Compound Substituent Structure
Benzenes
Catechol 1,2-0H !
Resorcinol 1,3-0H 6 2
p-Hydrogquinone 1,.4-OH L 3
Pyrogallol 1.2,3-OH 3
Benzoic acid
p-Hydroxybenzoic acid 4-0H COOH
Vanillic acid 3-0OCH;: 4-OH 1
Syringic acid 3,5-0CH;; 4-OH 5 2
Gallic acid 3.4.5-OH 5 3
Cinnamic acids 4
p-Coumaric acid 4-OH: R=H Ol
Ferulic acid 3.0CH;; 4-OH; R=H ot
Caffeic acid 34-0H:R=H CH=CHCOOR

Chlorogenic acid
Rosmarinic acid {a)

Flavans

3,4-0H; R =quinic acid

{+) - Catechin 3,573 4-0H

(—) - Epicatechin 3,5,7,3'4'-OH
Flavonols

Quercitin 3,5,7.3'4'-0H

Morin 3,57,2'4'-OH

Rutin 5,73 4'-OH; 3-rutinose

Kaempferol 3,5,7.4'-0H
Flavones

Apigenin 5,74"-OH

Luteolin 5,7, 4-OH
Flavonones

Naringenin 5,74'-0H

Hesperetin
Tannin
Ellagic acid (b)

5,7.3"-0OH; 4'-OCH;

A

1 coon

1.1.3 lulawuieas (biosensor)

Tulawwwes Jundasdlofldinusunnmeasliny Inglddyaaildnnnisasudiy
Foyayrounnslii Aaudnuazsiuvedlulowueifie IANmENIszas  (selectivity)  wavaula
(sensitivity)  gadleiflsufumadansnsiataviindu 4 Wu o3 A80a aw alnslwlnwes  (UV-Vis
spectrophotometry) anusiwizvediulawuwesidunainananusimizvediuloiwnmes 74
Ufiemeszviedigniteneitululetieniaes iliAensdsuudasaudimsmenn gy
msuanlosew, Blaanseu, nandakaznisidufaninudeu nsdsuilaunaauivedviowas ¥
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nsasuudasveaniansnsansaiataldeesudag Soyaias ( transducer)  Twingzau Sadunisan
Tupoueinnuavansiadiigeddlunsinsgy

Tulowugesusznousiy 2 @ fie

1) @mvesasn1aTanm ( biomaterials)  Aiviwtifiansn ( recognition)  vieldenianis
(selection) anssogafiazsiufisemaduaiiegnssumiz dwdl 1 fdaggneds (immobilization) o
VuRIThvesdILd 2

2) nsERIed (transducer) Fwsamwesissiminilunisdeindygasinaluds
drulszanana (processor) Wioavieuansdayaalisilénsiu ( signal elaboration) Faagvimiii
Tunsiadyanauasulsmesnuilumiedne fidesnts  leezunsudnuusenovves Tulawuwes
wamdlaidegul 1.1

BIOSENSOR

O < >

O> Enzymes, nucleic acids Electrochemical transducer
AN Microorganisms Transistors
O> Immunochemicals Thermistors Amplifier Microelectronics
Chemoreceptors Optical transducers
O O> Mammalian or plant tissue |Piezoelectric crystals
<> Sample Bioreceptor Transducer Processing Data
< >« >« L >«

5UN 1.1 Fumeulunisniainansiiaula (analytes) melulaiguwes [3]

wulasl (Enzyme) Wuihluana Ssflnrmanunsolunisssufizendinmiidaaseilaoivad
Fagviuiiserfuansssuiisume Inemsidsuwlaansaeuludundnsasluuiasedueii
wiven  anelfannziigeulon defivesiuseifitondinmimilesuseafizeetunid Ao 1
AT IINBEgLarSnTINTARUfSengs Tdifuf annsnaraetldR awnsaanedald

anunsaidinigliannenisnaaecdnd luanneanulunsn-ua gaml wasaududiliguusy

1.1.4 anudAylunsusziiudsinuasoyyadasy

auyadaszinnMnanslulazneuenianie  AglufinINNTEUIUNMSIA U ATV
sondlaunslugad  diunieuenlann uafiwanFuwinden atuurs S98 viseuaan  ouuadaTy
< Mo v = Y o aaa v IS ! ! [ [
Juluananldasiddianubgdunmsdiujiserdvanstlaanasiie veesienie e
lodiu Tewaamesea nInluduliduds Wskiu wazansiugnssuvessinie Fvihlassadauasunum
nsvihauvesashiluanaiinnuraundll uazaunsainUfiseneendwdusiolioainalsdn
Tuananildlugaansdluanaduauineyiusinidulizegniald viiliAnanisiadviolede
1 o = 1% aaa A a X [ o =) d‘ 2/ a & o 1%
#1199 a1agninanelalufiagn duisenievudunsianevsefsusdadlasaiamdue wavyinly
fimsasrduiiaunfonailinansiluwaduziss uenaniifdwaliinlin - 619 u1nune Wi 1sa
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Aefunaesdeniiila (cardiovascular) §alesian (Alzheimer’s disease) W$Audu (Parkinson’s
disease) IpliLAN1TLAROWIY (aging) [4-6]

lupuunfATaneasiissuvasivansiueyyadase wu nguveveuledvlingne laun

superoxide dismutase, g¢lutathione peroxidase gy catalase Dudu LLazﬂﬁjm metal-binding
protein laun feritin, ceruloplamin, transferrin wag uric acid [4] L‘ﬁa%’ﬂmﬁzé’waqmsa%aaaﬁz
wazansinueyyadasziviodlussivauga  widluanefissfuvesanseyyadaszuazansiuoyya
Sasvliloglusziuauna  AefiUiinamesansoyyadasvannniansduouyedasy anuduiiiiond
An “annzgneondladiiuauna (oxidative stress)” amstioyyadaszuazansiiioadesiidundnna
yosanseyyadasziifimnahuardunsegunnifuniiinszuiunstesiuazdumulile azreliia
mevhaeansiiluana (i aslulewsn Tsfuwasansiugnssy) Wudunrerewaduaniode
#199 [1, 7]

a139uBY yadaszannsawuliluayulng fn uassals Feflansinueyyadaszvaneuia 1wy
a15Usenouilludn (phenolic compounds) wagdmiuiamie  a1slunguansuseneuiludnlaun
flavonoids, flavones, gallic acid, ellagic acid, anthocyanins, carotenoids LLauauwuﬁﬁJaﬂ cinnamic

acid [8] asUszneuiiludniduasiueyyadassiiassmanmaeie anmsshiay viaewdelsaiid
giame nseduszuundduiu dulsaniud uasunfe (191 a1sdueyyadaszdnulindimuludn

waldl wazayulnslann  Infuvdasiieg wu Inndud (ascorbic acid) Infiwe (B-carotene) uax

AniuB (Ot-tocopherol)  AnfudithAmiufiozanedlsd fasmaameefe faelunisduasei
Aeaa1lau lunisaaslalaanesea aan1senEy wagduNsss (101 suneldanunseadie
Aafiuiledls Fesndudeddannissudsemudily 91vnsTImTIuTgs oA finan nalsan Afisa
W3

Tassmsiseiaularsiauisineiwuusaluiifiouazaznniitelflunsnageu
ALaansatunsiueuyadaszeg T lagldlulewugesyiiall dieranldlunsdnu
Tasgikarlssiumusnaasiusyyadase Anviandivesivayulng waznaldviine1e 9 veq
Ingluaunianyusendoanie  Inewmadaiinmuntuesdumaidednssiuuusalufilussuuiid
mslna fiendonsasiatauuuseswedlswyinealninlulowumesadnlml ( Flow injection
analysis with amperometric detection on new biosensor) Tnglulawumedivanntuasdy nano
composite sgI9ASUBUUILUIY (carbon nanotube; CNT) uagtoulasiuaniaa lnuAIna1 nano
structured biocatalysts 1‘7iLm%mlé’%ﬁmmq%mu%ﬁ(enzyme loading), AIUAIRIvRLEULL
(enzyme stability) wagANELNIOLUNITARUBIANATOUAS wlilulowuresiitmuntuiiannla
a1 (high  sensitivity) fiusvavsnmlunsnevaueisaty ( rapid response) WariAINTUNIE
Wwaege (high selectivity)  anansathluldilululawuweslunisasivinanseuyadassiuuuey
weslsuvslussuvinneiluusalud@laegnsfiused@nsnmn

12 Jnguszasd
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1) Anvuaziannlulewueesilevnosdiuszneues uiluneslndn uazieulesifivmnzasily
uleisuees tieldlunmsnsatauiinamsiueyyadase 7 wiefiaula léun catechin , caffeic
acid, trolox, cinnamic acid, quercetin, rutin wag gallic acid

2) Anwdwmavesiauusing q Atdeanmbvedulewuwesditauniulumsinsziansiu
PuYAdASY WU pH  vasEsazany, walAluMInse  (immobilize) teulsduanAaaIUY nano
composites, Uu1ava9 CNT alumslunvines, USinaveseuledianng , Usunuasazateluiu
F5usayiiu (Bovine Serum Albumin; BSA) Awsnzasniteliiiu biocatalyst lun1siinfizen3sndu
vosensiueyyadass  lasAei1 nano structured biocatalysts fiw3enilsaziiuquoaonles]
(enzyme loading), AnuAsieseulssl (enzyme stability) LagAuEINNTAIUNSERNIUBIENATOU
g shlilulowwuweesiimutudussavinmlumanevaussiiiitu uasdienudmnzianzas
anunsath Ul dululowuweslunisasainanseuyadassuuuwenmeslsumsle

3) penuuuazTRLIATATeT s iuUULeIesTsamETHn Twihlulewweeslunisanatn
mseyyadasy  eliuiTiesgituudaluifedsninlumsussiumuinamsinueyya
fasy  lnowedafiiauntuindumedaiingiuuuiaduaaduiiifinssfauuuiommneslsuvid
i lulewumesvialng (Flow injection technique with amperometric detection on new
biosensor) Fdn1sneuaLeITisING? (high response) LLazﬁﬂ’muf\i”uwwLﬁmmqa (high selectivity)

4) Usziugnudnuaizveamadelunsiinssiuiuamsiuoyyadasyetnasinsii
i lulewweefulalmiliiauty  ensisuisunailulflumsdssdumdiinuens
AuaylaBaTEiumAllALINTEIU

5) Usrgndmaiiafifautualdlunsinsgimuiinumsusyyadassiassnluiieg
asannandn Nayulng wavnald Ussuna 20 wiia wu fnfn fudu davong asen dnviesans
findvian auslve gnuin wan  iotmadldlulfdugudeyslunstedinin ayulnsuasnalivia
TathdlunaunianeSusendeanie Aiflosdusznoundniiliuans phenolic compounds waziiuiuna
Yosensiueyyadaszge wasivinvdslatheiifienumnzalunnhlulivgemsieiluilan
dierduemsguaw

1.3 Usylgminaninazslasu
Wevhanuwiduasaudinaiiaininaslasude
1. lalulawuesvinlvaindaninly wazannudiniziaisasgs farunsavrlulglung

a 3

Anzimuinaasinueyyadassliegiminsuazivszdnsam lnglumueesviinlvl 7

1%
v =

WALAUINNS immobilize toulwasuu nano composites Tl biocatalyst Tunsiinufizen

U Y

Induresansinueyyadass Adndliife 9 Tneaadn nano structured biocatalysts st
ﬁ%ﬁmmmauaﬂ%ﬁ (enzyme loading), A1uAwIvaeulesl (enzyme stability) Lazanuause
Tunsdaudiinasenugs

2. Msruuieseinuulnidumaiadmluififisimsa ( high throughput) awnsatiluldly
N3AANT8Y vise TATerkarUssliumusunaansansiueyyadasedu  polyphenols, phenolic

acid, flavan waz flavonols lusheensitvayulnsegesinsy
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3. Ifesdnnuiiianansathlulilunmsianndneamlulewuees iWethanld Hueiesioly
msanFuilamity dnayulnsfifiviinuasiueyyadaszas ioifiuyarmaasygiavesiiedin
asulnsvedlve wu Anda Anwi azau mae satadudeyadesiulitudailatidosmsiunaiails
fauntuluialulowueeslilivsyainm uay mioanunsathluussandlilunsgerunalissuy
Bpswiiivwiadnadld (miniaturize)

4. iedavihguteyauazimeunsnimg mnuihlafefulsiamiesUiinuesansinueyya
Saszifllufivasulnslng mhsaudimainaztmanAdeluldsslownd Wud auginermand uas
AupLnduAans  uvninerduguanivonil  enavinssuiAatesunanSueimisiuanilondnda
(OTOP) viendn ausiansiuayyadaseiiviunaniivaulnslng  wanuilldwanntuargnaeneng
nguilmang Tasmsthuamavasesiildluuanawvdoussongluiivssginnsiieadositluuas
snaUseine visethluaiuimeunsly

5. Wadaeuannsauazeandundesiiutnidelne Tasiawzedsdefiuiinidelusesu
QilaAlIIELAUsEAUUINYR

6. Juewmnuilumsidesely  nguilhmnneldun aninereans anzndenans
uinenduguasvonll  wazgramnssuiiieItosiundndusivilsihuandawandoet ( OTOP) vio
N usiansiuoyyadasyivhinnfivaulnsine

7. Wudnmidunsdaasunisdeunisasunasidolussduuiayaln-en luszaugilnne
lngangluumineduauasvsidl

1.4 YDULIAVBINITINY

miteilalassfmuinaiauaridinseiuuusluiivsmngs dethulflunsiesed
wazUssium U siueyyadasy WieltlunsAnuautfvesfivayulns waznaliivlnsiig q vos
Inglunaunianyusenideanie  Inewmadaiinmutuaslumaiadnssiwuusaluiilussuuiil
nslwaiidfnsaauuusenmelswviaiaalniluTewumesadnll ( Flow injection analysis with
amperometric detection on new biosensor) IWEJVLUIEJL%UL%%VIWWUW%U%LTJU nano composite
s¥NIeASUBUUIUTNY (carbon nanotube; CNT) waztoulwiiuaniad lauA1ad1 nano structured
biocatalysts ﬁLm%mlﬁﬂzﬁmmmaﬂLauiezj:ﬁ( enzyme loading), AuAsvetoulyd ( enzyme
stability) wazAERNsaluNTARNUBIENATEUEY ﬁﬂﬁluiaLszjuLSUEJ%ﬁﬁsuu’l%uﬁamwhqq ( high
sensitivity)  dUszavEamlunsmevauesiittu (rapid response) WagdANTUNILA29Ee (high
selectivity)  anunsanilfilululewumeslunmsnsiaiaaseyyadassuuunenmesisunslussuy
nziuusaluifldegnadivsesdniam  Wieldlunisndunsesdnassvieaniui ( screening)
uwidsesansiueyyadassniivayulnssdaning 4 Tnswedafiimutuiazannsonsataldess
afiifivaulnglveg wee malilnglulounangfusondeunilolatheiid  anuaunsalunsdu
DULADHTLES

fethFeaimedaiitmutuirausedanldlunmsndunsesinassvsoaniuils muvas
Yosansenuayyadaszaniivayulnsvianie Wneldidumaiadnssiegnsagilunisasivmiedn
filUsinumsiueyyadastluvinugs fvayulnsuazsalsfiaulafefienssuidegynlulunie
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nyTuoenideunie wu fnfn dnuty v asen fnvesians dndvian auelne gnut w89
elilsdoyafiulssnmuasUBnumesansiueyyadassisteglufivayulnslulauna
nziusenidvamileiiothsnldlunsatnitelsilsasiueyyadassununmsdaaneiisioly vieldidu
uwidsvesasfuayyadaslunsiluibuasieiulumandne  walafivaundudsausotily
Uszgnaldlunsnsiavunaswesensiueyyadasslundananisnainunsvedng - Fenndunuunas
mammamimwﬂmmLUuLmaqmimuaumaaaavmmn 9 favausalUusseduiuslaaneae vinli
Hunsvgarnfsliiuaudilnedns  uenaind iedafiautudiannsminnyszgndldlums
Jsmdiumansiueyyadastluomsgunining 4 uazannsalifoyameaidugudeyalunsuedi
osaunmviislaifauvngadlunshluuilan
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Ui 2
A15ASBNEANT

2.1 anudAglun1sussiiumuSunuasinueyyadase
MsUssliumyUsnaansinueyyadaseludegeivayulng fn wald IanudAguasiigli
awaulaiimsidoiduduaunn  lnedfnguszasdiiiedinsgimiviiuumawesasiueyyadasy
wazidoyaildunldifugudeyalumstdhaulnsuasnalioioln  Afanumngaslunsluly
Upomsvdethlutilnaioduemsguam  msuszifiumnuanunsalunmsiuoyyadasslumeodng
Uszlaneneg annsaviilénansds wu nmsiesginusinamsvialavdavisidonaulangumia 1
wunfinaandilunisinueyyadase wu Inndud Infiue vsearsusenouiiuedn [8] ustuadnanduy
Tsansinueyyadaszlusetnmile snavuszneulumeasiuoyyadasevats vilanauiueg 3
susansinueyyadaszinsuindumssinlautueuy wasasidovslunisiuoyyedassudlimiy
Tnssadrsvosmsaussyliiieasln dfunisilasdssidiuamannsalunisiueyyadasslaonista
uazueniinszsiidiansvialathadadunmssnuaglisniu msglasanudusiudilefiansuaudty
vansiinlue1ms e vi3ednniu Adimsaulansiainmsavfunsussiiuanuaansadueyya
Saselagsa (total antioxidant capacity, TAC) snnnirilazsasiinsigsiaussyidainduansla danns
Founlu TAC ﬁLﬁuLWﬂﬁﬂﬁlﬁ%’ummﬁwL‘WiwmmmLLamiJiz?m%ﬂﬂwmié’ma%aﬁasmmﬁaa&J'N'ﬁ
IndiAssmnuduaiannndi [11]
Tumsiasenen TAC Tewvnl fhazlinsadavidewseuanseyyadaszimsruarndudud
wiuau LLaﬁmiwﬁmmmmsﬂumiﬁung%ﬁw%’ﬂa%aﬁaﬁmaamiﬁaasmﬁau%i’m lnginu3una
aseyuadasfianamieiindeld aseyuadaseiifenld Wy asuszneunguielaly  ABTS™ (2,2'-
azinobis-(3-ethylbenzothiazoline-6-sulphonate)) [12] %ﬂmﬂiﬂa%ﬂﬂﬁﬂgﬂﬁ 2.10 ¥i38 @159UUADATY
DPPH" (2,2-dipheny!l-1-picrylhydrazyl) [13] 311'1'71' 2.1% mia%aﬁaszmmﬁlﬂs&msﬁﬁagﬂuﬁﬁmﬁ
Lﬁcjum'iﬁﬁﬂLﬂﬁwﬁ%{umLﬁﬂuLLUUSHHa§ﬂ§3WQﬂ Reactive Oxygen Species (ROS) %39 Reactive
Nitrogen species (RNS) finulusianie

. NO,
0,8 S S SO,
CI-—< Y i Y
N N
\ / O,N
Et Et
n 2
gﬂﬁ 2.1 lAsasnevesanseyyadase  (n) ABTS"" [2,2’-azinobis-(3-ethylbenzothiazoline-6-

sulphonate)] wag (V) DPPH® (2,2-diphenyl-1-picrylhydrazyl) [14]
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lafinsimumedaliaszivatewatiatunieldlunisussunusunaasiueyyadass T
g eitvayulng in wald

2.2 watlalun1susziudSunuasdueyyadaseitemaila colorimetric assay

MTAATEiA1 TAC semadia colorimetric assay Tnehluaziinsadieyyadasziinsuay
duduiuueu wevinsginnuannsalunsduds vierdneuyadaszvesansiagnsiiavlata laetn
USnaeyyadassianamieiivde msideuliidusiiiaeyyadassinasldansuszsneu 7153 wazia
nsanasuesdLiteUszisiumA1 TAC

2.2.1 7% Trolox Equivalent Antioxidant (TEAC) assay
enuluasusnlul a.a 1993 Tag N. J. Miller [12]  uagldimundoulaanguues
1 Yo o+ Ay v a aaa . .
Re-R Pellegrini [15] wiatiaflazldda ABTS mlmmﬂmsmﬂﬂgﬂsm persulfate oxidation ¥a9&13 2,
2’-azinobis (3-ethybenzothiazoline-6-sulfonic acid) (ABTS) \Uufa oxidant lneazldansazans ABTS
AT 7 mmol YUA3endufiu potassium persulfate 9nuunlUildea1e ethanol ud?
° Y = N ¢ ¢ a d' P = I |
ldindnsganfuuawseduougesiuugnanuenedy 73 nm Wildrnsganiuuaseglugag
a . 2 a aa 1 a a G
0.7 (+0.02) Vnensazary ABTS  13ea19U5uns 2.9 fadans ldluAin duumiuealsuing 0.10
fiaddns lumanuliluiifin 20 il thundeeinsgandunasil 734 WIWWRT (Acone) UHA387
' o v a Y] i Y

YW ABTS LLazaﬁmua%aaaizmLLamﬂugﬂﬁ 2.2 afansmunnsguvedlnsaend (trolox) lay
Y a ‘:4' Y v aa g ]
INAINIINANAULEIVDIFITASANYUINTTIUNAIUIUVUAN 9 (50, 100 W@z 200 WiNLaw) Ingly
miasmstmngmaaﬂsz?l,mummuaa ( Aueasure) ATUIUNIAT %ABTS radical cation scavenging
activity lagldaunsi 1 uaziiAn %ABTS radical cation scavenging activity dnwdenfuaanuidudu
YodlnsaondioasanmuInTgIu

——

N\‘ C,Hs -K,SOs s SO,
C,H; OSS©S>— /h%NU
=N
ABTS* (Amax= 73 - /
( max= 734 nm) V\ CZHS
C,H5

ABTS” (Colorless)

U 2.2 UieuanensiinsgiuTinuasaueuyadasealgnaila Trolox Equivalent
Antioxidant (TEAC) assay
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% ABTSradical cation scavenging activity = {AC"”‘“"AC_AM%SL'W}Xloo
ontrol

2227% 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging capacity assay
wafiatiayldansoyyadasediiifotn 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) %3 DPPH
\Huansifiinsgandunasgsgafinnueniadu 515 nm dlelimiufizeniuamsiueyyadaszazvinli
AueuresuuudninlatAanas UfiSouansdsgui 2.3

O o Y o
. H
N

N—N NO, + AH —  » —N NO, + A-

5 o ) on

DPPH* DPPH

sUN 2.3 MylaseilSinaansiueyyadasememaia DPPH radical scavenging capacity
assay 1o AH AoansiueuLAdasy

Arnududuvesansiueyyadassdudndiulaenssiua %DPPH,., wazaunsaruinilin
@unsn 2
%DPPH..., = 100 X [DPPHI.... )

[DPPHIr-

ANILLSIVBIAIAIUEUYAATEITIBUMEAT ECs, Fulummnududuvesansiuenyadase
Milviaududuves DPPH anas 50% [16]

2.3 watlalunsussliuUsanaasitueyyadasznendeufiseveslalasiaueseanlan

2.3.1 Luminol based assay
Tul A, 2003 T. Toyo’oka wazmmg [17] lawaumedalunisusediumansaiu
oyyadaszuuvoaulatimadu (on-line detection) lnsaasaiauasiinanuiiseadigiivaisud
(chemiluminescence) ¥®9a15 luminol iU hydrogen peroxide ImmiﬁmayyjaaaizLﬁar}humi
wenMBWALA High Performance Liquid Chromatography (HPLC) LLﬁ?%QﬂW’]E]@ﬂ%J’WJ’Mi%UU
A333in  N1sanasveaIInUisenealgluawuiarduiusiuanududuresansinueyyadase
S. Girotti uaanuz [18,19] lalauewaianisimeilasandeuisenaigliuawuivesans
luminol 7181 horseradish peroxidase LWushagazaas dauiienisiinuaninainninia free radical
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e miaﬂawaqLLaqmﬂUgﬂimmmaumawumamwuﬁﬂummLsumusuaqaflimuauuaaaiu GZNG\‘}LLﬁ 135

[
=]

‘L!‘\]%ll‘ll’e](ﬂLi@ﬂﬂmuﬂﬂm@ﬂ%@ﬂﬂﬂ%’.}ﬂiﬂ LLGIL‘LJEN‘\]Wﬂﬂg’]ﬂiﬂﬂmaﬂsﬁLaulsljﬁLUﬂﬁVﬂIﬁLﬂﬂLLE‘N et

Y Y

fosoeluesvesassumu
2.4 wallalun1sussiudTunauasiueyyadasziemaianielniuai
Tud A.f. 2001 S. Buratti wazamug [20] lalauamadia flow injection system 71HAIRSI2TALUY

willwihlunsUssliumusunuansiueyyadassuazaisusenauilludnd (phenolic compounds) (5U#
2.4).

pump e
2w
recorder
. : » detector
carricr injector || . B n:
* o - ——————
solution 1% = waste

sUN 2.4 s2UU flow injection analysis AdifasIaTaLUUATINANTUASUSERUUS NGNS

U

Aueuladasy [21].

fnsatamaeiinihildar Sauvumadauommeslsumd neld  rliihsdnnanadanivey
(glassy carbon electrode) Whudalwildem Sadnszuaiiandndlaih - +0.5 v (fleufu Ag/AgCl)
wpideianunsathunldlalusegneensataanii

T pue Tl Ae. 2006 L K. Shpigun wazanse [21] ldauewmnadia flow injection system il
asrviawuuiadlvihydalnmudlowminlunsusslivmySinaansinueuyadaselagsiuluaisainain
ey (gﬂﬁ 2.5) ﬁmmwmmaaﬂ%mmmiﬁma%a561531@aiauﬁlé’f\nﬂﬂﬁmwi’mﬁiﬁij’ flow-type platinum
electrode waneragy B dleldansazany carrier 1 [Fe(CN)é]&/Fe(CN)é]a’
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(A) .
Sample, Vi i
¢
cs | ¥ l
! ses=et Potentiometer
RS. | v N
'Pump
. — SN
(B ?“W R —

5UN 2.5 (A) s¥uu flow injection 7ilfIns193ALUY potentiometric method lun1susewium

a

USunuasiueuyadasslaeniy (8) fegndyginilaainns@aasusunuasiueyyadaseniny

Y

LWLUAIRNg 9 [21].

Tud A.e. 2004 A Jarosz-Wilkolazka wazaz [22] Anwinszuiunsideuleduannayie
Cerrena unicolor snlufvhesdalwilldnusdinnglng warlfifululewwweslunsnsrataansiu
auyadase win flavonoids luansadnainiiwmewmatianisnsiaiawuukominesisuys  nswisey
lulewuwesvinldlag veaeuleiuannaasuudalitnsildiulilugumgi - 4 °C Bunan 15 9l
dlouauddsethiiunaanleseu (deionized water) udullu citrate buffer pH 5.0 1iulily
gaungdl 4 °C Hunen 5 Flwsrowhlldeu lulewuwesivanntulansansintiuuasi
aiéagaaaiz WU caffeic acid, prodelphinidin B3, catechin, epicatechin gallate uWag epicatechin

o

1wl A.A. 2005 J. J. Roy wagame (23] lawaunlulewuwwesunldlunisasiainansdsenauil
upalaadensiin Cross-Linked Enzyme Crystals (CLEC) a1 laccase Wdluitmeadudaluily
o (Clark’s electrode) anansawdoudliilélag waw CLEC U 30% polyvinylpropylidone (PVP)
cel Ty cellophane membrane ¥luiadunar 30 Wit udrAnuudalildou aunsonsiaineans
éfﬂuaﬂgiﬂa@aiz 19U 2-amino phenol, guaiacol, catechol, catechin, pyrogallol waz ABTS(non-
phenolic) Tngaunsansiainansuszneufiusadinnududu 50-1000 pmol I
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Tul p.p. 2007 D. Odaci wazaug [24] Anwinisanainaisusznauiiluand legldouluiuan
wawiln Trametes versicolor wlupvheddululowumes 2 wia Tnelddluildomwadn oxygen
electrode (Clark’s electrode) Way ferrocene-modified screen-printed graphite electrode &113u
Fumeunswienlulowueesandaliiie 2 wlin wieulenay 10 me gelatin adluansazane
laccase 250 pL (asazarslanaanuludy 4 U Tuneawndwines pH 7.5, 50 mM) 1aglvinas
ffu 23 uf (38 °0) thansazaneildumeaasuuiivimosdianlnsn Adliliuisdigamnd 4 °c 1Hu
wan 45 Wil ulu 2.5% nganadlen (Anududu 50 mM Weaatmnes pH 7.5) WJuwan 5 Wil
awldlulowuwwes 2 afia fe wfiafl 1 Wawnunein oxygen electrode  waw wfindl 2 w1
ferrocene-modified screen-printed graphite electrode Tudidnlnsewdnd 2 nsld ferrocene W
amhdsdidnaseudinalnlumaiiaufizeuandldssgui 2.6

TUlowuwosiivamndy  [24] @wnsalddmsunsiadn phenolic compounds 3 wialeun
caffeic acid, ferulic acid wagsyringic acid waganunsayunlslaludegre human plasma

Substrate Laccase Ferrocene
(Ox)
Laccase
Product (Red) Ferricinum e /‘

5UN 2.6 nann1slun1svinnuves ferrocene-mediated laccase biosensor [24]

Tul A/ 2006 M. Portaccio waganly [25]  ladnwlaziauilulowuses 3 vila Ingld
wulsduarnaviln Trametes versicolor  snluavheadalwistians g lagwsdausn ( type A
electrode) luAnsalagldnszuiunisuendosndu (adsorption) drustinfiassuazanazluinealagld
) & 1 ' . A v X A a ¢ Y o al I3
wusglarauiniumy  carboxylic  Masaundaliihelanmlnduayldansazanengnisadleduay
hexamethyenediamine Ju coupling agent laguiinfidas (type B electrode) luavhealagldnuszla
AWML carboxylic Ni@319uAI8nsEUIUNNT electric potential difference wagvliafiany (type
C electrode) WAvhenlagldiuselariauvitinumy carboxylic Nas1siusiensalunsn Ujasennldly
nsludvheslulawuwesyiaaedazanuuandlanagun 2.7 anransAnwiUSeuiisuten -Uaidy
voslulawuwesng 3 viia [16] wudlulewuwesvlinawlvidyyraniianmlianuasianuaioses
a = a . = U = ) 14 . - .
nan Uianysnn (stability days) uuns 60 U waziloumegeuldeulussuu  flow injection
analysis @11150l0Tun190993930 catechol TaRsAAITNTY 0.0189 0.1 mM
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SFNG
OH
OH CLNH— c=N -@ /
GRAPHITE — C— 0 NH;~(CH,);"NH,
@—m C= N—O g Hexamethylenediamine

carbodiimide

[COOH]

[COOH]
GRAPHITE —C — NH—(CH,)—~NH,

0
0
f i
HC= (CH,);—CH

glutaraldehyde

Enz — NH
GRAPHITE— I([:—NH"(Csze-N =CH — (CH,);- CH= N — Enz e GRAPHITE —-ﬁ —NH—(CH,);=N=CH - {CHzla'"ﬁH

) 0 0

g‘dﬁ 27 nssvumsnsseuledlululewugesyiafigotazan ( type B waw type C
electrode) [25]

M. Gamella wazanuy [26] (2006) laawlulewuwesingldngansanlanlunszuiunisniadi
wulwiuanmainiuse (cross-linking) vutalWihsiianaradansuou Wwethulddululowuwesluns
as1adnansUszneuiiiuandlaesiy  Tagldmadaueumeslsuminalussuwuunund ( batch) wagly
ssuutenlowe ( flow injection analysis) Tunismseululawwuwesazldaisazarseulvilannayin
Trametes versicolor AuEadu 1.18 U/ul Usums 6 pl unludvhesuuioninvesdalwiedananad
asuau Helilurisiigamgdves  anthuidalwihfwdenldungaluansazans 25% ngamiadladiin
nan 1 PlwsdemilUldou  wagld@numvie pH  Avnzandmsululewusmesuazauaties
(stability) veslulowuwosildwauniy  TeawSoudioudon -fodoiululewuwednounasndanis
luavhea Tun1sasiadnansusenevilludndlaesinlusiegrshidaunsansiainlaeiisuiu caffeic acid
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uni 3
A1SNNADI

3.1 gunsal
au A9 w ¢ A A Y =
QWUQQSU1GUQﬂﬂ3mLLagLﬂi@ﬂﬂ@luﬂqi‘ﬂ@a@ﬂﬂﬁ@l'ﬁqx‘ﬁﬂ 3.1

M1319% 3.1 gunsaluasiAselentdluanide

\n3asile-gunsal U UTENENER, Uszne
Potentiostat, e-Corder EA161, 210 eDAQ, Australia
Data System e-Chem eDAQ, Australia
Working electrode Glassy carbon electrode (3 mm) CH Instruments, USA
Reference electrode Ag/AgCl electrode (3 M KCl) CH Instruments, USA
Auxiliary electrode Pt wire CH Instruments, USA
Thin layer flow cell CHI 130 CH Instruments, USA
Flow meter 100624-103 Kofloc, Japan
Injector 20 uL injection loop Rheodyne, USA.
Pump LC-10AD Shimadzu, Japan

3.2 @15.Adl

'
[y [ a

Aalun1sneassluauIeiaInIs19n 3.2

o a A v Y oa ~ aov
M990 3.2 d15LAU LNTA LLagUi‘H'VlE‘\Jl&laﬁ]ﬁ'ﬁl,ﬂumisﬁufnu’ﬁ]ﬂ

Chemical and reagent Grade Supplier
Laccase from Tramestes versicolor (22.4 U/mg) AR Fluka

Gold colloid solution (particle size: 20 nm) AR Sigma-Aldrich
Bovine serum albumin (BSA) AR Sigma-Aldrich
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Chemical and reagent Grade Supplier
Citric acid AR Reagent
Dimethyl formamide (DMF) AR Kemika
Glutaraldehyde (Glu) (50%) Photographic Kemika
Catechin AR Sigma
Caffeic acid AR Sigma
Gallic acid AR Sigma
Chlorogenic acid AR Sigma
Multi-walled carbon nanotube (CNT) 95% pure Nanolab inc.
(MA, USA)
NH, functionalized carbon nanotube (CNT-NH,)  95% pure Nanolab inc.
(MA, USA)
COOH functionalized carbon nanotube (CNT- 95% pure Nanolab inc.
COOH) (MA, USA)
di-Sodium hydrogen phosphate anhydrous AR Carlo Erba

(NayHPOy)

Chitosan (CS)

Medium molecular
weight, 78-85% de-
acetylated

Sigma-Aldrich

3.3 A5n15MAa9
3.3.1 N1S3ENASLAL

asazanuannd wisulnedueuluiuaniag 25 mg avanee citrate buffer A

WuTu 0.1 M e 5.0 Usues 1 mL  azlaiduansazanenaaaa 560 U/mL

v IS

asazangluIuasudayiiy nseulaeUinlulugsudayiiuin 100 pL YSudsuesmedl DI
lAUIUNT 10 mL agle 1% luiudsudayiiy
asazateAsuauu il wssulnedepsueuuluiald 3.0 me vaisazanglamii

Wosu118a Usues 1 mL 1l sonicate smeLATad ultrasonic tWuan 3 F2lua
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ansazanslalagny anuduty 1% wisslnedlalaenu 1.00 n$u azaiedae acetic acid
ALy 29 USums 10 mlL nauaulalaeny avaneluidewentiu

@13azany citric acid AMITNTU 0.1 M wSeulaeudn citric acid 41 5.2500 NS azane
#eth DI Usinasidnteemadlumininusuinsuuin 250 mL Ysudsinsauisingaetn DI Aulily
PRI LATAISIIA 250 mL Avueliduansazane A

asaavanglaluneulalasaunesing Auwuty 0.2 M wseulaeidl Na,HPO, w1
8.9000 nfuazanedaeiin DI Usunasidniiesmadluwininusuinsuuin 250 mL Ysudsunsauiadngae
1 DI AulBlumsudAvansvun 250 mL Asusliiduansavane B

a150¥a18CITRATE BUFFERpH 5.0  teseulaeil a1sazany A USNIas 49 mlL wauiu
a1sazany B Usung 51 mL aglaaisavane citrate buffer muidaudu 0.1 M pH 5.0 U311ms 100 mL

Algd1nsun1snnass

[
Aav a4

ansiueyyadase fAnuiluendfed i 4 sdiedsd uansiell caffeic acid, gallic acid,
chlorogenic acid Wag catechin gnslAssasaLanafanad 3.3

a15azany aNTAUBUNASATENINTIIU NTEUlAYTNANTANUBUNATATYINATI WYY
catechin 0.100 n¥u Tdludninesauin 50 mL azanesivasazaty 60% Loyusalsunsianioy
adduvandaUinsunn 100 mL USudSunsiie 60% levnueaduiiadn dgliansiuenyadase
UINTFIU catechin APULLUTY 1,000 ppm

asazangngansanlen nseulaeUiun 50% glutaraldehyde 250 L USudsumsaaeh
DI aulad3uins 5 mL azla 2.5% glutaraldehyde U3unms 5 mL

a19aza18 gold nanoparticles (AUNPs) A uuty 0.01%  wisulaeUiunansazans
HAUCL 1110 L @Feansdeth DI udsuvsuesdy 10 mL fedh DI 91ntadiun disavane

HAUCl, U309 5 mL danlvianufouiionmgd 65°C Wuian 10 w1l ndeuniunaearian 910ty
Wi 1% Sodium Citrate Usunas 170 pL lianufoudioamig 125°C wdounmunasaiial uan 30

Y171 98l AUNPs @MUY 10 mM
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Groups antioxidants Structure
COOH
S
Caffeic acid
OH
OH
COOH
- l Gallic acid HO OH
olypheno OH
HO. COOH
QLS
HO' " Yo 7
Chlorogenic acid OH OH
OH
OH
OH
HO o
Flavonoid Catechin OH
OH
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3.3.2 ﬂ'liwﬁ&l&lmiazmaaqmﬂwa\iuﬂu (gold nanoparticles)

NISASeUa15aZa1g 10 mM HAuCl,
¥3 Chloroauric acid (HAUCLy) 311 0.0200 ¢ avanemaeii DI Usunsidntesuasin
Tdvindausunnsaunn 10 mL ntiuviinisusudsunnstidu 10 mL dae DI

A15M38UE15azanY gold nanoparticles

A15ara18aUN1ANBIUILY (AUNPs) ANUYNTY 1.0 mM eSEumdisves D. A
McFarland wazaay (2004) [27] IneUiUnarsazany HAUCl AN 10 mM USu1ms 1.0 mL wad
Turantadsumsauna 10 mL wiusulSumslaaadnuendsumsdu 10 mL fevh DI wdsanduth
ansazaneiilauilinnudousuienndousurinismunasanavuailinuiou  Weasazanaiiien
Wnasazate sodium citrate ANLULTY 38.8 mM USuns 1 mL laease ¢ vienasluansazaieiiay
tor WhaudeundoutumuansazanesoUszana 10 Wil unseiiansazatsudeuiuiunideasls

#@138¢818 AuNPs

3.3.3 mswssululawwuiwas
3331 nsianuazerntrlniinanadaniueu
yhenaveradalwihnanadaniueu Taedafmihdalaiindhense  ggiiuniudi
Fnvann datnlniihlaeldnee zaiwuwn 1.0, 0.3 uaz 0.05 luAsou mNEIAu nntuddliazen

setnau U1lu sonicate AUt DI Wuan 2 undl wad v

3.3.3.2 nsluanienvrlnflinanadansuay
a) GC/CNT/Lac+BSA/Glu

CNT 40 uL. laccase+BSA 20 uL \

Glu 15 uL
Dried at roem 0 Dried at room Dried at room
temperature temperature temperature
— ——
\ GC GC/CNT GC/CNT/LactBSA GC/CNT/LactBSA (—'1)

b) GC/CNT/Lac+BSA/AuNPs/Glu

(. )

CNT 40 pL laccase+tBSA 20 pL AulNFs 10 uL Gln 15 uL
7 Dried atroom 3 Dried at roem Dried atroom [ Dried at room ]
temperature temperature temperahure temp eratur
> > —_ —_—
GC/CNT GC/CNT/LactBSA/AuNP s Glu

\ GO
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c) GC/CNT/AuNPs/Lac+BSA/Glu

((‘NT 40 pL AuliPs 10 L laccase+BSA 20 L Glu 15 pL \
Dried at room Dried at reem Dried at room Dried at room
temperature mnp erature tempﬂ ature temp eratm-i
GC/CNT/AuNP sLac+BSA/Glu

\ GC GC/ICNT

d) GC/CNT-NH,/AuNPs/Lac+BSA/Glu

(,NT-NH 20 nL —XuNPs. 10 uL, L.u:JrBS—\ 20 nL, Glu 15 pL e)

S Y NS

GC/CNT-NH,/AuNPs/Lac+BSA/Glu

3.3.4 lgaanlaununs (Cyclic voltammetry)

nsnaaeslgaanliauny me‘%LLaméfﬁ‘dﬁ 3.1 pseslnnudleanm U EA 161 uag e-
corder U 210 (U3¥ EDAQ) lag I’;ameumﬂwaa A 25 mL (§Uunsn, sﬂm 3.1) Usznausie
it 3 49 ldun Srlnihedenanadanduey  (GO) s35um (3 mm diameter) vide talinanad
msvauiluRThesdemsusuuluneyTndnuaziouleduamaadudalnildo Falwiih Ag/AcCt

Wutlnienadauas 1dam Pt 1wt lndingne

‘Data processing

5UN 3.1 naneaedlendnliawnuiuvsuazinsosenltlunisvaaes JUwsnLanslIaunuuvsniead
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3.3.5  STUUIATICHLUULDNLNDSLSLUNS

sruUieTsiuuemmeslsvaTa bl ity (GC/CNT-NH,/AUNPs/Lac+BSA/GLU)
uansdasuil 3.2 HPLC f fu LC-10AD (U39 Shimadzu), Injector U3ams loop 20 pL (U3
Rheodyne), in3adlwiyuTleaian Ju EA 161 uag e-corder Ju 210 (U3t eDAQ) uay thin layer flow
cell (3Uunan, 3Uf 3.2) Usgnousedalih 3 42 TduAdalrinanadensueuillufmesdemsuouu
Tupoulndnuazioulvduamaadudalnilldou, $hliih Ag/Aect iWudaliingnsds uwagldvio stainless
steel \Judalwiihgag  active area dmsudhluiiildouwiiu 006 cm’ 1dasazane citrate buffer
ANudNty 0.1 M 1Juansazanesann (carrier solution)

20 uL sample/standard

Pump @ | ECD |, Waste
|

| S E—

0.1 M Citrate buffer 1 mLmin’
(pH 5.5)

JUN 3.2 wuiilvladvesszuulnaduianduesunada Nnsiainsiemada wosiwestslumsivaluih
laccase biosensor MHAWUITY (GC/CNT-NH,/AUNPs/Lac+BSA/Glu) SUUNINKARIAMYDY thin layer

flow cell

3.3.6 N1SLASIUAIDEY
3.3.6.1 fheghefiv-dnituthu
- Fnituthuildluamuddeludiuwes msussdiulsyansamaes ssuuTraduan

%’uawﬁ%ﬁﬁmiﬁﬂﬁwmﬂﬁﬂ LL@NLW@ﬁiLNW%ﬁ%’]‘lV\MW laccase biosensor ﬁﬁmmﬁu ﬁ 13 ij@ "Lg]lLLﬂl N3&
wia, Thvzanslas, 39, veng esiuds, dnwe, iy, vesudia, Anniedu, Tusegu, nemdahs, Tu
un way wpih deeaniudvesguriluedmiaguasesiiluraaieu wouniau -fguieu 2554
Aouthun s eaigny ssuuTnadulardueyuiada Ainsaaindomain woumeslsum Sdauanunalule
U SINAILNTY Fosruwssufegswasnsatagi
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[
o A o A £ 1%

PY- AN ANUTIULIA9YIANNAE D ARARNIANTALAT e anzalulu isedIunly

a

Sulsznu eufigamgdl 40°C  uu 48 Pilusmegevaniou aulduminiiae diluuaviedulinle

Y
= U

fhegrauisiifutedeatuussgadunusditadiaga Fusnuligumniivssana - 18°C msadin
MsiueYyadaTzaINa T siAUNINTEves S, Silva [28] Iaedefegrsuriantin 2.5 £ 0.0001 g
wnafiieorndndiad (pigment) warly (wax) §e enwuysinns 25.00 mL (@fa 3 %) thmnfwide
@nnee 80% Lunuea USu1as 25.00 mL wag 2% Na,S,0s  Usuas 5.00 mL (@i 3 afy) i
vounmfiatnliinsauiy mndunsesrihunsyaenseswin 045 llaswns iusheeslunisuydvnd
fehUnatnigaumgivszana 7°C

3.3.6.2 A8
f0819% Aludde 483w 3 wie Town ¥ugd, wlundsu war e wiun
WisUwarannnautluIeszyt messuulnadulIntuasUNATANNTIAIAMIEWATA OSSN SN
warLAELULBL Y USRS NNAILITY ATl
1 a <@ a (Y] 3 = io’ ] Y 1 a

gilundou uay vuded Jundadueiussy 1 sediumineingu 1.40 ¢ dw wued, 1

Y 1 Y o 1 a 1% go’ ¥V a 0 a
o9 vinwiiu 3.50 ¢ thyusiasyin 1 goe 1vsiednseu (@aumaiivsvanm 100 ~C) Usuns 50

mL AuwasAdIUszanm 2 wii Aeilimdu wazihlunsasiunseaunsoswuna 0.45 lulasiuns
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uni 4
NANISNAABILAZINTAINANITNAAD

4.1 msfnwasdUsznaufiviancauvadiuTeuigas

Tunisfnwim ssdUsznawvedlulowuees  fwzan sewaialsndnlauwuams
ynsinwilag W lniheslinnatadasuousssun (GO) wazdhliiinanadaiveuilufvhessn 4
Y lAwn GC/Lac+BSA/Glu, GC/CNT, GC/CNT/Lac+BSA way GC/CNT/Lac+BSA/Glu Lﬁaﬁﬂmms
NaUfisensinduresansinueyyadassunnsgiy  catechin Melausseniaveseendiau (40
mL/min) willeansazaneansazansdidninsladiienyy (asazanacitrate bufferpH 5.0 Aaidudy
0.1 luan9) mamiwmaaummﬁagﬂﬁ 4.1

mamimmammngﬂﬁ 4.1 wuisalili GC s55um wazdalnih 6C Audvhosnuiindsndy
¥4 catechin usfilawzdalwih  GC/Lac+BSA/GlU (3U 1b) Ay GC/CNT/Lac+BSA/Glu (3U 1e)
whthuflannsaiaisnduves catechin lalutsdnglniihdiusnyay fedus -0.2 83 0.0 V Fsiig
Fndliihfananerliiidygnasumunnasiu 9 dleSeuiisuanwhvesdluiwisaemui
Falwi GC/CNT/Lac+BSA/GLU ﬁamwbﬁqmd’] GC/Lac+BSA/GLU B9 20 Wi sfatupsdusznaud]

NraLresta lnfinAe GC/CNT/Lac+BSA/GLU
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a)

24

=9
-- flow O2 40 mL/min
-4+ catechin 40 ppm
06 04 -02 00 02 04 06
Potential (V vs. Ag/AgCl)
4l b) 4004 c)
—_ 24 —~ 2004
! 3
2 4 2 o
=5
[$]
© L] 200
« =+ flow 0,40 mL/min ---- flow O, 40 mL/min
41 catechin 40 ppm -400 - catechin 40 ppm
06 04 02 00 02 04 06 06 04 02 00 02 04 06
Potential (V vs. Ag/AgCl) Potential (V vs. Ag/AgCl)
200
400 d) e)
100
—~ 200 —_
3 !
£ ol £ ol
g g °
5 o
-200
-100
- --- flow 0,40 mL/min ---- flow O, 40 mL/min
-400 4 catechin 40 ppm catechin 40 ppm
T T T T T T -200 T T T T T T
-0.6 -0.4 -0.2 0.0 0.2 04 0.6 06 -04 -02 0.0 0.2 0.4 0.6
Potential (V vs. Ag/AgCl) Potential (V vs. Ag/AgCl)

g'ﬂﬁ 4.1 lwpanTaunaluwnsy ves catechin avadudu 40 ppm Fialuihdauuseiin a) GC,
b) GC/Lac+BSA/Glu, ¢) GC/CNT, d) GC/CNT/Lac+BSA wag e) GC/CNT/Lac+BSA/Glu @UUSLan

nszuau (back ground current) Y8sansavaleBdninstasiionyy, citrate buffer pH 5.0

4.2 arsAnwvtavasarsusuuluitdnwmunzaulunisludniee lulewugas

TunsAnwmvsiavesasuauuuiIURwmnzaulunisluaneatulowuwas vinn1sane

Tagldarsvauuluiagd 3 afie LA CNT, CNT-NH, wag CNT-COOH snlslunisiuaniendaluliin

NANATASUDUAITD a (GC/CNT/Lac+BSA/GlU) Tukate 3.3.3.2  lansazaiycitrate buffer pH 5.0

sruvliaselumsusziiuauanunsaiueuyadase
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anududy 0.1 M WWuasazanedianinsladinenyu vinnsveasdlagldmedalendnlaunuwns
WefnwINsiinUAzesinduresansinueyyadaseunsgIu catechin nan1svaaadlun1sAnyIm

yilarasmsusuluminmingailunsludvhealulowuges uanadagui 4.2

40 -
< EIeNT
— 304 [ZZICNT-NH, 7777
S 7771 CNT-COOH
=
3
et 20 -
o
Bl
7]
3
T 10
)
(14

0 : QHAX . . Satetete’s r . KAXX
-0.05 0.00 0.05
Potential (V vs. Ag/AgCl)

Ul 4.2 Anszuanes catechin iy 40 ppm AdnSlAT -0.05, 0.0 way 0.05 V 7il¢i
ndaliiiedn  GC/ONT/Lac+BSA/GlU @sldmrduauunlufind CNT, CNT-NH, uag CNT-COOH

(ANIzUaRdsINNIseEuTa il 3 99 (3 replicates) wag error bar LaAIA1 S.D. 9INA1TIA)

mﬂgﬂﬁ 4.2 wuindalihedn GC/CNT/Lac+BSA/GLU @sldmnsusuunluiindsiin CNT-NH, 9v
Tidyaaanszuasantuve catechin ﬁqaﬁqmﬁai’ﬂmmmmﬁ finglwiln -0.05, 0.00 uay +0.05 V
fatlonaidioswnain CNT-NH, Seugiladu NH, imgegiituinvesaivouulufind Saniwiiuiad
wingvhlanansaqUisaneulss uamealdd dsalidaluihifld. ONT-NH, Tunislufvheddald

lnAnszuaIAntuves catechin Nigsian

4.3 msAnvuiaiusawliveslulawuweilagldeynianesulu (AuNPs)
Tunsinwiiledivan whvedulowuwes  sxfnwinavesnisifin AUNPs U3u1ms
10 plL asldlululowuwes 9dn  GC/CNT-NH,/Lac+BSA/GLU Aouuasndstuaes Lac+BSA  awld
it 2 TG GC/ONT-NH,/AUNPS/Lac+BSA/GLU e GC/CNT-NH,/Lac+BSA/AUNPS/GLu
thenszuasinduves catechin avududy 40 ppm Adndliihen -0.05, 0.0 war 0.05 V #ildan
g lifiuUSsuieuR Ul GC/ONT-NH,/ Lac+BSA (13ifl AUNPs) Wan snaaosuanss

JUN 4.3
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1 CNT-NH,_Lac+BSA_Glu
[ ]CNT-NH,_Lac+BSA_AuNPs_Glu
& CNT-NH,_AuNPs_Lac+BSA_Glu
]
g 30 -
=
(&)
=
) 20
o
(8]
=
© 10-
14
0 < = l Sotetatetad
0.00 0.05
Potential (V vs. Ag/AgCl)

gﬂﬁ 43 enszuaisnduves catechin nudidu 40 ppm Aildandalwihadn GC/ONT-
NH,/Lac+BSA (lafil  AuNPs) wagalwihddmsdy AuNPs Aoy (@l GC/ONT-
NH,/AuNPs/Lac+BSA/Glu) LaEVStUIDY Lac+BSA (sﬂgaﬁﬁ GC/CNT-NH,/Lac+BSA/AuNPs/Glu) i
#ndlalidth -0.05, 0.0 waz 0.05 V (Anszuaidntuiinanadudeasaniswiondalidh 3 42 3

replicates) wag error bar kamdA1 S.D. 31NN1TIA)

deSsudloussninadaluiin GC/CNT-NH,/Lac+BSA/Glu (lsifl AuNPs) wagdrlniindisinnsidy
AUNPs faasdalii@o  GC/CNT-NH,/Lac+BSA/AUNPS/Glu uay GC/CNT-
NH,/AUNPs/Lac+BSA/GlU  nui@staluidh Afinsidia Aunps  wnluTudvihesdalainlddayanes
3¥ndure catechin figedunindalwihillsifimaiin Aunps adoraidlesunanaaasRinsnlwihi
Av83 AUNPs v‘iﬂﬁ%’jﬂw%ﬁimamsﬁﬁwi’aaL%ﬂﬂizﬂauﬁ fi AUNPs azanusahlnileATu Sana
filsRaflanligandt WewSeudisusewiensidn AuNPs  adlulululewuiees win  GC/CNT-
NH,/Lac+BSA/Glu AoULAT S ITLUD Lac+BSA wuinAnsTLaInTaaediatiilndfosiy  agals
fnumadin AuNPs deuvdstunes Lac+BSA Triannseuagenindntion feduadonaniozdalih

GC/CNT-NH,/AUNPs/Lac+BSA/Glu 1fuanmeziitmnya
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4.4 lwadnlraunuluunsuvasasiuayyadase

lyndnlaaunsluunsuvesansinueyyadasy (catechin, caffeic acid uay gallic acid) filsann
Wlyliwiin GC/CNT-NH,/AUNPs/Lac+BSA/Glu Lanafaguil 4.4

300
a)
200
< 100
!
5
O -100+
-200{ 7 -+~ flow 0, 40 mL/min
catechin 40 ppm
-300 T T T T . T
-06 -04 -0.2 0.0 0.2 0.4 0.6
Potential (V vs. Ag/AgCI)
300 300
b c
200 - ) 200 )
< 100 < 100
! !
5 5
O _100 O .100+
-200 - <<+ flow 0,40 mL/min 2001 7 --=+ flow 0, 40 mL/min
i caffeic acid 40 ppm gallic acid 40 ppm
-300 T T T T T T -300 T T T T T T
-06 -04 -0.2 0.0 0.2 0.4 0.6 -06 -04 -0.2 0.0 0.2 0.4 0.6
Potential (V vs. Ag/AgCl) Potential (V vs. Ag/AgCl)

5Ufi 4.4 TwadnTaumailuunsy w9 (a) catechin, (b) caffeic acid, and (¢) gallic acid (&ufiu)
Aty 40 ppm Al GC/CNT-NH,/AUNPs/Lac+BSA/GlU 1duUszuansnszuanu (back

ground current) ﬁuaﬂmiazmaﬁLﬁﬂimﬂaﬁlﬁawu, citrate buffer pH 5.0

nansvaaeandlfiiuansn indinduresansiuoyyadasea 4 sdadldndngluieh
aluraa 0.05 f9-0.05 V ns¥adinszualutiedindsn o deziiderveinisinde fannlige dloswn
Fyanamenszuanuiiam WazdlAUTIUNIZIAL G fownanssu  nausewdasing o Tals
Fyanaiivadngi
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4.5 nsfnwmanmsimnnzanlunisinasiusyyadassiiglulawuasnnmuny
4.5.1 wavae pH vasasazanedianlasladinonyy

Haues pH vesansavanedidnlnsladifionyu (0.1 M citrate buffer solution) @inw
IngTaufisensanduves  catechin AMLINTY 40 ppm il GC/CNT-
NH,/AUNPs/Lac+BSA/Glu aematialaaanliaunuwns luaisazaigcitrate bufferiies 439 4.0 99
7.0 HANTVIAABIUARIAITUR 4.5

50 4

40

30 %———i——/_

20-: \{

10 4

Reduction current (pA)

0 T v T v T v T v T v T T T 1
40 45 50 55 6.0 65 7.0

pH

Uil 4.5 naves pH vesasazanedidninslamiievyu (0.1 M citrate buffer solution) sie
ANTELEUDY  caffeic acid AULTNTY 40 ppm nialaglggaluin - GC/CNT-
NH,/AuNPs/Lac+BSA/Glu (Tmmnszuandngluiin 0.05 V)

HAN15VAaeNgY 4.5 wuianudunse uavesasazaneiinasienisinauveseuled
A a ) s I s ' = v PN ]
ANLDYVBIANTALAY BNTAUNIWDTANULVUIU 0.1 Illa"ﬁ I‘UGU'N 55096.0 IﬂﬂqﬂizLLﬁ%ﬁfW@G‘l LU

ANNLTVBIENTAYan8citrate buffer? WaY 5.0 1NNTIA 3 ASIIALTELUY (SD) ApenI1 AILUN
LOVVDIENTALAETNIAUNNBSAMUUTY 0.1 Tuans Mvunzaulunisinfe Wy 5.5

]
L '3

4.5.2 wavasUunanrsuauunluiadninyileiduazaily (CNT-NH,)

TumsAnemUSina CNT-NH, fimsngaalunissaudsialnih azwdeu
lulawulwes GC/CNT-NH,/AUNPs/Lac+BSA/Glu Tagldasazanaaas CNT-NH, Auidadu 0, 0.5,
1.0, 2.0, 3.0, 4.0 wag 50 mg/mL  Usums 20 pL lutuseunsinsendaluin  wavesdsuneu

CNT-NH, #i9n1505393nUf)i5e13anduved catechin wansssnIni 4.6
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50 -

40-: . /i\i—i
30+ /

20

10 4

Reduction current (pA)

1 2 3 4 5
Concentration of CNT (mg/mL)

(=1 2

SUT 4.6 wavesUTIna CNT-NH, (U3inms 20 pL) fildludunsunmswdendaliih Go/onT-
NH,/AuNPs/Lac+BSA/Glu faf1nseuaves caffeic acid Asdudy 40 ppm (InAnseuandndluin
0.05 V)

HANI5NARR 99N3U 4.6 wuduileuSanal  CNT-NH, TutanidauszneuliinanniuAinseua
999 catechin HAMANTULALISUAIEIDANUTNTUYDY  CNT-NH, luarsazaneludvhes  1u 3
me/mL  aetuiadenaududuues CNT-NH, 1Ju 3 mg/mL \Wuaiwnvandmsunisaass

foly
4.5.3 HavasUTuNaean1ANeIuIly (AuNPs)

NAYeIU3HMs aynAnealy AuNPs  (ub) Aldlunsdinudstalalin dnwilnega
UfAsen3antuves 40 ppm catechin W93k GC/CNT-NH,/AUNPs/Lac+BSA/Glu memalinly
aanbawnuns (luansaganecitrate bufferiitey 5.5) NaN1INAGBLAAINIIUN 4.7
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50 -
— 40- *
g § / \.
- ®
§ 30 / i
S -{
o
c 20+
2
:
© 10
Q
@
0[ & 1 X U " I % I
0 10 20 30 40
Volume of AuNPs (ulL)
Ul 4.7 wavesUsms  AUNPs (u L) fldluduneumswioudaliih - GC/ONT-

NH,/AUNPs/Lac+BSA/GLU fifisiernszuanes caffeic acid avududu 40 ppm  (adinssuail

fnelulin 0.05 V)

NansVaeIUIEiainy3ne AuNPs Anssuailddaniiuiu 910 0 81 10 ul wawisy
aaTiiloldUsinsues AuNPs 11nn31 10 pl  WewSeuiieululowweesiiladdl AuNPs (0 pL) fu
Tlowuwosildusansves  AuNPs u 10 p L wuindnssuaiildifisiuanniuiseeain 4
Anssuafinndudiofinnsidiu AuNps AannauautRnisiludilnies AuNPs waz AuNPs
Fimthvesliiiwinlieuleduanaaaiunse gﬂ@@%’Ulé’aEJNﬁ‘Uisamﬁmwmmﬁuamwlﬂuﬂﬁ

ATV

4.5.4 navesUsunaauloduanag (Lac)
ANSAN®N MUSINUALNzaLvaaUlgikamed Tuatsazangluanien  Tun1sveaseq $in
asavareeuledianaa unauivansaraeluingsudayiiu ludnsid 20 @ 1 lagldansazanely

WFTUTaYIY AT 1% wazasAnwianudntuveeuleduanean 0.0, 3.0, 5.0, 8.0, 10.0,
20.0 uaz 25.0 mg/mL lonansmaaesisgun 4.8
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50 }
\i\l ® {
— 401 I
2
=
g 30
=
o
c 20
2
B
- 10
[}
x 1@
0 T ¥ T - T u T % T * T
0 5 10 15 20 25
Concentration of laccase (mg/mL)

JUT 4.8 Anuduiusseninsdnseuannuisensinduresansaraieunsgiu caffeic acid
AMULTNTUL 40 ppm AuANutiTueaeulysilaalAg (meg/mL), (laccase : 1% BSA , 20 :1)

PNNANITANYINAUD Uunaseulesivamaa wuindlediuanududueuledivanagain 0 -
5 me/mL Anseuadfissnntudunanmassusemenedlsiuanea Taeuimaiouleiuanied
5 me/mL agliimnszuatigefian widlefunnududureneulssfldinniudnnduiiliainssua
anasilesnnUSnaiuiniiuneveseuledluuatinisvhauvesiasiues vldAnnsdunly
nMstemsidneseu susudonaunduiuveneuleduanead 5 me/mlL Tunsldnusiold

4.5.5 wavesUTunuasasateluIudiudayiiu (BSA)
NsANwIdRTIELNmIzaNvesasaraeluIugsudayiiu Fadunismeassainiiansazaty

wulwduanaaaududy 5 meg/mlL nauivasaraeluiugiudayiiuanududy 1% ludnsidiu
20:1,20:2,20:5,20:10 way 20 : 20 mamsmaaaéfﬂgﬂﬂ 4.9
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JUT 4.9 anuduiusseninsdnselannuisensinduresansaraleunsgiu  caffeic acid
ALY 40 ppm AudasiduveteulivannaseasasangluIugsudayliu (5 mg/mL laccase
: 1% BSA 9 20 : 1,20:2,20:5,20:10 wag 20 : 20)

PNuan1snaaestusuil 4.9 wudesazangluiugsudayiuviiglunisasivedeulydvinli
wulzdvihaulafvy wivsinannifulivessazangluingiudayliunduriilaanssuaanas
= a Ao o a < a = = LY o ) Y a [
Wesnnluiugsudaylivduluanavedusiu dshiflnaaut@lunisiilii viliAanisdavinans
fewmdlanasau vinlanaNatunsalunisinuvedlulawuees AaiusnIIdILTRIaNTaTaNY
wulzduanpaauduty 5 me/mL : 1% ansazarelulu@sudayiu Mvunzaude 20 : 1

4.5.6 HavesUTIUEITATAIENgA1TaAtan (Glu)

nsAnwANUdutuYesasaratengasarteananeadlunsiuaneavalnii e ldlunis
psaaulasilmnieinuuivtndlwiilen Teednwiienugudy 0.0, 0.5, 1.0, 2.5, 5.0 wag 10.0%
lonanagun 4.10
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50 \{
40
304

20-: {

10 -

Reduction current (pA)

0 1 y T ¥ T ¥ T ¥ ¥
0 2 4 6 8 10
Glu (%)

JUN 4.10  anuduiusseninmnsslanuisensanduvesansazaeuinsgiy  caffeic
acid AnuLdudu 40 ppm fuANUdLTUYRIENTAaTANENgAITARLER (%)

Mnuan1snaaedluzui 4.10 wudidaiumnudntures asararengaisalen a1n 0 8

| A Y oa = A o al f @ w1 = & a v
1.0 % eAnszuanlaiingdu esnasazaengaiadlaniluiigiglunisesaeuleduuioni
PINAN vinlrdswanan15vinauveweu bl useanS N wun g9y kaliloNAINULYLTUUD
asavarengaiaflanuinndt 1% nauvilieinssuaanas Madlonailiosnansararengniianleni
auanUindulndwesidednnududuge)  Juedovvuimihdalwihvilidavinsmsvhauees
wulal vibilianunsademdianaseuldd  dwudadenldansaratengmiadladmnududy 1%
Tunmswaunlulawuseswazirlulglussuuveanisivawuusnlusdfneld

4.6 nmsUszandlduaniadlulawueasinaunyuluszuunadunatuazunadannsiain
arewmalianaunwaslsun3 (Fl-laccase biosensor)

4.6.1 Anwdndlninuanzay
AnwwnAndliihimangay Tunsesiainvedulowuges Tussuulvaduaduszundda i
asviamamaliaweumeslsums (JU 3.2) lnenmiaindayaiuvesasiueyyadasendngliiie

A9 9 TaeAnwlueae -0.2 88 0.2 V lnen1samaindyeunsziauss caffeic acid ANUUNTY 10
ppm U311015 20 pL iaadllussuulvladuinadussundda nan1snaaeduansfsgun 4.11
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aaa

sUfl 4.11 msmevaussaslulelmumed (GC/CNT-NH,/AUNPs/Lac+BSA/GLU) 91nUfA3EN
FinTuvesasazatsuInggIu caffeic acid Aty 10 ppm ndngluil -0.2 81 0.2 Tiad

nan1IVaaes wulaiindnglninlienn 0.2 §9-0.05 vV Nuilairvesdyaiunszud
Sendudlanindy Aendluid -0.05 v awlidyiiigange uavisuanasileliafndluiiiau

sanudadendndlnii -0.05 v Felidyaaigaiian uafivanzay Idygiasunuim aunse
Toanslanadutusng 1a wazannsaannaainsisuniulusiegslasnaig

4.6.2 ANwII9RIINISIMATBIEITATAEAMNITIMNNZEY

lunsAnwsnsinisina (flow rate) vosansaganemIng wse carrier solution (0.1 M
citrate buffer pH 5.5) Musnzan az@nwnluaeensInisiva 0.25-3.00 mL/min - KANISNAADILERS
AaguN 4.12
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JUN 4.12 wavessnssivavesansazaneding (0.1 M citrate buffer pH 5.5) deonuild
NAvodyIunTzLaIAnTU (peak area) LazdulIufog19dat7lae (sample throughput)

mamwmammmgﬂﬁ 4.12 wu Beafiusnsnisinavesaisazanedann axvililamnszuai
mas ust 19 nanlunisnsainansiedns  duasdadudnuasdinuldvhluvesnsinseiuuy
enzyme-based assay Tuszuuifinisiva aenndostunanisnuives Fernandez-Sanchez uay
Ay [29] dleldsnsnislnavesansazanesmiintusunushegeedalas ( sample
throughput) fFngetu  dafuflewmuszurinneilvaunsonatalisng  dudefinsan
Uoyaved throughput wuinsledasmsinaiinduann 0.5-1.5 ml/min @wsansiainfegnals
$numnTusguiiulédn wasdlofiusnsnisivainniuiy 1.5 ml/min s1unuinegnasedilus
Suash drdaden snsnislwai 15 mUmin WuAdiwnzautezt Wlunsveass dely
esnannsansiviasegnslasiniaie 32 fegrsadalus

4.7 auanwazvadlulawua SIWAILIYY
4.7.1 @nwanuanysvaslulawuios
N15NAaBIHALYINNINAABUANLLED 8 SUBILAALAA LUl USRS AWMU TUNIY  Szuulnadu

WAtuorATaNnTIInMewmadawaneslswns  nmeaedlagdnansazateuinsgiu caffeic
acid ANULLTY 10 ppm (n = 20) luszuuladuaadusrunada lnensiainansiueyyadaseeiy
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wedlauoumeslsuys v idndliih 0.05 v daisazats 0.1 M citrate buffer pH 55 Ju

A1582a79HIN1 9RIINSIAA 1.5 mL/min mamimaaqﬁ’qgﬂﬁ 4.13

l 5 A |
f;{ "/ /‘ /‘ '//1 /’/ ."/] ,’/‘ ,"/1 f’ﬂ '/1 ,//1 / /‘ ,/1 //' i/‘ /i/ //1
AL [ :f ; ;‘; ;, i: , ;‘; ;; f |

!
|

! { | |
! | ' )
f |

]

5 min

U 4.13 FIA gram vesansara1eunsgIu caffeic acid Auduty 10 ppm Aldanssuy
adulartuazuNaTa Nns1379 snemata waunaslsiwuy 57 lulelwuwas ivauniu (AnAInsEwan

fngluiin -0.05 V, ensinistua 1.5 mL/min)

NEANINARBIUFUN 4.13 WUl Wednansaraleannsgu caffeic acid AN 10
ppm 5 Wlewuwesiimunduausansivialalaglirinssuaniiainunies (precision) g¢ 1ot
1 d’{l e v av v o J = [ Y & 1
ANUNLANTINALAINAITNABDWIATUIUMIAT  RSD  WUILAWVIAY 3.09%  wansliiuINszuy
a 6 (Y QAN Aa g v (Y ‘:lr-:l'gj ¢l
IaTzsnuudnludRluszuundnisivaiildnisasiaianuusenwestsuvsndlulomuiyesn
Wty Tidggraunsanaiafidenuatosiay Mseevauesd  nseTeilaung (@8

F081998971)

4.7.2 Fnwrdasnisnevduasnuutludunse (linearity range)

=

TunsnaaendinisnevaweaLuuludunsivesseuulnaduandussundda nsiainme
wiatia weumaslsum 3077 lulowwwesiiwunau ladnw Tuaisavaeansgiuns 4 wile loun
caffeic acid, catechin, gallic acid wag chlorogenic acid lnan15NAaBIRIRISIN 4.1
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Antioxidants Linearity range Linear equations r LOD’ %RSDb
(mg L) (me. L
Caffeic acid 05-8 y = 0.7528x + 0.6320  0.997 0.07 2.40
Catechin 0.5-100 y = 0.1420x + 1.0165 0.997 0.07 2.60
Gallic acid 0.5-10 y = 0.1687x + 0.5825 0.999 0.05 1.70
Chlorogenic acid 0.5-10 y = 0.2065x + 0.8069 0.995 0.07 2.20
Trolox 05-8 y = 0.8793x + 1.1219 0.997 0.03 2.16

a

b ansunagyiia (n=7)

AUINAN 30 (N=7) VesdyayIauansinueyadaseAuutusfignlu working range vesansudazYiln

AwInINuAlaailaanns@aasiueuyadaseUsuing 20 plb anudutusifianly working range a1

M0819vRIT Y IULAENIIMINATFIUVBIANTAUBULATATY chlorogenic acid wand AagU

=)

] 3 3 3
p oy o = =
-6 4
< 3.0,
3 y =0.2065x + 0.8069
— -8- 2.51 )
@ —
*E % 20 r =0.995
8 X~ 1.5
= 5
=S 104 A 1.0
O 10
0.5;
0.0 - : ; ; .
0 2 4 6 8 10
-12 - Concentration of chlorogenic acid (ppm)
0 300 600 900 1200 1500

Time (S)

1800

5UM 4.13 1eg13v0e FIA gram ¥8@5aza8u1nsgIu chlorogenic acid AMMUNTY 0.5

4 10 ppm Aldanszuuvadulantuezuada nesiainsemaia wosweslsw sna lulowuges

INAUNTY LagnsniInsgIu
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4.7.3 NSANYINAVDIAITUNIU ( Interference study)

Tuns@nwavessisumuiiidessuulnaduanduszuadafinsain feweiauoumes
TsuvisfithluTowuresiiauiy fasunmuiithudnwildun fructose, sucrose way ascorbic acid
insnaaeulnedndyIuAINTE LAY TAXA18NINSgIU  chlorogenic acid AIULTNTY 10 ppm
AfdrsUNMUAMIIITusg 9 sFeuilsuiuaisazateannsgiu chlorogenic acid Avwidutu 10
opm #lifishsuniu  Sdyaavesrnszualinnuuandietuiy £ 5% fedndinnssuniudenis
AL HANITNAAOULARITIINT ST 4.2

A1519% 4.2 HANTSANWIRITUNIUY

A5UNIU Paspanaduduiidnen (opm) | Tolerance limit® (ppm)
Fructose 10-1,000 Does not interfere
Sucrose 10-1,000 200

Ascorbic acid 10-50 50

a i [ a 1
nsasuunUasdygaliu + 5% 09915UNU

PANANITAaIlUAITIN 4.2 WU fructose lsunaunsilaszilugsn@ne (0-
1,000 ppm) sucrose TAdeyqIausUNIUEoANTLTUUTZLM 200 ppm WaE?l ascorbic acid 4%
FUNIUTTULIRTIEYEadAudntuiies 50 ppm usilosanluiegsasaninainiivayulnsuas
PINWUUTLNYOY ascorbic acid WiahmAudluusume [30]  MIUUANNTUNIZIAIZIIVDINIT
a € 1 1 Q{' o Y @ a
Anseidemegimazinlulssyndlddalumiinela
4.8 MsUszenald szuulnadunatussuna@s Mvaudulunisindsuiuasiuayyadaseain
drsanany-Anwutu

[ ¥
IS

4.8.1 Usziliu UsLaNSN1nva95suulnaduantuasunadannmuidu

Uzl seananm vosszuulnaduaatusruddaiinnaiasmemeiatounesl sy
FruannalulowudiosTiwmuntu ( Fi-laccase  biosensor) Tngmstnludszgndlilunisiinsey
Usinuasiueyyadasslaey (TAQ luiedansadnanfie-dnfiuduswau 7 via uagn
$1u7u 2 9l Fstpanudwesmmiluasiminguanssflutiafeunguaney Sguieu 2554
Fofiu-niiuthuuay mildlunismeassuanafansd 4.3

thwadnsianeild anszuuInaduantuszinadannmaiafomeaiaussmeslsumia
Tusanalulawudisesfiiautu sieudouiuiBunsguliun 383alagld FolinCiocalteau
reagent (FCR method) auisal#dausnusmvesasiludndiduiisensuluiagiu wuilédua
MsMAaDfsgUT 4.14
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AN519N 4.4 FBNV-RNNUTIU Az NUIL UseliuUseansnineed ssuunaduandussunasan

WU

Yornsiny Yonwdangu
ON; Ginger
nEmdag Cabbage
NNWE Limnocharis flava Buch.
VDTN Heart-leaved moonseed
VENG Wildbetal Leafbush
NI White crane flower
Tuthun Asiatic pennywort
LRt ER Jasmine tea
¥ lungdeu Mulberry Tree tea

80 ;
Fl-laccase biosensor

® Folin-Ciocalteau method

mg of Gallic acid.g* of sample

Samples

Ul 4.16 Amadnsiiesizivesan TAC fesefldanansainndnuasfivayulnsia 8
¥iin (Fogheay 3 replicate) anmTiAseside svuulnladuaetuozunadansiatniivali
laccase biosensor L1y (Fl-laccase biosensor) LAZII0UINIFIUMUY Folin-Ciocalteau H
nsnsivinmemalinaalnslnlawms

Y

SUN 4.16 LAAIHAANSIATIENVDIAT TAC 2INAITIATILINE T2UUTEUU INad Ut uasUn

[

aa o v v a ad I3 3 X .
a‘lfﬂﬂ@]ﬁ']ﬁnﬂﬂjﬁlLW@U@LL@NLW@%I?LQJV]?V]SU']LLaﬂLﬂavLUIaL‘lfu@L‘U@'ﬁmwwuqmu ( Fl-laccase biosensor)

sruvilagsilumsussdiuauannsaiueyadass Yausganm 2554



40

La¥ITIFUIAT LY Folin-Ciocalteau (Folin-Ciocalteau method) — #Alasgwildann faagsans
affmandnuagfivayulnsiutiusiuau 7 wlin uassn S 2 wlin nnmeaemuiniina TAC
fwuluansartn andiv-Fnfuthu Gesddurninnlumiesldded  vosiuds > wewg ~luthun >
ngvaUding > e > weng > 39 mudidu wagUTina TAC imululurngd > wilumieu wa
AINNINAABUAIBADR t-test WU wadWSAAesiTilFnmadia ATy (Fi-laccase biosensor)
Liumnsnsegnadifodfyfunadnitinmeinldanmeiammnsgiu ( Folin-Ciocalteau method)
SEFUAUEDIT 95% ( topereq = 1.8061, W10 tea = 2.3060)

4.8.2 Usinauansinueyyadaszlnesauludlegnsasaiaanivdnudiuuasen

thszuu Inleduantuesunada Ansiain domain woumeslsum fdauanng
lulewusigesiianniu (F-laccase biosenson) lul#lunsnwuSunmmsiueuyedasslnsu
(TAQ) Tuiegrsansainnndnuasivayulnsing 13 wia (nszmsn, fwmesanglas, 39, wveng,
noswuts, dnwe, mﬁu, UBsELIR, HNN1ATY, Tusgay, nednsig, Tuthun way uviah) wavensuiu
3 4ilp (¥uzd, wlundeu uay ¥1087) KANITNAABILANIRIINTIST 4.3

M19199 4.4 ANNENsaRUeUYadasYlAgTIM (Total antioxidant capacity; TAC) As3aiameiailn
Py X . Y | v a4 A v cs' A '
ANUITU (FI-laccase biosensor) Tufiag19ansanaisiuinu way 917 (Aiuanausay
shagraduaaisainnisin 3 97)

%amﬁzy Fonwdange TAC* (mg/s)
ATLLNTN Basil 114.62 + 1.86
Wwzaielas Kirayat 102.58 + 0.91
NI White crane flower 50.95 + 1.79
VENG Wildbetal Leafbush 39.58 + 0.71
Tutaun Asiatic pennywort 39.08 + 1.79
neMaNIg Cabbage 37.78 + 2.12
NNWIE Limnocharis flava Buch. 27.55 + 0.21
iU Turmeric 22.16 + 1.42
UBIYLIN Heart-leaved moonseed 15.13 + 0.62
HNNIAEY Cruciferae 7.61 + 0.49
U Ginger 7.12 +0.38
UL Antidesma ghaesembilla Gaertn 6.11 = 0.51
Tungay Bael leaves 4.39 + 0.06
LRt ER Jasmine tea 51.53 + 1.18
Y luniou Mulberry Tree tea 20.39 + 0.56
YUTE Green tea 24.63 + 1.44

* X +S.D. (n= 3)
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NNHaNIMARes leUssuvUTusmvesansiuoyyadasslag seuulnaduian
Fuorunata fvmutulunsiaUinuasiuoyyadassanasataiivasulng Tudn -fefiud
$1uu 13 vieiifenslnaludminguasvsnd uaz vfadmieg $1uau 3 fedis wuiien
Usinaansiueyyadassivuludnuas fivasulnsfivindny asnsouisdinuagivayulnsoonaiu
UBinumumesasiuayyadasy (TAC, me/e) fnuidu 3 Ussundsdl

1) YSunauansiueuyadaseas oA nseins (114.62) uwag fhvganglas (102.58)

2) USnauensiueyyadaszuiunandldun nesiuds (50.95), veng (39.58), Tuthun
(39.08), nzvanalag (37.78) uag fnwne (27.55)

3) Uinmansdueuyadaseen liun  wfiu (22.16), vassiiin (15.13) , dnnnda
(7.61), B3 (7.12), uziai (6.11), uarluuzgu (4.39)

U'%mmiammmiéfma%aﬁaszﬁwﬂuﬁﬂLLasaagu”LWiﬂga 13 wiadlefiunnsineiy
fausifsadntesauiaiszananfiou 20 whluegiusiavesits sadndlinsziainmmanedudn
wazdiasulngia 13 slnaunsolfidudeyafiuguielflumsideniulssmuinuazasyulng, viand
TmngauiuaLaeInTg
AUy FwvesasiueuLadasy uw 3 e nudvuEaiUsinuTmves
asiueyyadaTzgaiian (51.53) s09aanAe ¥UdeT (24.63) wazailumioy (20.39) muady
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unil 5
dyUNanITAaY

mui%’aﬁ%ﬁwmiwﬁf‘;Lﬂi’]gﬁﬁiwaL%’;ﬁm%‘umﬂ%ummié’ma%aﬁai 1y sEUUlnaduan

Tuovunada fnsata fmeoweda wommeslawm $dalwih lulowwwesfivaundy  Tunisian
luleiwuesiifianwliuaziinudumziaizasdmiunsnnainmsiueyyadase nglunmsnuis
ssdUsznoufvnzalululamugefagldmadalendnhaunuumilunmsAnuujizesdnduves
caffeic acid wamsnaaamU TalwihnanadasveuiidulsdeYanidessnauansuauunlufingiid
vjordlly (CNT-NH,) Indaunlumiiiiia (AuNps) oulesluaniag (Lac) Auansazanelududsudayiiu
(BSA) waransazansngn¥adiles (Glu) (GC/CNT-NH,/AUNPs/Lac+BSA/GlU) iudalviihfivmngay wa
nsnaaesanlenanliaunslunsy wandiifuitausofeidnduresansiueyyadase  fiaulatia 4
%¥im (caffeic acid, catechin, gaLUc acid waz chlorogenic acid) iﬂﬂ/lﬂﬂs'flﬂ/\lﬁﬂm "]S[,usm 0.05 m -0.05
v msianszualugiedngs il fawfifofvesnyinde faninlige Wesnndyauvosnssuaiiuio
#1 wazdmnuunnzinzasgs lesananssunusswiaing qiﬂwammmwmmﬂ&m
nemsvmaamUhrnmsmnsalunsdausislih Ao CNT-NH, ALt

a

3 fladnsudedianans AuNPs Usunng 10 lulasans asazanenanszning Lac mNudadu 5 daansuse
10803 uazanTazany BSA ANULTNTU 1 % 8nT1du 20:1 (USuessouTunng) wazansazaiy Glu A
i 1% f pH vesansavane citrate buffer Audud 0.1 M funzaulunisinde Mo 5.5

Inszuuinseilaetnisasmefauvukemneslsuvindlulewume sy
Tuszuviiaseyt naduanduorunada tisldlumsiinsesiviinaansiueyyadass seuuiingesin
WaunTuiinuetiosn Tnedyaaildanmsin  caffeic acid Arwdudu 10 ppm YSuas 20 pL
(f1u7u 20 1) Wid1 % RS.D. wiriu 3.09 asiueyyadaseynvia (caffeic acid, catechin, gallic
acid wag chlorogenic acid) Mhumaaeulinswanasguuvuidudusss  Iaddelunmsasiatney
syfuMBeiiigy  ansadmszeishednald samdais 29 fhedrsiedalu etmedeildwaunty
(Filaccase biosensor) umaaeufiushegnsensarinaniis-fhiudhusiuou 7 9in wazandiuwau 2 via
wuhuadwsinTeivesr TAC nmadiafinanntulvinadnsiaenndosiu 3538umsguuuy Folin-
Ciocalteau fiszaunnuidasiu 95% ( topserveq = 1.8061, e teritical = 2.3060) dlonnaeudeadn t-test
Piwmutuiaudnvasituaramnnilulssgndlflunmsasaiavsinumsiueyyadasslusegs
-t lngld

mﬂmamimamLﬁaﬂsvLiumﬂ%mmsamaqmiéfmauuaﬁaﬂma 5WUUIWa§uLaﬂ%'uavm§

a

aziawwmmmﬂumsamﬂﬁmmmimuaumaaaiumﬂmiaﬂmwsuauulm Tudn-fitudusuau 13 sied
Jouslnaluiminguasesnil wag w1finedvnine S 3 Meds wudanUiinm asiusyya
daszinuluinuagiivayulnsiivhinAng  awnsoulsinuasfivalvsoonmuUiinausaeansiy
ouyadase (TAC, mg/g) fmuidy 3 UssLangadl

1) YSuaensinueyyadaTyad laun nssms) (114.62) uag Wweaelas (102.58)
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2) USnauensiueyyadasziiunandldun nesiuds (50.95), veng (39.58), Tuthun (39.08),
nevaain (37.78) uay iy (27.55)

3) U‘%mmmiﬁma%aﬁaizﬁﬂ Tdun  wiiu (22.16), vasuiin (15.13), finneena (7.61), T
(7.12), uzisd (6.11), uazluuzay (4.39)

Uhinumuvesasiusyyadassiinuluinuavagulnats 13 adadifuandistudaueifios
Bnllopaufeszinaufou 20 whiuegdusiavesiis  wadndlinnesiainnismaseduinuasiiy
aslngvia 1 3 simaunsalfifudoyanugudelflunndensuussmudnuazasyulns, el
WgaNiuANaRINTg  ddulssnna anvesansinuenyadasy luy 3 degne nuwueaiivsunn
TvIENIFUeYYABaTEgaTian (51.53) SedanAe v e (24.63) wazilumiou (20.39) amad
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Abstract

A flow injection system based on amperometric detection of antioxidant compounds at glassy
carbon modified with carbon nanotube (GC/CNT) electrode was developed as a new method for
evaluation of total antioxidant capacity (TAC) in Thai indigenous plants. The electrooxidation of
caffeic acid at GC/CNT electrodes and GC electrodes was investigated by use of cyclic
voltammetry. Oxidation peak potential of caffeic acid obtained from GC/CNT is less positive than
that obtained from GC electrode. The GC/CNT also provides approximately ten times better
sensitivity than GC. The enhancement in peak current and the lowering of overpotential are clear
evidences of catalytic effect of CNT toward the caffeic redox reaction. Hydrodynamic
voltammetry was performed to find an optimum oxidation potential for 7 antioxidant standards
(caffeic acid, trolox, gallic acid, catechin, ascorbic acid, quercetin and rutin). The optimum
oxidation potential at 0.40 V versus Ag/AgCl reference electrode was obtained for all tested
antioxidant standards. The developed system (FIA-GC/CNT) exhibits a wide linear dynamic range
and a detection limit in ppm level. The system provides an impressively good precision (%RSD =
4.3) for injections (n = 20). Throughput of sample is 36 samples h™'. The reliability of this method
was tested by comparing TAC values obtained from this method with standard DPPH method. The
results showed good agreement between these two methods. The developed method was rapid,
possible for automation and convenient for TAC assay in Thai indigenous plants.

Keywords: Antioxidants, Flow injection analysis, Amperometric detection, Carbon nanotube.
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naadaisueuRnaulsalea1s venu Tuiig
(GC/ONT) oy 1Flumsyszduanumu-
¥ a w & v da
samueyyadase Tavsauludaiudwhiion
a w - - " A
u3 InalunmanzfuseniRoamilenoudis e
J [l
HhudeyafiugmlunsinymaedmInnnms #
musolfidudsz Tewilunmisdumsiden
- 3 = é g 5
v3 Inaemis uazlymatiafiwauivuluns
> & o ' EY a
asviamiriiluundsvesmsdueyyadasy
et a
Alusssuna
d e - e
2. gUnsal naz3EmsIve
2.1 gunsal
& & o
insealouazeUnsafiinldlunis
¥
asrvdama el luaidsilszneudae

winaTmmusTomian Autolab ju PG 12 (USsm
Methrohm, Switzerland) 5301 3 92 IW#h Ao
¥l wham (working electrode) ¥ilanatad-
miveu (noadusugudnns 3 mm), ¥21éh
$udidanes-Faneianelsd (AgagC) ua
T2 rH%e (Auxiliary electrode) FHARIA
unamiy (Pt) (USYN CH Instruments, USA.)

2.2 msndl
Asueuu Tuiog  (CNT) (multi-wall
carbon nanotubes, U3 f:m% 95%) (NanoLab, USA.)
1159y Y0da3E DPPH (AR grade UTNM Sigma)
dumsdueyyadaszunsg 1Aun ascorbic
acid, caffeic acid 1lOY catechin (AR grade 910
UTYN J.T.Baker), quercetin, gallic acid trolox (AR
grade UTYM ACROS) a¥ rutin (HPLC grade
U3UM Fluka) A71aga10 ennea uaziumuea
(99.9% W3¥M Carlo Erba)

2.3 3Ems39
2.3.1 manioudaiih
sewiva Iihinaradafuenlidn
ws i ifhaiiada q v fiumh
anumzea Tastaimiveasa Infidaons

o 3 o

szginumdnnatn Tavldmiezgiuivuia
10, 03 U2 0.05 pm AWARY MUl
zomAatningu 11y sonicate Tinfuthinar 2
wiit udathlduds
2 GoenT
misazatwafueuuilufiadaiiy
0 3 mg. mL” wSouTaswan9nIives .

Wang [13]TAeFsnuenun Tudfing 3.0 me dlu

aviing law nusTnomass wmimesvguaniysil

izummsﬂ:u'lum?u13Lﬁummmmmﬁ1uaquﬁ5asz'1
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= : - 4
14 - maiinasavdanwmisodueyyodass Taosauuvy Imidaemaiinme? T3 huszyuiinis Tnaiiva Infh

L vauna s mb  Yidamisazaislawia

WosuminedifSinas 1.00 mL aasluvan iy
sonicate #81AT94 ultrasonic sonicator 1H117A1 3
Falua

noamsazatvnriveuni Tuiadanu
Wty 3 memL” vyt Iihnaadandueu 20
uLia 1 ks fqungivesns 18492 I
HIfhnmadafveuiisaudsdrearfvenn
Tudind (Ge/eNT)

2.3.2 muneuiiedn

Fofutui 19 luanitona 4 ¥ialdun
YRANTIY YINY aTIMIAULAHD vy Vi 4
siimndrniudaneanfids sufiqungd 40°c
w48 42 Tue o Idhmninfiaed i luande
Tl IEsenatsfithuiameniy

msafiamsAIueyYadasTINmsAIed
W n3ives S. Silva [14] TasFaregauda
wi¥n 2.5 +0.0001 g afmemdmilad (pigment)
uaz v (wax) faoenudIinag 25.00 mL (a9
3 8%y hdedufimdeninnisadamaiadae
80% wnuen U3uas 25.00 mL uag 2% Na,S,0,
Y31795 5.00 mL (@@ 3 A3a) Yhsuveunard
araldns iy vimfunsesi N ssvIR
0.45 pm Aufed1 lun sl daning
gamgiidszum 7°C

232 msasiannuminsediveyya
daszlaaniudemaiiaueume slsamIluszuy
fiinsimaiidn Wfhnaadm fueuiidaudsds
miveunlufiag (FIA - GC/ONT)

szuyTrladuasuiianuiite 19

msdsuliuanuaunsadeyyadass laesou

-y

(FIA - GC/CNT) waassaglil 11)szneudas
gunsidng sl Tu, misazatedam (evia
Ties pH 7 avududu 01 M lu 40% 18
N1UBQ), injection valve UAZAIATIVIAUVVUBY
med st hnaeSmdvenfisaus

fomfueuu Tuid (GC/ONT)

1.5 in’
5 ol e e

-4 detectar
[ WE: GCONT
fam

RE: Ag/agCl

0.1 M phosphate bufTer pH
AE: Stainless steel
74 containing 40% ethanol

U9 1 uwunmuaasszuy Iaduivasuezud
Fanlansvianvuusumed Inuni i Wi
GC/CNT

233 msaneiannuannsafiveyya
daszlansiudieds DrPH

Tnlaemsazato DPPH Ay 6 x 10°
M 151195 2.90 mL 1alu cuvette @ANIUNIUEA
W51195 010 mL 1 cuverte Ay ludidla 1
1 luadnasminisganiuuad 515 am
(Aeyop) #1ansinasgulavianing
AANAUUTIVBITITAZAWNIATFIU trolox AIIY
iudua 9 (10, 20, 80, 120, 1O 150 ppm) 1Av
1¥m15aza1onnsgIn molox  UNMIUMIUDA
(A, ) AUIUNIA % DPPH Scavenging Activity
Taoldauns® 1 adransnnsguTaoniden
$EMIANTUTUYDS trolox  AUAT % DPPH

Scavenging Activity

avint lag nusInenman? wmiIneduguariveil

suuiansitumsussfiuanumunsosusyyadase
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(g mardeiuasnse, NsesInemaad v, guad sty U# 1 unsny-uany 2554) 10-20 15

%DPPH Scavenging Activity = [l —(—A-—"i—)] x100 (1)
Acy,on

Farmsganfuudavesnisadedn Ineldos
afannfivuazayu Insdredaumumumuea
f1HIuNIA1 % DPPH Scavenging Activity g
Phnwswmsaveyyadasyluglved mg of

trolox g of sample [15]

3. HaN5 I8

3.1 lwndnlraunumninda ¥h ce uas
GC/CNT

msAny lsadn haunuTuunsuveanis
fueyyadasy  caffeic  acid 9zAnINIG
Ardisoiva Ilthnmadmiven (Go) uaz
A lhnaadafveuiidaulsdemsazane
msveumn Tudfing (GC/ONT) wamsnaaITA
Fagidi 2

sngUwuiuileld Go duda e
UidsoeenFiaduves  caffeic  acid iAad
dndWiinlszane 023 v HsnssuaiiveaueTu
@n (1) iy 1.57 gA usiile 194 Go/onT i
Aol neendnsumanidnd Tiih
Uszanm 019 V uag I, TAwNY 1520 pA
iiefinsanfisdndesndadunazanssuai
goauaTudn wudiwa i GooNT 931N
Fnd i ddnivesa Wi cc  wazld
Anszunfioeaus TuRnfiganii Ii# ac
urasindeiiarfveuur Tufid e aula
mwizddelAu R ganani i 147 wda
wlst Iifhnare@miven arfueuutTufiaod

LuAAITUTAYBA electro-catalytic activity ¥ 1%

‘ J ar - - ey
¥ I 1R sanesdaudscnsadad §azer
a  w o 'l o [
senFaTunmAndiidine  meandeanunans
3
NAABIUBY A. B. Moghaddam [16] Fafnm1
aaa a o g o %
U§nineendiaduve caffeic acid N2
° a 2 a v €
11974 ¥iiA graphite  S35UANTOUAY V2T
mfuouu Tuin (single wall) AAUAUHING]
e (CNT:graphite) tagnyuandueuur Tuiiag
° ¥ = o
MIFT A 1Rvansdaudsauise
a aaa = R L - I 37
nal§asveendiaduiisidndiidiag uas1d

J H é 1 o
ANTTUANGIVUIFUAY

GC

L

GCICNT

Current (pA)

-2 DO 02 04 06 08

Potential (V, vs Ag/AgCl)
it 2 lendnTrounuTunnsuve caffeic
acid AT 40 ppm A2 GC uag
ﬁ GC/CNT (1duily) uaz background current
(leemativied pH 7.0 78 KCl aruduty
0.03 M uaziemusn 40%) (dulse) sasuia
Tunseunu 0.01 vs"

aving lno noiz Ingmani uniinerdoquasive il

sruvdienailumausadiumuansosueyyadasz
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- v = . - = < o
16 mnilnasavianwmisodoyyadass Taos vy Insidaooniinoe’ Tsum3 luszuyiinmg Tnaiida i

12 4
d 8
EXE
¥
E 4
=
Q 2
0 . —_ -
10 20 30 40
1 Volume of CNT (pL)

= o w J *
51 3 AntududuEsEnIeAInsTuaIIn
UfisoreenFiasuued caffeic acid AU

Wuasveaaiveusn Tun a1 lunisda

st

dmiuaniteiins 1¥arfueuun Tudiag
¥iiA mult-wall  1dauds 2 I 19146
nszun Infhilvenue Tufinfigania Inih Gc
Uszum 10 M

32 mavesSmamivomnlufiad iy

v
msdaudstainih

TumsAnumlSasvesaisueuulu

[l ¥
Anfimuzaulumsaandsa i sxaiou

¥
@

12 1#h Geent Tasldmsazatsvenisvey
uTuiiad 3 mgmL") Y3uimsAang  waves
Bmnamiveuun Tuinidensasinial§ism
pONTIASUVDS caffeic  acid  urAIRagld 3
snssuneendimdulugiuanadonnid nih
fussouain 3 21 dauuaummAmandey
(error bar) uﬁmfi"uﬁuamummgm (8.D.) 1N
m3da

MnnamInaass e nasvesn ueu
wilufiafifuduein 10-30 pL Anszuaild

4 X ' &
wuvueiatiu1dea Fuilusaunnautiaves

-

mduouu TuiinfSadhims AT RuRgaunss
ammsalumnhhifh18e defivsumues
mfuouuTufinfundus o lfonseda
Anszuai gy udidedimiSinasves
miveuw hufiangads 40 UL snszuad 183
aai FaduraninainiInih 18vesmiueun
Tufind vidsnszuady (background; B) 7
wm‘lwaﬁu dygs (Signal; S) MINAINTSUN
p8NTIATUVE caffeic acid 1HBAUAILAINTIUT
i (s/B) Fafisdiuainlivmin fafusaden
Wesmiveuu Tufinfdi 30 pr Fudad
minzaudmiviflunssaudsta i

33 wavesdasudalumisaunu (Scan rate
dependence study)-

Tufnuimsiiad§aTerfiaantives

¥
¥ 1y ezAnyinaveadasuia luns

300
iz /
Q il E: 012 Vi
ormereeree— 8 413 vis

2 100 b 0.06 Vis
- 004 Vis
3 :
@ =
E oo
=5
O oo

-200 - —_—

0402 00 02 04 06 08 10 12
Potential (V vs. Ag/AgCl)

U7 4 lyadn Traunu Tuunsuyea caffeic acid
ANUITUTY 40 ppm Mems S lumsaunum
197 (0.02, 0.04, 0.06, 0.08, 0.10 1Az 0.12 V.s™)

= ol o L4 v
nnunsmduns A duRUEIEnIa
fnszuaiveauaTuandudiauaiznues
sasdr lumsauny

auing lng augInomani unidnosuquasiysiil

wuiensilumsvssiumnumnsofueyyadasy
o

.
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i - - - o
g i aae, NsmTInemaas u. qua+ sty U9 | unsnu-Suniny 2554) 10-20

tunuas lyadnTaaunu Inunsuvea caffeic acid
HaMsMARBALITAIRI3UT 4

ynHamsnaane nuduie 98ns 1S Tuns
Aunuiigedu snszued 18iagati Taoiderh
fnszunfiveans Tuanuinasatusiauadyn
yoasas U lumsaunu (Fanmunmsn)

wud1&nsffianuduiusuuudy
unss (¢ =0.997) uasinl§asorfinaiugn
ATUAUINNTZUIUMSUNG (diffusion control
process) ua liifamsgasdufinami Wil
91 GC/ONT  uaaai s I wamadud
quayiana aunsadunldlunishingszd
Pnumsdmeyyasasz 18

34 mansAnnmnd i fimsnzaly
mslmnevidiomaiiauemnesTaum3

msdueyyadaszumsguiauled 7
%A AD caffeic acid, ascorbic acid, catechin, gallic
acid, quercetin, trolox LA% rutin L'f}mil'lﬂlﬂuﬂ'l'i
Fmeyyadaszaan Inafny ludvea Tns [,
17, 18] lumsAnwuitemdnd I fimnganly
MsimnsilSuamsaiveyyadaszesly
matialalas laudin Thaunumuns Tasiams
fueyyadaszanududy 30 ppm lumsazaiy
vemulalivled pH 7 Aileniuea 40% Tuszuy
FIA-GC/ONT ity gU# 1) uazileu
dndlnihlusafnd Ivtfhdaus 0.01 - 0.50 v Tau
mswdunasdndifinieas 005 v nans
nanouEAIRa Uz 5

wyhmsdueyyadaseiainisaiia
sondiasuiina I goent  1RieTanld

find 1hyszanm 0.2 v A trolox 1AE ascorbic

17
600 |~
g Ascortic scid

500 ] =Calteic ack
~~ | =d=Caivchin
§ 4.00 E =Gl acd
S e
= 100 |
A

0.00 |- e

0 01 02 03 04 05 06
Potential (V vs. Ag/AgCl)

71 5 nsnlarmduiussznamdnd lWih
nldnumanugavesfinainszuaue Tudni
Tannnsda diefaaisuiasgiuaIsaiu

oyyadrszasluszuY FIA-GC/ONT (31 1)

acid AIUMISAMBYYABTSY quercetin, catechin,
caffeic acid UA¥ gallic aciddoal¥ind Wi
Uszanm 0.3 v Swzial i veendindu uas
mtin - Aealddndiigafiqgade 04 v Faee
alfatereendiadu dufudndiviiag
mngayiigadmivasIinsedmsameyya
Sasem 7oiiafaula Ao 04 v ideanin
fndInfhiiding 0.40 Taad msdmouyadase
vy rutin imuisainad §ase

panFasuI lensotamnsuald

35 ﬂwﬁ’nsmz (Analytical features) U84
2Tz FIA-GC/ONT fannin
dszAnsnmnisdinsiedAvszuy FIA-
GC/CNT Fistanindu umaadams1aft 1 wuly
stuu Idiannty msdueyyadeass ascorbic
acid, caffeic acid, catechin, gallic acid, quercetin
nazrutin Myamsasuausuuuduasalui

2.5 - 60 ppm @3U trolox 8g1u¥33 5~ 150 ppm

A
auans lng nueInemans uningsoguas 1y

suvimnsilumaussdiuamuasnsafueyyadasz
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y ¥
18 mnilaaraeianswewsedmeyyasass Tnevamuvy Inidasmniinome? Tsum3 luszuunini Tnand i

aunsiduasvesnswhnasgudie ¢ Sl
aud1lnd 10,9838 -0.9998) fedweniy’ld
azfidasinamgaluntslinseiveadisdy
eyyadaseluseAy ppm (0.11-1.08 ppm)
snszuai I8y Inns Sasiauiiios (precision) @
wnAe e %RSD iy 4.3 (Faya1wue trolox
AT 5 ppm, n = 20) HazAINIOIATIEH
1% 36 Arvtaned Tug

3.6 MIIATEN TAC Meszuuimnzy
FIA-GC/ONT Tusfaethaityituiing

anumnsadeyyadass lavsunde
TAC Tumsasanndeiutuzseandumnioe
trolox equivalent (mg trolox.g sample) §1J17; 6
watna3ina TAC # 189 1nn1s Tims e drumaiia
FIA-GC/CNT tag 7341933 DPPH

viawamsnaaesaluzi 6 nududiefisisan
Fduveaiina TAC fnvulumsasadniy
4 wila 7 189 nmaiinSins 1w Ananndy (FIA-
GC/CNT) 1inwin lihisofie fnTvy veng ven

ULTT HASALIAIAY HAZHAMI NASIZHA 189075

OFIA-GC/CNT
ZDPPH-method

103.70

61.82

Trolex equivalent (mg Trolox.g™ sample)

ouafu eaizis e #inlun

U7 6 WS suifeuwanishinsizdi 1dvinms
§ e i X
NAARINITBIIT matiah IANRU WY (FIA-

GC/CNT) numaiinunigd (DPPH method)

-

wnsg™ DPPH mdmfSunm TAC udnfiuty
Beadrwunnunliilee 18wl Ae iy ven
3T ¥ENY UAZTIZIAIAY AWAIAY
T2l dSuia TaC  Fimuluimaila
A3y DPPH 9zfifSinaganinSuaiing
&romaiiafivanty enduluseayzng 3
Ui TAC  finuvinmadinDPPH  afle1e
loannlusearsngiBumasdeyyadase
ﬁﬁqﬂéﬂTﬂﬂﬁ‘lmﬁ (electroactive species) «fl"ﬁ)
Fovrudnuhusiasy afhumaney
dieve TAC mnaaeadTumFeuiion
Uy Hans iR A uInves TAC (mg
of trolox.g”' of sample)‘lum'sﬁﬁﬂﬁm‘fuﬁw'hi
upnarsegnitoddyissiuanudeity 9s%
lonATBURI r-test [19] (tupmerved = 130, Lt
=3.18) Anfumasiansiins e TAC Fusvun
FIA-GC/CNT fiwau1duaiu1snldlunis
dsziiumanuaansadueyyadasy lassau
Tudedafiyiuthn1da uaziveanoding ey
rammsunuuda Tudd uazldnarlums
Sinsngunimaiinuaig DPPH
wennniin1siselundadi danud dnTuy
gmguazgeauzseiinuaunsalunmsdu
oyyadmssiiqe Feaeandeatuauitoves p.
[18]
(Momordica charantia Linn) T1fSmamisyss-

Maisuthisakul Fas10audwenussz
neuAueyyadaszyiialusanuazar Tuosd
fige nazdnitutu Inewaresiiafidsarhanie
vu Tanuaunsodeyyadass Idifluediad
Taadnnynifinaiueinuazdailueed
Taes wgauny

avins la auzneman’ umInordoquasiveil

'muu"uns-nr,vﬂun'vsﬂisLﬁuﬂ'numu-ﬁnﬁ’waqga%ﬁ‘sz'l
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1maild B eiuns sy, NsmsInemans u. quad svudmy TR 1 @nsnu-suatey 2554 10-20 19

|

H - o = ‘
v e 1 UseEnBamszun FIA- GO/ONT TumsSinswimsazawansdmeyyadassuiasgium

7 ¥ia
Antioxidants | Linearity |  Calibration | Correlation |  Limitof
S i _range § i equauon l coemtien_g.' e detactmn o

b e e T ) ooy
ascorbicacid | 2.5-60 |[y=0.1317x+0.1162 0.9991 1.08
g e 25-60 |y=0.1782x +0.5254 0.9898 0.11

catechin 25-60 |y=0.1650x + 0.0807 0.9998 0.41
gallic acid 35-60 |y=0.1463x +0.4018 0.9979 0.15
quercetin | 2.5-060 |y=0.1911x-0.2448 0.9838 0.46
rutin 25-60 [y=0.1518x+0.1702 0.9970 0.39
trolox 5-150 | y=0.1554x +0.1162 0.9998 0.20

4. aplwamside YszAnsamveeszuuiinaniulumsSinned

a3tei Idwanmaiindinszueumed
TsiumSuvulnadife 19 lunisds il
awmnsafmeyyadass Tavsau (Total Anti-
oxidant Capacity; TAC) Han13NAaBIIN l¥Adn
Toauny Tuunsuvessiueyyadasy caffeic
acid Wy ¥ GO/ONT Taam Thfiganiiu
Nl Ge sssum 10 o dumedia
et 19ithins e Sanuuneumed Tsuid s
TuszyuTaduaduezu1dsd (FIA-GC/CNT)
nanInaaoanuumaiiait idwanniuhinsm
wasgufidhudunsalugaefindalumsdn
oyyadasyithumaney Tasiidatdadmigaly

- o o - o
MIAATIEHIUSLAY ppm  INNITUATIZH

g o = @
TAC lufigiud s 4 wiia (Fnlvy veng
YOANZTY UAZATIAIAY)  WUTINANITNARSA
aeandeanumalinuIaiguds DPPH maila
3 P J 1
FIA-GC/CNT fintmuvwiiuisfsonia mis
=3 4 @ ) w
Fnsziilunuuda il azanuazmingauiy
msinsEianuaunse lumsameyyadasy
z
Tufsiutu
a s
naanssulszma

UYBVBUAUNUYANYUNITIY I sz
uruAY Yszinl 2552 umInordeguasiysii
wazgudanuiudadiuudanssumiunl

(PERCH-CIC) dmsuduyumivayumsivy

dvint lng nmedneman’ vminedyquaniysil

ssuviensilumsUssdummnsafueyyadase
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ARTICLE INFO ABSTRACT

Article history: An amperometric flow injection (FI) method suitable for evaluation of ‘total antioxidant capacity’ (TAC)
Received 20 March 2012 is presented. In this method, a carrier stream of a solution of 2,2-diphenyl-1-picrylhydrazyl radical

Rﬁ:i"efizig ';"‘“d form (DPPH®) continuously flows through an electrochemical cell, furnished with a carbon nanotube
12 April 201

. modified-glassy carbon electrode (CNT/GC) as the working electrode. At the applied voltage of 0.05V
x:iﬂt:g :):I?r?e";(:?{.?\] 2‘_“ 2012 (vs. Ag/AgCl), DPPH" is reduced resulting in a constant electric current. For measurement of the TAC, a
Avanabe N R s — — sample zone containing antioxidant(s) is injected into the carrier stream therein reduction reaction of
Keywords: DPPH* occurring within the sample zone. The decreased amount of the radical in the sample zone leads
Carbon nanotube to a drop of the amperometric signal at the CNT/GC electrode. We have also compared the performance
TDP::: siiitant ciaE of the CNT/GC electrode to the unmodified GC electrode using cyclic voltammetry. The sensitivity of the
A‘:n p::;‘mzﬁ-ic detf:a c':‘.aonw CNT/GC electrode was more than twenty five times greater than the bare GC electrode. The study of the
Flow injection analysis sweep rate dependence showed that the cathodic and anodic current of 0.1 mM DPPH solution varied

linearly (r*=0.998) with the square root of the scan rate, from 0.02 to 0.12 Vs~'. These results
demonstrated that the CNT/GC electrode is appropriate for the quantitation of antioxidants via
amperometric detection of the residual concentration of non-reacted DPPH®. We obtained linear
calibrations for all the antioxidants tested including gallic acid, catechin, quercetin, caffeic acid and
Trolox. The system offers rapid sample throughput (45 samples h~') and good precision of 3.2% RS.D.,
for 20 pL-injection of 2.5 pM Trolox (n=230). This method was applied to evaluate the TAC of extracts
of some Thai indigenous vegetables.

© 2012 Elsevier B.V. All rights reserved,

1. Introduction have also been shown to scavenge ROS, that can damage lipid and

protein [3]. Thus, it is believed that consumption of food contain-

The protective effect against ‘oxidative stress’ [1,2] by dietary ing antioxidants can reduce the oxidative stress condition in our
intake of antioxidant compounds, either as food additives or as body as well as delay aging [4,5].

pharmaceutical supplements, has been widely recognized [2,3]. There has been an increasing number of assessments of ‘total
Antioxidant compounds from natural sources like phenolic acids, antioxidant capacity’ (TAC) in medicinal plants and biological fluids. A
polyphenols and flavonoids can scavenge free radicals and reac- variety of assays have been developed, including colorimetric [6-9],

tive oxygen species (ROS) such as H,0, and 0®~* that are present fluorimetric [10,11], and chemiluminescence [12-15] methods.
in biological fluids, and thereby inhibit the ‘oxidative stress' [2]. Colorimetric method is based on reaction between a chromogenic
Primary sources of naturally occurring antioxidants are whole radical and the antioxidant. These, chromogenic compounds include
grains, fruits and vegetables. Antioxidants from fruits and vege- 2.2'-azino-bis-(3-ethylbenzothiazoline)-6-sulfonic  acid (ABTS®*)
tables, such as vitamin C, vitamin E, carotenes, and phenolic acids [16.17) and 2.2-diphenyl-1-picrylhydrazyl (DPPH®) [18,19], which
react directly and rapidly with most antioxidant compounds.
DPPH" free radical reacts with an antioxidant (AH) or a radical
Tﬁn‘e;mding author at: Department of Chemistry and Center of Excellence for species (R") according to reactions (1) and (2).
Innovation in Chemistry, Faculty of Science, Ubon Ratchathani University, Ubon

- .
Ratchathani 34190, Thailand. TeL: +66 45 353 400x4576; fax: +656 45 288 379, DPPH"+-A~H~DPPH-H+A (1)
E-mail addresses: scmaliam®@ubu.ac.th,
amaliwan@gmail.com (M. Amatatongchai). DPPH"+R"—DPPH-R (2)
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Antioxidant can donate a hydrogen atom to DPPH® and thus
decrease the concentration of the stable free radical (DPPH®),
resulting in the color change from violet to pale yellow.
Non-reacted DPPH® can be monitored by spectrometric or elec-
trochemical method [20].

In the spectrometric method, the absorbance of DPPH® is
measured at 518 nm.This method was first reported in 1958 by
Blois [18] and further modified by Brand-Williams et al. [21]. It is
the commonly accepted assay for evaluating the antioxidant
content in various types of samples including, wine [22], fruit
[23], medicinal plant extracts [24]. synthesized compounds
(25,26] and purified natural compounds [27,28]. Recently an
automatic procedure for DPPH® assay was developed based on
multi-syringe flow injection analysis (MSFIA) [29] for screening
and evaluation of antioxidant scavenging capacity. Although
these methods are simple, colorimetric detection of DPPH® is
prone to interference from color and turbidity of the samples. The
methods usually require a pretreatment of samples. Separation of
color or matrix interferences by HPLC with post-column detection
using DPPH® is one strategy for colored samples with complex
matrices [30,31].

For analysis of antioxidant in colored or complex samples,
electrochemical methods are more advantageous than spectro-
metric. Cyclic voltammetry with glassy carbon (GC) electrode has
been used for evaluation of antioxidant capacity of blood plasma,
tissue homogenates and some plant extracts [32]. Voltammetric
behavior of some antioxidants was investigated by using differ-
ential pulse voltammetry on GC electrode [33]. Amperometric
analysis of antioxidant on GC electrode in flow injection (FI)
format was also reported for determination of total phenolic
compounds in foods [34] and of antioxidant capacity in honey,
propolis and royal jelly [35]. An automated ABTS®* assay by
sequential injection analysis (SIA) was developed by Chan-Eam
et al. [36] using amperometric detection on GC electrode for
analysis of TAC in instant ginger infusion beverages.

Carbon nanotubes (CNT) form an increasingly important group
of nanomaterials with unique geometrical, mechanical, electronic
and chemical properties [37,38]. Such properties of CNT make
them extremely attractive for use in electrochemical detection.
Recent studies [39,40] demonstrated that CNT can impart high
electrocatalytic activity and decreased surface fouling to electro-
chemical devices. In view of these remarkable properties of the
CNT, a number of applications, employing this relatively new
material for electrochemical quantitation, have been reported.
CNT graphite-based electrode was employed and its performance
was investigated using caffeic acid as a model compound [41].
A modified GC electrode with CNT and Nafion was used to demon-
strate its selectivity towards quercetin, which has anti-inflammatory
and antioxidant properties [42]. However, in evaluation of the
total antioxidant capacity (or TAC) in food and plant extracts, the
measurement of the capacity arising from the presence of all
compounds that can inhibit the oxidative reactions is desired.
Thus, selectivity towards a single compound is therefore not
necessary. Although CNT-modified carbon electrodes have been
used for electrochemical detections of some compounds with
antioxidant activity [41,42], none of these studies are suitable for
rapid screening of TAC. In drug discovery, where there is large
number of samples for TAC screening per day, a flow technique is
more suitable.

This work describes the development of an electrochemical
method based on the use of stable radical DPPH*® as an alternative
to the spectrometric DPPH® methods, which are not suitable for
colored plant extracts. In this system, we monitored ampero-
metric signal from reduction reaction of DPPH® at a CNT modified
glassy carbon electrode, as the radical is continuously flowed
through the electrochemical flow-cell. Injection of a plug of a
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solution containing antioxidant will decrease the amount of
the DPPH" from the reaction between antioxidant and the radical.
The drop of the DPPH® signal from baseline level is related to the
amount of the reacted DPPH" in the plug. It has been demon-
strated that at the optimized voltage, the system could detect five
major antioxidant compounds such as caffeic acid, quercetin,
gallic acid, catechin and Trolox. In this work, we focused on the
analysis of some ethanol-soluble and water-soluble antioxidants
typically present in selected food and plants. The proposed
method was applied to determine TAC in extracts of various Thai
indigenous vegetables.

2. Experimental
2.1. Chemical and reagent

All chemicals used were of analytical reagent grade.
Deicnized-distilled water was employed for standard and reagent
preparations.

DPPH (2,2-diphenyl-1-picrylhydrazyl), quercetin, gallic acid
and caffeic acid were purchased from Sigma-Aldrich (St. Louis,
USA). Catechin and Trolox (6-hydroxy-2,5,7,8-tetramethylchro-
man-2-carboxylic acid) were purchased from Acros Organic (Geel,
Belgium). A stock solution (5 mM) of DPPH was prepared by
dissolving the appropriate amount in absolute ethanol (Carlo
Erba; Milan, Italy). The DPPH solution was ultra-sonicated (Crest
575HT, NJ, USA) for about 2 h and kept in the dark to minimize
decomposition by light. Ten millimolar standard selutions of
water-soluble antioxidants (Trolox and gallic acid) were prepared
using deionized-distilled water. Other antioxidants were pre-
pared in absolute ethanol. Phosphate buffer (0.03 M, pH 7.0)
containing 0.03 M KCl and absolute ethanol (60:40, v/v) was used
as the buffer electrolyte in all electrochemical measurements.

2.2. Preparation of plant extract

Thai indigenous plants were purchased from the local super-
markets in Ubon Ratchathani Province, Thailand. Six vegetables
(tummy wood, red-bead tree, rice paddy herb, metchun, smartweed
and teaw) were selected as samples for TAC assay. Botanical names
of these vegetables are Careya sphaerica Roxb. (tummy wood),
Adenanthera pavonina Linn. (red-bead tree), Limnophila aromatica
Merr. (rice paddy herb), Syzygium gratum (Wright) S.N. (metchun),
Polygonum odoratum Lour. (smartweed), and Cratoxylum formosum
Dyer (teaw).

The extraction scheme previously described by Silva et al.,
for fruits and leaves [43] was adopted. Fresh vegetable leaves were
dried in an oven at 40 °C for 48 h to constant weight, followed by
powdering in mortar. Three consecutive extractions with hexane
(3 mL x 25 mL) were performed on 2.5 g portions of plant powder
to remove both pigments and lipids. Centrifugation (ALC Centri-
fuge 4218, Milano, Italy) at 3000 rpm was carried out for 5 min
and the organic solvent discarded. A 10 mL aliquot of 2% (w/v) of
aqueous sodium metabisulphite was then added to the solid
residue (to stabilize the antioxidant), followed by 25 mL metha-
nol:water (80:20, v/v). The supernatant was separated out and the
solid further extracted two times with the methanol:water solu-
tion, The 3 methanolic fractions were pooled together before

filtering through a 025 um cellulose membrane prior to the
determination of TAC.

2.3. Preparation of the CNT-modified GC electrode

The multi-wall carbon nanotubes (ca. 95% purity) were
purchased from NanoLab Inc. (MA, USA). The CNT were further
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purified by stirring in a 2 M nitric acid solution for 20 h at room
temperature, followed by repeated washing with deionized-dis-
tilled water before drying in an oven at 120 °C. Purified CNT were
immobilized onto a polished GC electrode (CH Instrument, USA)
using dimethylformamide (DMF) as the dispersing agent. A 2 mg
portion of CNT was added to 1 mL of DMF, followed by sonication
for 3 h. A suitable volume of CNT mixture in DMF was casted on
the surface of GC electrode. The electrode was allowed to dry at
room temperature for 1 h in a fume hood. Finally, the electrode
was rinsed with deionized-distilled water before use. In this work,
cyclic voltametric study was carried out to find the optimal
volume of CNT mixture required for the casting process.

2.4. Cyclic voltammetry

An Autolab potentiostat PGSTAT 12 (Eco-chemie, Netherlands),
equipped with the GPES 4.9 software, was used for all the cyclic
voltammetric studies. The active surface area of the GC electrode
was approximately 0.07 cm?. A three-electrode system, consisting
of the working electrode (GC or CNT/GC electrode), a reference
electrode (Ag/AgCl/KCl (sat.)) and a counter electrode (platinum
wire) was employed. Measurements were carried out in the
phosphate-ethanol buffer solution as supporting-electrolyte.

2.5. Amperometric detection of DPPH* on CNT/GC electrode by flow
injection

Fig. 1 shows schematic diagram of the FI system for ampero-
metric detection of DPPH® at CNT/GC electrode. A Shimadzu
pump (model LC-10AD, Japan) was used for the liquid flow. A
Rheodyne injector (model 7725, USA), fitted with 20 uL sample
loop was used for injecting antioxidant standards and samples.
Electrochemical measurements were carried out with a Shimadzu
electrochemical flow-through detector (model L-ECD-6A, Japan).
Chromatographic software Class VP 6.0 was used for data collec-
tion and processing. The area of working electrode was 0.36 cm®.
Amperometric detection was monitored for a flow of 0.25 mM
DPPH* in the phosphate-ethanol buffer solution. This DPPH®
solution was used as the carrier stream in the Fl experiments.
Trolox was utilized as the reference antioxidant. A Change in
amperometric signal was plotted against the concentration of
Trolox to give the calibration curve.

2.6. The colorimetric method

A colorimetric method, based on measurement of the percen-
tage of scavenging activity of DPPH® as a function of the
concentration of Trolox, was employed for validation. This
method was adopted from the method of Boateng et al. [44].
Plant extract (0.1 mL) was added to 2.9 mL of methanolic solution
of DPPH" (6 x 10> M). The solution was shaken, stored in the
dark for 1 h and the absorbance was measured at 517 nm. All the
plant extracts had no absorbance at 517 nm. For control, 0.1 mL
methanol was used. The percentage DPPH* scavenging activity of

the sample was calculated using Eq. (3), where Agneal is the
absorbance of the control (DPPH® solution without test sample)
and Agedjsample 15 the absorbance after addition of standard or test
sample. a5

% DPPH" radical scavenging activity = [M I“’"”“ ] x100 (3)

Radical scavenging activity of extracts was expressed in terms of
milligrams of Trolox equivalent per gram of dry plant (mg of
Trolox g~" of sample) using the calibration curve of Trolox.

2.7. Method validation

Samples of Thai vegetable extracts were evaluated for TAC
equivalent to the Trolox radical scavenging activity using the
developed amperometric flow system in Fig. 1. Sample solutions
were diluted (5 or 10 times) before injection. The amperometric
results are compared with the results obtained from the colori-
metric method [44].

3. Results and discussion
3.1. Cyclic voltammetry of DPPH® on GC and CNT/GC electrodes

Fig. 2(a) shows the cyclic voltammograms (CVs) for DPPH®
solution, together with corresponding background from GC and
CNT/GC electrodes. The CNT/GC exhibited well defined reversible
peaks at 0.327 and 0.305 V, whereas the GC electrode exhibited
the oxidation and reduction peaks at 0.362 and at 0.310V,
respectively. The potential differences between the oxidation
and reduction peaks were 22 mV (CNT/GC) and 52 mV (GC). The
reduction peak current, after background subtracted, was 0.41 pA
for GC electrode and was 10.40 pA for CNT/GC electrode. The peak
current obtained from the CNT/GC was approximately 25 times
greater than that obtained from GC electrode. Therefore, it is
expected, that CNT/GC electrode should provide a better sensi-
tivity than bare GC electrode.

The electrochemical mechanism of DPPH® on CNT/GC elec-
trode has not been investigated. However, there have been some
reports of cyclic voltamograms of DPPH* on GC electrodes [45,46]
and on a paraffin-impregnated graphite electrode (PIGE) [47). In
these works, the authors observed the oxidation of DPPH®,
similarly to what is observed in Fig. 2(a). These authors suggested
that the anodic and cathodic peaks belong to B/B' redox couple as
shown in Scheme 1. Therefore, it is likely that the oxidation
behavior of DPPH® at CNT/GC and GC are the same as that
reported in the system of Milardovic et al. [45,46] and Zhuang
et al. [47].

Fig. 2(b) shows the cyclic voltammograms of a DPPH® solution
on CNT/GC at various scan rates. As shown in the inset of Fig. 2(b),
cathodic and anodic peak currents ((A) vary linearly with the
square root of scan rate (V'/2s~/2) within the scan range of 0.02-
0.12 Vs, Linear regression analysis gave r* value of 0.998. These

20 pL sample/standard
pump 5 i ECD waste
| pump | [o}

DPPH’ carrier 1 mL min”!
Fig. 1. Fi manifold for evaluation of TAC with amperometric detection using carbon-nanotubes modified glassy-carbon (CNT/GC) as a working electrode (WE). Optimal

cond.itions:'potential, 0.05 V (vs. Ag/AgCl); carrier, 0.25 mM DPPH in phosphate buffer solution (0.03 M, pH=7.0) containing 0.03 M KCl and 40% (v/v) ethanol; flow rate,
1 mL min-".
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Fig. 2. Cyclic voltametric results of 0.1 mM of DPPH in 0.03 M phosphate buffer
(pH 7.0) containing 0.03 KCI in 40% (v/v) ethanol showing (a) CVs obtained from
GC and CNT/GC electrodes using scan rate of 0.01 Vs~' (solid line); background
voltammograms are shown as dotted lines (b) CVs obtained at various scan rates
on CNT/GC electrode with the inset showing the linear relationship between the
reduction currents and the square root of the scan rate, slope of 683.52 pA
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Scheme 1. Mechanism of oxidation/reduction of DPPH".

results indicated that the current is limited by semifinite linear
diffusion of DPPH"® to the CNT/GC electrode.

The effect of buffer pH on reduction peak current and peak
potential was investigated for pH 5-8 using the 0.03 M phosphate
buffer containing 0.03 M KCl and 40% (v/v) ethanol as supporting
electrolyte (Fig. 3a). It was observed that the values of peak
potential shifted slightly towards less positive values when the
pH increased. Fig. 3(b) shows the linear dependency (r*=0.997)
observed in the pH range of 5-8 with a slope of —56.3 mV/pH.
This value of the slope indicates the exchange of one electron in
the electrochemical reduction of B/B’ redox couple at CNT/GC.
Fig. 3(c) shows that the maximum peak current was observed at
pH 7.0. Thus, pH 7.0 was selected as the optimum pH for
amperometric detection of DPPH®.

3.2. Optimization of the CNT loading

Optimization of the amount of CNT was first investigated using
cyclic voltammetry to find the most sensitive condition to detect
DPPH”. The experiment was carried out by casting the mixture of
CNT in DMF (2 mg mL~') with 10, 20, 30 and 40 pL, onto the bare
GC electrode. Every electrode compositions yielded linear calibra-
tion plots over the tested concentration range from 0.025 to
0.100 mM DPPH* (data not shown). The sensitivity (slope)
increased with increasing CNT loading, from 10 to 30pL
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Fig. 3. Results from cyclic voltammetry at various pHs for 0.1 mM of DPPH® in
0.03 M phosphate buffer containing 0.03 KCl and 40 % (v/v) ethanol showing
(a) CVs on CNT/GC electrode, (b) peak potential and (c) peak current for
various pH.
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Fig. 4. Examples of signal profiles of the FI system obtained for injections of
catechin and gallic acid standards. Operating potential for CNT/GC: 0.05 V (vs. Ag/
AgCl); other conditions as in Fig. 1. The inset shows the linear relationship
between the signal of antioxidant and the concentration.

However, the noise level dramatically increased at 40-pL loading
leading to the drop in sensitivity as compared to the 30-pL
loading. We therefore chose 30 pL as the optimal loading. In the
preparation of the CNT/GC electrode for use in flow injection
system, the volume of CNT mixture 155 pL added had the same
optimal volume/area ratio as employed in the cyclic voltammetric
experiment.

3.3. Analytical performance

Using the optimum potential for the CNT/GC electrode (0.05 V
vs. Ag/Ag/Cl), the flow system in Fig. 1 was employed to study the
analytical performance for gallic acid, catechin, quercetin, caffeic
acid and Trolox. We observed well-defined negative peaks from
all the antioxidants. Representative signal profiles from multiple
injections of catechin and gallic acid are shown in Fig. 4. The inset
is the linear calibration graphs of these two antioxidants.

Table 1 summarizes the analytical performance of our flow
system including the linear calibration equations of all five
antioxidants (gallic acid, catechin, quercetin, caffeic acid Trolox).
The limits of detection (3¢) are at the low uM levels. The system
provides good precision (¥ R.S.D.=3.2) for 20l injections
(n=30) of 2.5 uM Trolox. Sample throughput of this system is
45 samples h™'.
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Table 1
Analytical performance of the proposed CNT/GC-FI method investigated on five
antioxidant standards,

Antioxidant Linear Calibration parameter Precision Limit of
range (RSDY* detection®
(uM) (M)
Intercept Slope P
{nA) (nApM~")
Gallic acid 0.6-12 159 58.6 099 13 0.04
Catechin 0.3-6 9.10 859 0993 15 0.02
Quercetin 0.3-6 750 1 0995 15 0.03
Caffeic acid 0.6-12 193 760 0996 2.0 0.08
Trolox 03-8 149 80.1 0.996 1.2 0.04

* Calculated from the signal of 0.8 pM of each antioxidant standard (r=3).
® Calculated from 3¢ (n=10) of the signals from the lowest concentration of
each working range.

2

aDPPH

100 1

50 1

mg of Trolox.g™! of sample

0+
twmmy red-bead rice paddy metchun  smart teaw
wood tree herb weed
Vegetable

Fig. 5. TAC values for extracts of Thai indigenous vegetables obtained from our
method compared with the values obtained from a reference method (DPPH®
colorimetric method, [44]).

3.4. Application to Thai indigenous vegetable extracts

The proposed CNT/GC-FI method was applied to assess the
‘total antioxidant capacity’ (TAC) of six Thai vegetables/herbs
(tummy wood, red-bead tree, rice paddy herb, metchun, smart-
weed and teaw). Determination was carried out in triplicate for a
sample. The data obtained by the proposed method were com-
pared with the values obtained from DPPH® colorimetric methods
and are shown in Fig. 5. Antioxidant contents were expressed as
mg Trolox equivalent per gram of dry plant (mg of Trolox g~!
of sample). Using the paired t-test [48], the results obtained
from CNT/GC-FI are not significantly different from the results of
the spectrometric DPPH method [topserves=1.6990, where toige=
2.5706, P=0.05]. Among these Thai vegetables, tummy wood and
teaw exhibited the highest TAC values.

4. Conclusions

This work presents a method development that utilizing
amperometric detection of DPPH® to measure the ‘total antiox-
idant capacity’ or TAC of vegetable extracts. In the flow system,
the level of DPPH® monitored continuously at the amperometric
cell is reduced on injection of a plug of antioxidants. There is
a reaction between DPPH® and the antioxidant which lowers
the amount of the DPPH® in the plug leading to a decrease in
the DPPH"® signal. This decrease has a linear correlation with the
concentration of the antioxidant in the injected plug. It was found

1=uu’atﬂﬂ=ﬂun’ﬁﬂizu&umwmmiﬂﬁﬂuaquva%awﬁ

that 0,05 V (vs. Ag/AgCl) was the optimal voltage for monitoring
DPPH". Trolox was used as the reference antioxidant for calibra-
tion. The TAC value in the sample is reported as mg equivalent to
Trolox g~! sample. ~ =

The developed method is very simple since the FI system can
be constructed easily using common laboratory equipment. In
this work, a HPLC system, i.e., pump, injection valve and the
electrochemical detector was set up for the single-line FI system
(Fig. 1). In order to improve the sensitivity, carbon nanotubes was
casted onto the glassy carbon working electrode of the HPLC
electrochemical detector.

The final FI method is rapid (sample throughput of
45 samples h™') and is suitable for analysis of plant extracts,
which often are colored. The pigments can interfere with any
conventional colorimetric method for determination of TAC. Thus
an electrochemical DPPH* method is applicable to all types of
plant extracts.

Novelty statement

This work presents a new flow injection (FI) method for
measuring the so-called ‘total antioxidant capacity’ or TAC of
vegetable extracts. The method utilizes amperometric detection of
DPPH®. We employed CNT to improve the sensitivity of detection on
glassy carbon electrode. Trolox was used as the reference antiox-
idant for calibration. Unlike colorimetric methods, pigments do not
interfere our method in the TAC measurement. This electrochemical
DPPH" method is applicable to all types of plant extracts.
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the lichen after transplanted (at 95% confidence limit), where as the amounts of lecanoric acid and atranorin were not
significantly different after transplantation. el

C1_C0071: Development of biosensor bused on the matrix of carbon nanotubes—chito_;an composite for
laccase-catalyzed oxygen reduction

pmmm'* Sanoe Chairam' ,Duangjai Nacapricha’, Maliwan Amatatongchai"

“Department of Chemistry, Faculty of Science, Ubonratchathani University, Ubonratchathani, 34190,
Thailand ”

? Department of Chemistry, Faculty of Science, Mahidol University, Rama 6 Road, Bangkok, 10400,
Thailand

*e-mail: yowakom.sensti@gmail.com

Abstract: The carbon nanotubes-chitosan (CNT-CS) composite provides a suitable biosensing matrix due to
its high stability, good biocompatibility, and good conductivity. Development of a sensitive and selective
biosensor was proposed by entrapping laccase enzyme into the composite film for detection of oxygen
reduction. The nano-composite of CNT-CS could be conveniently cast on the glassy carbon (GC) electrode
surfaces. With the aid of CS and bovine serum albumin (BSA), laccase was then immobilized on the
nanostructure film to form an oxygen sensor and could apply as biocathodes in biofuel cell. Electrochemical
reduction of oxygen was studied at the developed biosensor using cyclic voltammetry (CV). The biosensor,
GC/CNT-CS/laccase/BSA, was used as a working electrode, Ag/AgCl as a reference clectrode and Pt wire
as a counter electrode, Cyclic votammograms of oxygen were measured in a 0.1 M citrate bulfer pH 5.0. The
reduction wave was observed at -0.35 V (oxygen flow rate equals to 40 mL/min in 10 mL of citrate buffer).
Stability and the possible application of the biosensor in bio-fuel will be discussed.

C1_C0072: Factorial design optimization of engenol extraction from holy basil by subcritical water
Kanittha Dararuang, Orapin Chienthavorn

Department of Chemistry, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand

*e-mail: fsciope@ku.ac.th, nuna_comingsoon(@hotmail.com

Abstract: Subcritical water extraction (SWE) of an active compound (eugenol) from the holy basil (Ocimum
Sanctum L.) was achieved. The extraction was studied at a temperature between 160-220°C and a static time
between 30-120 min by using 4°-full factorial design from Minitab software. Effects of temperature and
static time were investigated. Fresh leaves were best extracted at |80°C for 60 min and the dried leaves were
achieved at a higher temperature of 200°C at a longer time (120 min). Separation of cugenol was carried out
by using a gas chromatograph with flame jonization detector (GC-FID). Eugenol content in the aqueous
extract in the fresh leaves (4.11%) was higher than those in the dried leaves (1.70%).

C1_C0074: Medification of QuEChERS method for aflatoxins residues analysis in rice
Kunapom Sanguankaew, Natchanun Leepipatpiboon”

Chromatography and Separation Research Unit, Department of Chemistry, Faculty of Science,
Chnulalongkomn University, Bangkok 10330. Thailand

*e-mail: natchanun. l@chula.ac.th

Abstract: A new non-immunoassay based extraction method for aflatoxins Bl, B2, Gl, and G2 was
developed for aflatoxins screening in rice. The associated technigue combined modified QUEChERS method
with ltra performance liquid chromatography tandem mass spectrometry by generating pseudo malecular
ions via electrospray ionization in ES+ mode and monitoring by MRM (Multiple Reaction Monitoring)
analysis. Aflatoxins were isolated on Acquity UPLC BEH CI8 column (100 mm x 2.1 mm, 1.7 pm) with
0.5% formic acid in 5 mM ammenium formate/acetonitrile by gradient elution in 11 minutes. Modified
QuEChERS method employed acetonitrile for solvent extraction. Cleanup was done by dispersive
combination of PSA, C18, and neutral alumina. Method performance was evaluated as percent recovery
from 0.01-0.1 mg/L, acceptable linearity with all R? values better than 0.99 were observed. Percent recovery
ranged from 83 to 103 with within-day and between-day precisions at three concentration levels (low, mid,
high) showed %RSD values berter than 7.4 (n=10). Method’s limits of delection range from 0.5-1.0 pg/kg.
The proficiency testing was performed with Z-score 0.6. This method is rapid and robust, and fit to replace

expensive impont immunoaffinity columns and reagemts commonly employed in routine analyses of
aflatoxins. -

C1_C0075: Simultancous quantitative determination of total methyl ester, linoleic methyl ester and
water in palm oil biodiesel by near infrared spectroscopic analysis
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DEVELOPMENT OF A FLOW INJECTION SYSTEM WITH AMPEROMETRIC DETECTION ON
‘ LACCASE-BASED BIOSENSOR FOR ANTIOXIDANT ASSAY

Maliwan Amatatongchai*, Yuwakorn Sensri’, Duangjai Nacapricha'?

! Flow Innovation-Research for Science and Technology Laboratories (FIRST Labs)

? Department of Chemistry and Center of Excellence for Innovation in Chemistry, Faculty of Science, Ubonrarchathani
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ABSTRACT

High throughput sereening (HTS) of antioxidant assay using a simple flow injection system with amperometric detection
on laccase based-biosensor was proposed. The amperometfiic biosensor was developed based on cross-linking laccase
(Lac) by glutaraldehyde with NH,-functionalized carbon nanotubes (CNT-NH:)/gold nanoparticle (CNT-NHy/AuNPs)
composite film coated on a glassy carbon (GC) electrode. The biosensor (GC/CNT-NHy/AuNPs/Lac) was used as a
working electrode, Ag/AgCl as a reference electrode and Pt wire as a counter electrode, using amperometry at <30 mV.
The use of amperometric detection on the developed biosensor in flow-injection system for rapid and automated assay of
total antioxidant capacity (TAC) was examined. The system provides an impressively good precision (%R.S.D. = 3.09)
for 20 pL injections of 10 ppm caffeic acid (n = 20). The linear calibration curves were observed for tested antioxidants
(caffeic acid, catechin, gallic acid, chlorogenic acid and trolox). The detection limits at a low puM level were obtained.
This method can be used for evaluation of TAC content in plant extracts such as Thai indigenous herbs with rapid sample
throughput (29 samples/h).

Keywords Laccase biosensor; Flow injection analysis: Antioxidant
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