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Abstract

With the urgent need for rapid screening of Aflatoxin B1 (AFB1) due to its association with
increased liver cirrhosis and hepatocellular carcinoma cases from contaminated
agricultural foods, we propose a novel electrochemical aptasensor. This aptasensor is
based on trimetallic nanoparticles AuPt-Ru supported by reduced graphene oxide (AuPt-
Ru/RGO) modified on a low-cost and disposable goldleaf electrode (GLE puptrumrco) for
detection of AFB1. The trimetallic nanoparticle AuPt-Ru was synthesized using an
ultrasonic-driven chemical reduction method. The synthesized AuPt-Ru exhibited a
waxberry-like appearance, with AuPt core-shell structure and ruthenium dispersed over
the particles. The average particle size was 57.35 + 8.24 nm. The AuPt-Ru was integrated
into RGO sheets (inner diameter of 0.5 to 1.6 um)in order to enhance electron transfer
efficiency and increase the specific immobilizing surface area of the thiol-5’-terminated
modified aptamer (Apt) to target AFB1. With a large electrochemical surface area and low
electrochemical impedance, GLEa pirumco displays ultra-high sensitivity for AFB1
detection. Differential pulse voltammetry (DPV) measurements revealed a linear range
for AFB1 detection range from 0.3 to 30.0 pg mL™ (R? = 0.9972), with a limit of detection
(LOD, S/N = 3) and a limit of quantification (LOQ, S/N = 10) of 0.009 pg mL™" and 0.031 pg

mL!, respectively. The developed aptasensor also demonstrated excellent accuracy in



real agricultural products, including dried red chili, garlic, peanut, pepper, and Thai
jasmine rice, achieving recovery rates between 94.6 and 107.9%. The fabricated aptamer-
based GLEupirureo Performance is comparable to that of a modified commercial

electrode, which has great potential application prospects for detecting AFB1 in

agricultural products.

Keywords: Electrochemical aptasensor; Low-cost goldleaf electrode; AuPt-Ru

heterostructured nanoparticles; Reduced graphene oxide; Aflatoxin B1
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(B) CV v04 6 aduns planar-disc GLE a1ela 1 dadluasodng KsFe(CN)s Tu 0.2 fad
Tuasiedng KNO, fidns1nasauny 20 dadlhiadseiuf wasamhlhAnnsidesuidana 15
pda, (Q) SunureukesndsiiliAansidesUiiena, (D) CV w83 nanoband GLE aeild
T uvesnidudures KyFe(CN)] (Raud (2) 0.5 f (g) 5.0-fiaaluasodns) Tu 0.2 ad
Tuasedns KNO, fisnsnsauny 20 fiadlanreiudd, waz (E) CV ves GLE fivhnsdndiu
Uane: (a: adsdinds b; adefiany ¢ afeianm d: adiiduasy e adsiivh) neld 2 Sadluade
303 KolFe(@N),] Tu 0.2 fadluasiodns KNO, fignsinisauny 20 faaliasdeiud

sUN 2.33 Tunaunsasalulamuesa1nsuasiadin AFB1

e

SUT 2.34 (A) CV way (B) EIS nsmavauasmslniinadivesmsadrsluloaduweslunday

%gumau (i) PANP-BN/CF, (ii) L-Cys/PdNP-BN/CF, (iii) anti-AFB1/L-Cys/PdNP-BN/CF, and
(iv) BSA/ anti-AFB1/L-Cys/PANP-BN/CF nals 5 fiadluanadns [Fe(CN)>* Tu 0.1 Tua
fodns ansazatedviiles PBS uae 0.1 Tuasedns KCL#i pH 7.5 Sasn1saunu 20 fadlad
AROIUN

SUfi 2.35 (A) LSV curves wosiulouigas BSA/anti-AFB1/L-Cys/PANP-BN/CF #inau

u

WUt AFBL #ina Tugad 1.0 §13710.0 wilupsiideliadans uaz (B) nsaluansgiudmsuns

759970 AFB1

=1

JUN 2.36 wansdupaunisaiseunidueesmaliied

=1

SUT 237 (A) EIS wae (B) CV mismavaussmslwiindiuanstefiuluusasdunsumsuiuuss
fuRnveBiEninse neld 5 Tadluaredns KiFe(CN)J Tu 0.1 Tuadedns KCU: (a,a) bare
GCE, (b,b’) AuNPs/GCE, (c,c’) cDNA/AUNPs/GCE, (d,d’) Apt/cDNA/AUNPs/GCE, (e,e’)
AFB,/Apt/cDNA/AUNPs/GCE, (f,f) AFB; (Exo I)/Apt/cDNA/AUNPs/GCE.

sUil 2.38 (A) DPV nsmevauawsliiiinaiivesweunduwes Annududusisg ves
AFB1 (lutaa 1 x 107 §i1 200 wnlunSuseiiaddng) (B) nsmlunsgiudmiunisngivin

AFB1

ar

a9
51
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54
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56



U 2.39 dumeunsasislulodume fdmiunimmain AFB1

g‘dﬁ 2.40 (A) CV wag (B) EIS manovauasnishiihiadvasdunounisairswotniduses
dmSuA991n AFBL: (a) Bare GCE, (b) GCE/THI-rGO, (c) GCE/THI-rGO/CS, (d) GCE/THI-
rGO/CS/Fc-apt, and (e) GCE/THI-rGO/CS/Fc-apt/AFB1 (C) ACV nmsmauaussmslninadl
AOAUIINTUAI9 VDY AFBT Tuia9 0.01 §9 100 urlunsunedaddns Tu 0.1 luanodns
arsazaneUines PBS (D) nsmu1nsgIuszninemdns1diunssualn /e duatdennid
fiuALdudu AFB1

Uit 2.41 Fupoumsaiisluleduimesdmsunsnsatn AFB1

U 2.42 EIS manpuauomsiiitaiaesnsluledume fusiaetusou A: (a) Bare GCE;
(b) PABA-r-GO/GCE; (c)-Anti-PABA-r-GO/GCE; (d) BSA-Anti-PABA-r-GO/GCE; (e) AFB1-
BSA-AntiPABA-r-GO/GCE. B: (a) Au-PPABA-r-GO/GCE; (b) Anti-Au-PPABA-r-GO/G CE; (c)
BSA-Anti-Au-PPABA-r-GO/GCE; (d) AFB1-BSA-Anti-Au-PPABA--GO/GCE nelsl 10 fiadlua
Aoans [Fe(CN)3* Tu 0.1 Tuasedns KCL lurnsaiud 0.1 i 10° Hz

sUfl 2,43 (A) EIS nsnevauasmsliineiivedlulo@uives Au-PPABA--GO/GCE fionnna
TUTUs 19| v09 AFBL Tuaae 0.01 83 25 wilunsusiedadans wag (B) n3uinsgudmsy
N13n$3930 AFB1

U 4.1 (A) Msdaasgrioyniauilunesingn AuPt-Ru/RGO (B) Sunouniseonuuuias
4474 GLE way (O) dumpunisassuauaduwesluiiad GLE aupt ruvrco pHNTSASITA
AFB1 78

SUT 4.2 (A) 7w TEM w83 Au@Pt At PVP iliadal (A1) 1, (A2) 3, (A3) 12 uae (Ad) 18
fladluadiedns uav (B) wa CV 999 ITO uay 1TO Migniadeusie AuaPt Ald PVP i (a)
1, (b) 3, (0) 12 uag, (d) 18 Jadluasedns nele 5 Tadluanoans KiFe(CN), Tu 10 Jad
Tuasiedns ansazanevloaulninies fdnsnisauny 20 fisdlarraiund

SUT 4.3 (A) 71w TEM w83 AuePt Iald Andiudiu (A1) 10, (A2) 20, (A3) 40 uaz (Ad) 80
fiadluasiodns uaz (B) na CV ¥93 ITO wag ITO igniadeuse AuaPt 74 AA wudu (a)
10, (b) 20, (c) 40 way, (d) 80 Hadluaredns N1ela 5 Jaaluanedans KFe(CN)] Tu 10
fiadluaredns ansavaneneawiadimes isnsinisaunu 20 fadladdedund

sUT 4.4 (A) A TEM w83 AuPt-Ru 1ileld Ru (A1) 0.10, (A2) 050, (A3) 1.00 ua (A4)

1.25 Tua way (B) wa CV w84 ITO way ITO ﬁgmﬂ%auéﬁa AuPt-Ru 5814 Ru USunau 0,
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83



0.10, 0.50, 1.00 way 1.25 lua nela 5 dadluanedns KsFe(CN)] Tu 10 fadluanadns
ansavaneneawiadimes isnsnisaunu 20 Sadladdedund

gth“/'i 4.5 audAn1alnin () CV uag (8) nuuansrnsvualiihgegaves ITO ﬁgmﬂﬁa‘u
§8 AUPE-RU TiszaranIsdunsey 5, 10, 20, 30, way 40 undi nneld 5 Sadluasedns
Ks[Fe(CN)] Tu 10 fiadluasedns arsazatedvies PBS fishsinsauny 20 fadlasde
U

SUT 4.6 autRvnalylih (4) CV uag (B) nsminansennszudlnihgagaues ITO fignindey
e AuPt-Ru TldPnslssnausansladalunadalasiest 20, 25,3035, way 40% Lot
muld 5 fedluareans KiFe(CN)] 1 10 Sadluasedns arsazarotviines PBS fions
nsaunu 20 Jadliasneiui

31]1'7i 4.7 (A) FT-IR 983 AA, PVP ke AuPt-Ru, (B) XRD: B1) AuPt-Ru, B2) Au@Pt, ey B3)
AuNPs, (C1) XPS survey LLasaLUﬂm%’ummas@amqq XPS 994 (C2) Au 4f (C3) Pt 4f way
(C4) Ru 3d

gﬂﬁ 4.8 (A) MW TEM 4agdalninsanisnszaneimivedvuIneunia, (8) HR-TTEM, (C1)
mwmsﬁ%muﬁaqﬁ‘ﬁszﬂauam, (C2) Au, (C3) Pt, tag (C4) Ru Uaz (D) adnnsu EDX
sUTi 4.9 (A) arUnnsunsganduias Uv-vis ag (B) erfnd@maes GO uaz RGO filsan
nsllensFuduansindfiaadudiu 0.1%, 0.3%, uway 0.5% lagusuins

gﬂﬁ 4.10 (A) elUn@3u FT-IR Wee Graphite, GO tag RGO, (B) XRD w84 RGO, Lag JUA M

TEM (C1) GO, wag (C2) RGO

1J1'7i 4.11 %umaumia%ﬂa Goldleaf electrode (GLE)

CaN

gﬂﬁ 4.12 Cyclic voltammogram U89 GLE lud@rsagaignsneanisn Anuwutu 0.1 lua
soans ismsimsaunu 0.1 laddedundt vamun 25 seu

SUT 4.13 (A) OV uax (B) Amsthliiiingagaues GLE fiufuussitufindas RGO fianu
Wugy 0.10, 0.25, 0.50, 1.00 waz 2.00 Jadnsudeladans nuls 5 dadluanadns

Ky[Fe(CN)g] Tu 10 adluasdedns PBS (pH 7.4) fisnsinisawny 20 fadladaedui
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(%
] a ¥

sUT 4.14 (A) OV uaz (B) Anmsiliifihgsgaves GLE AUFuussiuiafe AuPt-Ru/ORGO
fiaundudu AUPt-Ru 0.10, 0.25, 0.50, 1.00 wag 1.50 fadniusefiadans aeld 5 fad
Twaredns KilFe(CN) lu 10 fadluasedng PBS (pH 7.4) fisasinisawnu 20 fadlianse
A

gﬂﬁ 4.15 Anseudalningaanves GLExptrumco fianududusiagues (A) Apt 0, 1, 10, 25,
50, way 75 wiluluasedns waz (B) BSA 0.00, 0.10, 0.25, 0.50, 1.00 wag 2.00 %Llagia
HOUSNINT

3‘1]17; 4.16 (A1) TEM, (A2) HR-TEM, (A3) SAED, (Ad) EDX 284 AuPt-Ru/RGO (B) XRD ¥89
(B1) AuPt-Ru/RGO, (B2) AuPt-Ru kay (B3) RGO way (C) FT-IR 999 (C1) AuPt-Ru/RGO,
(C2) AuPt-Ru tag (C3) RGO

g'ﬂﬁ 4.17 (A) AFM 909 GLE(AL) dauvainiazenfiuiingaensn, (A2) udawhnaueazons
fufnghense, way (A3) GLE ﬁﬂ%’w@qﬁuﬁaﬁw AuPt-Ru/RGO tay (B) SEM o4 (B1) GLE,
(B2) GLEggo, (B3) GLEpprpy 8% (BA) GLE pr-ru/rco

guﬁ 4.18'(A) N9 OV HaRsNad NS Al — GLE, — GLEres, — GLE, o, 4AY —
GLEnprruco (B) OV 983 GLE pisumco wandpnszudlviingsanduilsiduyas (81) 510
#99U90RTINTALAULEY (B2) dnsinsalnulutag 2.5 fe 40 edkhaaneiuad, (Q) nsw
Nyquist W2 (D) n1534A31% DPV Tianstunounsiasivesaundumesiiinei
d13U a) GLE, b) GLEgco, ) GLEAptAwRe0, ) GLEpuprrumcompt ©) GLEAptaw/RGO/APYBSA
a2 ) GLE prrumeopyssavarer NMTBATENlnalafiunisiuaisazate PBS 10 fiad
Tuasiedns (pH 7.4) il 5 fiadluaniedns KslFe(CN)]

sUfl 4.19 msAnwannzimnzanlunisnsaain AFBL (A) narufiisen, (B) A1 pH ves
a1saza1aUNinas PBS, way (C) mnuuturatdlsaza1aUnines PBS Asi9inmgwmaAna
DPV nyls 5 faaluanedns KFe(CN)] Tu 10 dadluanaans PBS

g‘dﬁ‘/’i 4.20 N15RDUAURINSINTN DPV uagnsmidunsandenserinaanududuves AFBL

wazAnseualninganluyani1snsaaian AFBL aandudu 0.3 - 30.0 Alansusiedadans
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5UN 4.21 MsideninnzveawaUnbuwasmalnilniadl GLEypryrco 8MSUN5A5ITR

u

a

AFB1 Tundnsinainienisinuns tngldanududuveanssuniud 3 ulunuseliadans (g9
ni1AMUNTUYeY AFBL 100 1) 108

SUT 4.22 yausSeuognsuaznnaoy AFB1 117



[

1.1 AuuazaudIny

v

pxnamendu (AFs) LluarsReNnanlngies) Aspergillus flavus (A. flavus) Lay
Aspergillus parasiticus (A. parasiticus) lngun AFs agwuarnn1suudeulundndueinig
manwasiiuluanmnadenifinanuiiusazguvaligs Wy winuie nsewiion dadas winlne

9 Y

wazd17ans Wuau AFs Tusssumaaiunsanulavatevin tawn AFB1, AFB2, AFG1, AFG2 was

dyo.l 1

TusUuvuinueladie AFML waz AFM2 Tagtamiz AFBT Wuiiidninduansneusisaidainy
$rousannianuazldsunsiadumsnenyifengu 1 lngesAnsidouzifaunu1nd (The
international cancer research: IARC) LﬁadmﬂﬁmmLﬁﬂﬂqwiamilﬁﬂmL%ﬂﬁ'u (Hepatocellular
carcinoma: HCQ) demalinsudlanawnsfivutlou AFB1 Swansznumaguamdetisyuduas
dndsialan (1,21 lumanevsemalddstoruuaninssiutsuna AFB1 lusrwslaifiu 20
lulpsnsusiodlansy (64.05 uiluluadedns) [3] iieruguaniasadusuomsuazanaIel
Aoswnananeusdell

Fedu nawanndsnisnsantafidanula wasanadumzgdlunisasaam AFB1 lu
AI9E WHENNNTN19N TN EATIEAN AR 0819 INADNITAIVANANAINEINT ATANTT
avianas@inneigluledumesiuiiiedl (Electrochemical biosensing) Insuminuaulaseng
unludagtiu iesaindidednatausynis Wy ssreinlded1snaga amudumzgs g
T uiguagdfmunandai sAdenarsaduldinganuistumstaunlulemuwoslii
wniifiTnsldsamAvansTaniw wu weudved (4-5), toulusl (6], woUsues [7-8], waz DNA [9]
flflunsngan AFB1 Tasansdinmimaiiazgnaselify Yaquilu (Nanomaterials) Aifiufian
Fmnzgauazansinisiluiimden wu syaauilunes (AuNPs) ldgnihunldiuegie
uwsnanglunisairsanmaainilidyaanddluiined iesniiiefiosmmmaaiigauazaiiy
dituldvadanm [10] SnitsoymauTuuwadity (PINPs) Gadufidandunegnsenuiuing
AnvaansalunsissUAseniadon [11] uaggiion (RuNPs) dafimnuanunsalunisifia
dgsninuazaussauglunisiselisenesiandeusenovunlulavenay [12] JagUuing

duasizvioynAlavgNaNaINTAIeYLANINTY WU FePtCu [13] wag PtPdTe [14] Bellnnaudi



yamsssUfiiseiidniroumeululansifewareyniauilulaved femnd msnudeives
AuNPs, PtNPs waz RuNPs 1i1saeiu uanslviiudatosnin aussauglunisseufisen uaz
arwannsalunseialuanafanmldedveenien venani sadnsfiueentes (RGO) u
Snuiletanuluiildsunruadlalunmsiidutagamatamaluiiueg s Rco tuduasueuu
TuiiAnarnnsdadssturesnsfivlulassadns Teanunsnusvummuanazsussld uasd
auauvAAaulavangysznis wu ﬂﬁu‘ﬁﬁ’sq@ (11NN 600 m2/g) [15] AmMuvLBInaTA

e (200-500 MPa) [16] MstAuau (30-2600 W/m-K) wagand@lifings (nnin 667

' '
aa a

S/m) safmginssumsliihieiadlden 117] Feauautadnanvestaguily TusmAdedls
Anwanmeimnzadlumsdunneiuaganauifmdlnihvesa susznovululavgan AuPt-
Ru MBARAULALAY RGO (AUPE-RU/RGO) WU AuPtRU/RGO Tidaas gviduiiandiuluiigs
Preigsnsieloudidnasou vilwiaseuindduuaruansasmduiissfiteda o
annsauiaUsEAvS W tafifeuanisinngesde AFB1 iinBsludensdutuneun
wesfitnisaudassemylvesa (Thiol-terminated modified aptamer: 5’-thiol- GTT GGG
CAC GTGTTG TCT CTC TGT GTC TCG TGC CCT TCG CTA GGC CCACA -37; Apt) [18-19] WU
WusylveaseninueUnuesuas JagaUsenau AuPt-Ru/RGO
TusAelddinislivesduden 24 ngsn anasadudaluiuuuldngai (Goldleaf
electrode: GLE) ilenainudalnihiidinisswiieludondad W uimasdvidounaiiudid
g8 esdaiteliduiinnuuiuasiansdnualdie widedoavemaduaiiid
anUAn sl lafuazuvawseasedl 20] naslémuneddludundugiusedlunisndn GLE
PeauANdsazaLIIien TN PufdnsFruusumsuestihliiiors
daaduiamaluinls T GLe Taedalni GLE Aasrduiltuinagil 1.0'x2.5 faduns was
U3ngavURATen (Planar-disc) Tdunaugudna1eogd 0.5 Taauing Lavinisusuusaiui
A28 AUPt-Ru/RGO @15UN15a5303 a9l nil1taflves AFB1 (GLEA prrurco) @14150A53990

& &

megdlenUsunsiies 15 lilasdns Bnvanisiduiumesandaidutalwihidsiagndadula

saa v

wiudefnennlunisadradumesndaunus [Usuaasesraialulsunaives Junung

Ausunislganunuuldnaiiale

1.2 TnUsTaIAvasuidy

1. WeaswasWant i mesriuarlunisnsiainaisnouszise AFBL



2. wiedunszit Tinsziuazdnwianululilalunisldiagululangausiuiuiadn
siusenlenswiutaUnuasiia LALLM USUUTaNuRvest g
1% 2{ o (%} 1 @ =] a =
a@s199uannnasrlal lunisesiainaisneuziSesnaviendu O 1
3. WaAnw1UTEANS AN wazUseriumnuatusalunisnsiadaesnatfiendu 4 1 970
GLEauptrumco MUHARAMINIINISINEAT WU WINWAS nSeiiia 0a8as ninlne wazd
pouNzAlne

4. WaSeuLileuiuisn1snsIinuInggIuaue Wy HPLC-FLD

1.3 YAUAVDIIIUIRY

1. Anwdsnmsdunsizieuniauiluaeulnds AuPt-RU/RGO uaznsaainseinmauds
NN NLALLAL]
1.1 Japedsgnouwnlulavgnan AuPt-Ru 21elin151e Polyvinylpyrrolidone (PVP)
JuansSheniatiosniniag Ascorbic acid (AA) LUUENTIM% daAszvieudsnssandu
maniiodsnduanusansleiindlunisieinuiazen
1.2 3dnsiluenlen (RGO) fldannnsssndunmaeiivasnsilueenlys (GO) fe
lemsTu
1.3 oyniaulunenlndn AuPt-Ru/RGO HnBnslirauAdLRgedansileia
2. Anw1isnsadeuaunduea s aMH AT GLE pirrco BIMSUNSATAIVIA AFBLUAY
PPt PREAT LG Vi PRV (N8 g
2.1 msatrstaliiminnesiival (GLE) Ing33 Planar lamination meldnisldiny
LaUveuLasmUnewa s i duNuRaS LT s
2.2 Mav§ulseiiin GLE detaguauuTuaoslna AUPt-RU/RGO THliausume
L1zENIsIdLeUn LD S
3, Anwannefiminzand miun1snsITA1ed AFBL W 13a1n15n5995R pH wag Ay
WiuvesaEnsaranginines
4. Ussiiiuuszavisnmueunidumesfiasnadulunisnsanta AFBL Maandnegeiisnansty
TureIufumnIs wasfeg 1 eNan iU NI9aNIsNYRS
5. WSsuiisuUsEans e Unumesiiadrsiulunisinsgsimanududy AFB1 fu
\nTeailennnsgIudu wu lasunlnnsflveavatanssaurga (High performance liquid

chromatography, HPLC)



1.4 Uszlevunmindnazlasu
1. loauluunaniug (Prototype) seaunimaun koundueesnisliiied GLE e
RU/RGO BNSUNITATIVIN AFB1

2. annsadirunuulseendlilunsiesigrin AFBL Tundnfueinnanisinens wu win

WIS NIELiey Daas winlne wazt1vieuuzalneg



UNN 2

%

VOB HAZUIL NNV

2.1 azvlanan@u (Aflatoxins; AFs)

Turanmsswi 1960 luuszmadsnguldiinumnnisainisidedinvedliasdiuauinn
nsidedindinariininlsaddauniizondn "X disease’ 2nNInTId0ULALAN YIRS UIS
wud tnsidedinarennisuilneemsluandiusdanvmioudes Aspergillus flavus
Tnwansiinuluthurdasudeuteniomssenoussrmiiandu (Aflatoxins; AFs) AFs Huidu
asfiuiidsuansenvotannden sluilonlusdadarivnaininnues Tusssuwd AFs @i
wiadumaneviinfiddny (aseasneved AFs falaassud 2.1) 1iun AFB1, AFB2, AFG1, uag
AFG2 Gefinrvostondasaiaiuutimiunmuanifnisdowasnielduasdanslhlowndaetu
lnganslungu AFBs (AFB1 Lay AFB2) LandtnaIuanunsalunisieuasdit (Blue) uavlungy

AFGs (AFG1 g AFG2) @1mu19ai309uatdilles (Green) Bnviagaannsanuansnoueslungy

a

AFMs (AFM1 uag AFM2) %

v W

$Aniuluie Milk-AFs MARINAITINIHAIY AFB1 thay AFB2 ludn]
AesgnalguuAlasuemmsndnisvuideu aeu Fadnwu AFML wae AFM2 Tuihunfuuay
NAAFUTTNIINUN LTU VIR wadunu e g waglofise Wusu (21, 22) Tnganswanilll

[y 12

aruniufivgs sawdsaunsodiqrdneliAnuais demsnaeiusiaziinnsnagiiduiudnde
Famnwandneinasnisinwnsinsuuilou AFs dendsuadosouyudlunatodu e w1
AUNIN NIFIAN LATETAD WaEnI5LE09 [23] MIUTIPITUTYDIDIANITBINITUALLNUATUIN
andsyyud (FAO) wudiiinisduieuansivainidos (Aspergillus flavus) luemnsaaiia 25%
vhlan [24] Feomsiidaduideulsie lud Sty $1nlnn 419ea 9130 Srdeas uazirdeand

$4 9)



AFB2 AFM2 AFG2

5U# 2.1 1ns9as19ved AFs uilneinee

2.1.1 %’agaﬁ'fa‘lﬂ%m AFB1

AFB1 fdnwaganzvndlastasisliians uininniswesiavevismiulglaamulvy
Wdulskmiukaalaululasiaieaunsutasfiaiunsaseuasigessagudaelauas
danshla@nNenugInay 360 wlUAS ¥ lra1u150n519aUleeumATANITRANINNTT
=1 = U ’oj Y I3 2 I Y ¢ Y o
[Soawasuadans Ing AFB1 daanUdlumsazaneirlaiieudnos usgiunsaaganalanlud

a % S A b \ N Y P A a | o = |
avangdunIdnivs uenanil fullanunsiadeniuseuas ullugamganuinndt 100°C Jaly
anusagnvinatesaeAmusaulunszuIunIINER 1T AENTRNILARBN ves AFBL laud LAn
nsaaedilddienteliuasdansalilowavseluanne pH Nuuse (N3 3 vi3egendt 10) uae
fimublunisifaufisendusenlintlevislaluaaalse [25]

AFB1 gndneglunquansneuzissUsean 1 Wesaindunumddglunisneliinuzss
#u (Hepatocellular carcinoma: HCC) Inenduiidnin AFB1 fiftwsiadiu vinliAnnsidenanin
voagandukaziludmaiiniliedre suufsmsiiunsdniavvessadduludnivaleviia [26]
nalnnsneusziSevay AFB1 LEnRagUN 2.2 Suusnidlelasu AFBL 1W1g¥1ene ansiananiaey
HIUNTEUIUNITUNUDATUS e 1 dueulinsealelalasy CYP1A2/3A Feasiuduy AFB1

Juanswunueddunfianuluiivgsfie AFBl-exo-8,9-epoxide 138 Epoxide AFB1 lngansil



annsaviuFAzendu DNA 16 Taglarngiidumis guanine wagnalviAnnisdnuanenisaiisane
DNA luguiuu AFB1-N7-guanine dssaliiinnisnaneiusluwad dadunalnddnyiilugnis
WangiSe Tudiuvesnisadaie s1enednalnnisvianefiwues AFBL-exo-8,9-epoxide WU
uleflunszuiunsuunuedduszeyi 2 Jueuluinganlslou loa-nsualelsa (GST) a3
uihiduRuassumuedTuues AFB1 denganlslou (GSH) ilevilviansiiadosuaransady
ponansumeld nszuaunisiifuiiudnlumsdestuanmdufivies AFB1 aglsfinnu n1s
Annalnuunuedduiiliauysalenavlugnsazanyes AFB1-exo-8,9-epoxide vl AFB1 1Tu

asiundunsenanluussata sy AFs auq [27]

Epoxide
AFB1
DNA
|
GSH
I
0) OCHjj
AFB1-N7-
GUaning | (AFBL-glutathione
: conjugate
I
Mutations/cancer Detoxification

sUl 2.2 nalnnsaenzdsves AFB1 Tuwadv [27]

2.1.2 Yan1uundnanavas AFB1

Ussmelnedingruneniuauusunn AFBL Tuemns lnedinnuamuenssunisemisuas
o1 (p8.) e mualyiUiaina AFB1 finulusnsilalifu 20 lulasniuserlanu dwmiuewns
Uszian gty 82 wazenmsuussy WeSeuidisudungmanslusiassina annmylsddl
1nsgIuiidunnian Inodmusliuiunu AFB1 flaliAu 2 lulasndudedlansiluems
dmiumsuslaaveanyud uagimuauiana AFs suiliiAu 4 lulasniudedlandy v

ansgewsnInImundininda AFB1 139 20 lulasnsudailansy 9a0nnaeiuNInggIUYeq
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Uszmelneg dorvunmandagyioulimiuisnnuneieiuseauainalunisannnudssioguaim
31nn1sUstame I svwleu AFBL lunaneUssmanilantaingszsideuniunuiieiiulsunm
AFB1 Tuowns Femuileasedugeaniaugnd mivemisuissaian lngdadinanulasnsie

agflute 4-35 lulasnsu/Alaniu dansna 2.1 uanstednrinues AFs Tuuaussmeaalan

A1519% 2.1 US1aulindinves AFB1 sunguangvesusasUseimne

Country Type of AFs  Maximum limit Type of foods Ref.
(ug kg™
USA | Total 20 Corn, peanuts, cottonseed, etc. [28]
Europe : B1, Total 2,4 Cereals, dried fruits, nuts, milk, etc. [29]
China | B1 20 Maize, peanut, etc. [30]
Hong Kong | Total 20 Peanut, etc. [30]
India ' Total 30 Cereals, nuts, dairy products, etc. [30]
Indonesia | B1, total 20, 35 Cereals, nuts, milk, etc. [30]
Japan | Total 10 Grains, nuts, milk, etc. [30]
South Korea | Bl 10 Grains, cereals, dried fruits, etc. [30]
Malaysia ' Total 35 Grains, nuts, spices, etc. [30]
Philippine | Total 20 Grains, nuts, etc. [30]
Singapore Total 5 Cereals, nuts, etc. [30]
Sri Lanka I Total 30 Grains, nuts, dairy products, etc. [30]
Taiwan | Total 10-15 Cereals, nuts, spices, etc. [30]
Thailand : Total 20 Grains, nuts, and milk, etc. [30]
Vietnam Total 10 Cereals, nuts, and milk, etc. [30]

nUBwe: Total = AFB1, AFB2, AFG1, AFG2, AFM1 ey AFM2

2.1.3 n1sUuilauvas AFB1 Tuanns

Yadenanienniidsasanisiialosiaznisvuleu AFs Tue1wis Usznausie pH
e Ay gamndl anududuinsuasuialuusseinia lnea pH 3-7 Wugimangay
dmSuNISHAR AFs 90831 Inglutae pH 5 azduasuniswdnesaiviondungud (AFBs)

Tuvaue?iA1 pH g93u (pH 7) szduasunisudnesnainendunaud (AFGs) N15:asaAulnuedide
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a a

TWAENIINER AFs Galasudninaainuas lag AFs azgnuanlaslundauazanasluaniiesnd

¥
=] 1

wasan wenanll aneidanuiugarvdaaiunisuuiouves AFs insgan1enyutudes
a2 a dll’ -dgl} v v s = ° [ a = dy

NSRTYHULNTDITDTT ANUTUFUINST 85% mnzaungadmiun1sHan AFs uaziiadudu

[ v ¢ a a 1 & a a d’/ 1 SN v o W dy .

duiing 95% winmsnanansnesgiiaiiiutueglitduddny Wesn Aspergillus flavus @115

(%
1% Y 1

Windulalaluteeamniiind1e Asue 12°C §i 48°C druniswin AFs gaumilivsnzaufianed

a [ | a

s¥ming 25-35°C TagUn@fignmgiige Sas1damuntswdn AFBs az11nndn AFGs wifignmgiian
N13HAN AFBs uag AFGs 9zdUTuniilndiAeetu uenaini sedvvesufasandiauuas
AsueulnoenledluusseIntAdsiinasonSHAREISABNLSIA NG IABNITHER AFs kaN13
windulnvesdenasgniudadioegluaniizifufansveulreenlesauazeandiaush [31]
nalnn1sadns AFs Tneidesn A, flavus Uz A. parasiticus sdunszuaun1sdusoud]
Aetestunsuunuedduseiuniend TsgnmuntlaeBunatgnay Tasiame aflR wag afls 7
vihuiiiimuaunisiansesnvesdulunguiiiisidosiunisdunsigd AFs da5uduainnis
FuA51994 polyketide runsiemvaenledlunssuauns Polyketide synthase (PKS) ity
fqmS'uéfusuaqﬂﬁsa%ﬁaawzéﬁv’aé}’uﬁﬁwlﬂgjﬂ'lia%’w AFB1, AFB2, AFGT Lay AFG2 Nsguaumsiviant
Usgnauseniseeniiatu ns3snduiayasiiismy leidusae ieviuasulasaasnlilians
AFs Aifianudufivgs [32-33] deuilefaudedadidesdug liuslnaemsddimstulou Ars1
a9tlasgauNIR U TEUIUN SN UeATY Wy APMT Tasnisdiunylensendauiiluly
Tnsta§alinana msdsuudasiifeduldludnidemadisuy uagasg ndusananyaiiuy
341 Tngnsasnisvudlaues AFB1 uayn1svilanewnsiiiinisuitiounansfesud 2.3 ununn
uvidainednislésu AFB1 ludinasuned Sauywiannsoldsu Ars Iimnsnsaasnisdou

& a a o ¢ Aal & = o v Yo A
QqﬂmQﬂqiﬂuNamﬂm%‘VﬂQﬂ’]iLﬂU@iWﬂJﬂqjﬂULU@‘UI@Iﬂ@im/ﬁaLLQJﬂ§3V]\‘]ﬂr]3VL@§‘UarﬁUULU@uf\nﬂ

Ao Y o
DIMTNUNTUYIFULAIUULDS
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ol * Aspergillus parasiticus
S pergillus pa
/ Infected Peanuts
“y

Aflatoxin B1 ,‘

Peanut’s Products

{8

Liver Cancer

Stunt growth l Acute aflatoxicasis

Immune Supression

JUN 2.3 WHUATWLAEITINNTBINIT AU AFBT vaadmitazaywd [34]

2.2 11559390 AFB1

Tulagdu 38nsnsradiesizvaisnousiss AFBL drulug denldiasesauninsinle
fmo3, NSUENTBRVAIANTIOULEITNAUNITNIVIANG DBLTAUS (HPLC-FLD) Wazn1shen

LY

vouvaTiuivkagaUnlnsums (LCMS/MS) wiiniBmariaglinnuliwasanudinizgas ush

£ = a

Taidendfey fie TTuneunIswseNmagnduden, [hau, daldanglunisanuidunisgs
wazdedldiaTasiloniisauns denanidilaiiniswmunisn1sn s Talrdanudunizun gy
1 a 3 fa  fa s 3 [ I a a 6o o
W Myleszieuledldrduylugesiuud (ELISA) Inewaunduyanedeulesndyddmiuns
WA AFB1 aadinstnans¥iluiana Wiy LauRuaANLiIAMURNIZE A UaNTARBINIS
o i Y o ANy o B g = o i ~ v Ao
n37930 wel ELISA Wundansiivedslumaeasdunaulunisnisuding1amsensnsiainiiiaay
FudouTsdnasiananisnsiainlauiediu AunsiRuIBn1sYIeaUnIain1snTIvTanvIe

unludeunnsesnsnan JuduEesdfegiaunn
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2.2.1 A15A312% AFB1 drawmaila HPLC

M. Namjoo wagmuz [35] Twatla HPLC Tunisasiadnusune AFs Tutnadludemin
Tniaanu vemeumilevesUszinadnsiu Tunsnieudegns Suainnisadn AFs andiand
un 50 n§u Tngldansazanewmiuea 80% waziwendunan 30 wififianuds 120 seuseund
INTUNTBIETATANERIUNTEATENTOL Sathansarans 20 dadansiinseaudiniideansdie
ansazareUiniaswoawn (PBS) pH 7.4 UTuas 80 Jadans i stusiesdt 3400 sou
fowndl WWuan 15 wikagnsesmemausuluaauvuagngy 0.45 lulasuns seuinisvinli
a15uTans la AFs azgaugneendinarsaiameneauiflasuilans1il (Aflaclean, LCTech,
Germany) BuanwaIsana 50 faddnsiiunedul Aflaclean Tudnsanisine 1 dadansAound
AFs axgnanduliluredul arsilifasnssgndtoendietindu anduy AFs luaeduiide
Wnuea 2 Jaaans asazanei it dnsunsiadn AFs §a8iAses HPLC-FLD Tagan1iznns
asaialdmandounduaisazae U wmvea: sxdlalulnsd (60: 30: 15 TngUsunas) Aaen
ANUENAAUNTERALT 360 WIlUIIAT WagAnnuM B0 aITIANNEIAAY 440 Ulung SR
sl 1.2 fadansroutdt ainaneiiling R, 0l 8-9 unft dwdu AFG2, 105-11.5 unl
ATV AFG1; 1314 uiid sy AFB2 Lag 16-17 uiiidnsu AFBL lngseeeinainsiasiei
Tavaafe 25 uATise 1 fetns AnHan1snsIeTafieE eIty 34 0gns wudn 10 Fregns
(Aendiu 29.49%) fmsyuidiou AFs lasegluseduiiveusuldnungmneUssimednin (AFs Ll
\Au 15 wilunSusiensy) wely 1 @egns @adu 2.9%) asranu AFB1 JUSina 7.08 wilunsy
ensudaiunidiinguinsfmualifl ¢ ulundusensu Tesuvaduuiinm AFB1 1 6.91 unlu
n¥usensu AFB2 71 0.29 uilundusionsu AFGL 71 1.37 ualunSusensu baz AFG2 71 0.23 wily
nSuADNTU

T.D. Nguyen Uagane [36] Lans293n AFB1 fa8 HPLC-FLD #agvinnisinaainayius
el RlEasnsnsIviiasIs i i agiBeaunniu nasmIensegiasaannisatnfiesiesiuay
5,000 n$u Tnedrdaszainnagesdlalulnid 60% Y3uns 20 faddns waziiog1sgninaas
afafewniuea 80% neldnisliadusanslednidunar 30 und andutlunyunissd
A3L57 9,000 SOURDUIT LUUIAT 3 U1l NTBSENTAYANHIUNTEANWNTEIIUIA 110 Aadiuns
Mntwhasazaneinsedld3unns 5 fadans uiFearsietingu 20 Hadans dmsudaogns
fhaas uavansazanetinsled PBS 20 fiadans dufusogagning Andugdeiados Vortex
Hunan 1wt wazthluvyusissiianuid 9000 seuseundt Wunan 3 undl ndsinyinng

Y ° av v oo a _aa ° Y a Y v ¢
GG RRGRY! u’]aqﬁagaqUVIIWQWUFJU 20 Uaaang lJ']V]'WIVi‘Uiqmﬁ@'JUﬂaallu IAC
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(Immunoaffinity Column) tlarsnasiavusen antduss AFB1 senainmedulfewmiuea
U3ums 3 daddns wagyhliuieneldufalulnsiou desnduneunisineyius AFB1 azgn
sandladmeansazanenanesdlalulngg 60% fu nsanesiin 0.2% ludnd 1:1 lngUsuns
U3u195 1 Ja88n3 nauanslildniuaie vortex waznIaeaIsaga1gkIULNUNTeY PTFE 3u10
0.45 lailasiums Aeuthdegratngszuu HPLC-FLD ilovimsiiasest lagannznisnsiaiald
wanFeuiiiuasararnoralalulesd: wnuea: tindu Samdutng 46: 38: 16 Sn31n13
Iyia 0.7 fiadansroundl fonmgiives uazUiinmsnisdn 20 fad8ns dernAnuenAdunsERuT

360 WILUWNAT LaZANANNITISDILATIAIINETIAAY 440 WILWURT YNSRI TRRI9E1971AY

a

a3 Inglirnauludunsiagi 0.9999 uaglvien R, od

o w a

Wutulugae 0.2 - 20 wilunusiediad
1 7.41 Wil wan19n I indndaiamianves AFB1 (LODs) 8¢ 0.1 wilunfuseiiadans fauiiin

[ as

wafiadagliaulilunisimsedigs wildniswseudtegadinnududeunazlinaiuiu Tu

Jagtuiinswannisnsiaianianuasidonnniukasdetisanizyzial sIuiandunu

A5UN15953978 AFB1 TunanAnsnienIsinwms

2.2.2 11575229089 LAl sy AFB1

L = e

s WAl (Flectrochemical sensors) Winanulasendataulsivsaiannnsedu

9 9
(%

UfAsealdsdnisateniesudianaseu lassassveusuosussnaumedalninauds laun
Tl 1989 Valwialdau wazualnilieae Tngarsidesnisinsieiasdausinlunig
AU Aservuvestalnnldny waslessuniAsvuainugnsentazasredng i lugalui

ilviAndaaliinainsadnla mansavdamewelialnineliiven fe s1A1gn dygyin

a [ [

sumush ThnrsnmatafiosiBunuarsansa uwiogslsfnuisdidosdalieatuandinig
Inlhwesia i fuadinsiauih Yaguilunoslvdnn I uieduiuis audfinini
T nelulassaire PubsaudAnindusnseiiten Seaudfdnanannsoldiiiudygunis
nsra¥alidanusaiau gniesunndauld tasdidaldduivastlnanafitaslinismsatad
AT AN B ST

L. Xu uazang [37) WWasslulodumesdmsunisinsesd AFB1 Tuthiusidn Tae
o1funsITFATennineendiatuvedlslnsailuusiseyniauilu AuNPs Ainnsusuuss
Nufndne Streptococcal protein A iag Antibody AFB1/lgG-HRP (AuNPs-SPA-mAb/IgG-HRP)
Tuaneiidlelnsinudesoonlsd dusuil 2.4 uansiuneunsasrslulodueslniued Fuan

MsUfuUssuRvestalwimes (AUE) ¢he AFB1-BSA Aviwihidunoufiauuuiiuia (AFB1-



13

BSA/AUE) wazynsilostuianmiindaluiidienisindou BSA (BSA/AFB1-BSA/AUE) luusiansdi
fiufndyihaan soulun1snmain AFB1 sy AUNPs-SPA-mAb gniuasfiuasazanefia AFBL
waznenasuuntintalali lunssuaunisii AFBL axdufulnsuiinauouiived dewalilnsuld
anusaBainzfuteufuiindovoguuiintaluihld sxdifesdnsudililéBaindu AFB1 winiu
Fozinzdauudalni demalianunsasuiueulel 166-HRP Tdderas wazvinlinnseendndu

vadlglasailuuintutdayas aavnedyaraliinniald asanaulomeuiunsainluld AFB1 Tu

GREGHMIS!
Il“().“llo
‘ % »ﬁ  Bo
g P9V )
W \__/ 1gG-HRP u | /\\
. [P 3 / \
e 5 = @ £ [\
N VS 22 : \ 2\
AFBI-BSV BSA //’%l . \ W~ ~
; v * ,& *f ,g 3. L || Powntaly
“x O 3] '\’ 4 : - ;v',,
‘ o ® FpPu?
. . @ = N "‘.-_: | \J IgG-HRP
SPA - & mAb D &
ANPSPA L 1909 N AUNP-SPA-mAb |/
W @4 %) A SR, 4
AuE AuNP SPA~ BSA - “mAb _IgG-HRP “AFB,-BSA’ . AFB,

sUit 2.4 Fumeumsaisluladuiesliuad [37]

Tun1sasastendnvalnisliiedveslulo uwesiiadsdu laeldimaida Cyclic
voltammetry (CV) wa¥ Electrochemical impedance spectroscopy (EIS) neld 5 fiadluase
305 Ks[Fe(CN)] Tu 0.1 Tuasadns KCL Tnowaia v ilumadanialifnaddldlunisdne

= 4

Af3e13nendvesasusznaunmandl Tnatduisnldnswasuwdasdndlniuuuiugiliun

[l

v
o

5enIN903 NN 18919849 (Reference electrode) waztaluin1d91u (Working electrode) Tu
ansazaneBianinglad Tunszuiunmsiasiest OV azdinsaunudngliihanaisluas aniuds
aununduungeandnasludnuaziluieseu (Cyclic) nszualniififiadussgnduiiniiie
! a & ! = cu O & v al v
nsdeuNsangloudidnnseuseninasazateinendiudiluilussuuiu deyailiain Cv

aunsavsvenfvantivesuizensnenduasans sauidniInsAnu)iseuarauawived
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asUsznouiidne ﬁﬁﬁULﬁ@’SL’SﬂIVISG]:fI‘ﬂWiU%JUUEﬂﬁ’uﬂ’JWQaﬂiimWWQIWﬁﬁﬁﬂLﬂgﬁulﬂLLaz
anunsafnuldfuandlugud 2.5 e a wanmgRnssuves AuE Aslignuiutssiiuia ny
nsmifiuansauduiusainssualiinduadngluin lnowudnszualiigeaniiduuan
(Anodic peak) Fafndudiofiniseandinduresansluasararsuazanszudlaingeaaiiiuay
(Cathodic peak) Lﬁm%mﬁamiﬁgﬂaaﬂ%lm?gﬂ%ﬁa%ﬂé’umﬂuamwLﬁmLLazé’QWUSﬂdﬁﬁﬂLLdu
AnkazlAlnAnilauanuInsiu Usvenialiseine ﬂ‘*g‘ﬁ.LﬁWﬁIUﬂﬁEJSLUi%UULﬁuUﬁﬁ%EJ’]ﬁ
anusadounduld (Reversible reaction) windsInyiin1sUSuUTsituR AUE #8 Azido-PEGA-
NHS Ester (AEPS) a1ssnansfivimiinfidesioumau AFB1-BSA 11U AuE wuitnszualiin
guananasiaiauelufinuazualnin (Rsawl b) iflesan AEPS Tufundsuuiiufy AuE avanens
dreloudidnnseu reunileindausieg AFB1-BSA nszualsliinfinnisanas (151w o 1losen
AFB1-BSA filananavunivgy aduauauluidaraenisarsleudidnaseusndadu andy
nszudlwanasossdnauiesain BSA dWiiutuRuaililévinnsusuuss viiliAnnsUniuge
flannsamelondifnasoufindeay (131w d) wagndsaIndi AUNP-SPA-mAb QATEAAIULTLAD
vodlulodumes nssudlimihiisansiinanases1ewoiiios (91w &) Faisonds AUNP-SPA-mAb
Judu AFB1-BSA @152 qaving 1ile 1gG-HRP Qmﬁmawwﬁuﬁwm AuE navualilfinfiuiy
{lesnuanisssiiseniseendindulalasniluuveoulsy (nswl H luduves E1S 1y
wadladililunsiiessinszuiunismeleudssquasnisindeufivesiossulussuuliiad 3s
viarulngnsussynAnszuan3 ofnd i uaa1ud 1 luraede wagzianisnauausives
nszualniavsodnglui1 §snismovauesi szgniuudativey lus Uaosdudt unud
(Impedance) Fadumudiudreninnssuanagdndlnin nislasghaileann EIS amnsa
vandsnsEUIuMInieg Wy nsdieloudidnasouiiiuiag il aaudrumliiihgesvan

s o A

LazANEINNSOlUNIsUNIN Sz evedleaaulua savane st ulduatian Nadauta i uie

U A a 14 Al

USudsanuiy deyaiilaain BIS faguil 2.58 uanangml Nyquist azsunsmfuansmanuduius

q

! a a | a & & a A & a a .
FENINDUNLAUYAIUATI (Real- Impedance 138 Z27) NUIUNLAULTIAUANIN (Imaginary

o

Impedance 130 2”) Inevalu Nyquist plot aefidnvusiduedananay Seusuanienszuiunis
maiauﬂsza;ﬁﬁyuﬁa%ﬂw% (Charge transfer resistance, R.) Lavidunssiinoanasnenauiu
druveensunsngzane (Diffusion) desusnisnisindeuiiveslossulumsavaneviovag wui
AUE ﬁgﬂﬂ%’mwﬁﬁw AEPS, AFB1-BSA, BSA Wag AuNP-SPA-mAD Slaunavesrssnauiineudig

e Aoflsranudumunisansloulszy (Ry) MiinTuEess audu way Ry anasanta
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NANAINNSLAY 1gG-HRP Fawantlaannysaasisiaennassiu vilrsudulainUsyaumnudnsaly

nsudnlulawumasnisludled

60

40

N
o
g
T

o
Z" (ohm)
a8
8
T

Current (HA)

2000

N
o

v 'v o
40 1000 ".,\/v" d -y S
,60 0 Il 1 1 1
-0.1 0.0 0.1 0.2 03 04 05 06 4000 6000 8000 10000 12000
Potential (V) 7' (ohm)

U 2.5 (A) CV uaz (B) E1S wpsdunounsuivlseiuiadaluia aelk 5 fadluadedns
KslFe(CN)g] Tu 0.1 Tuanadns KCL I (3) bare AuE, (b) AEPS/AUE, (c) AFB1-BSA/AEPS/AUE,
(d) BSA/AFB1-BSA/AEPS/AUE, (e) AUNP-SPA-mAb/ BSA/AFB1-BSA/AEPS/AUE, Way
(f) 1gG-HRP/AuUN [37]

TugnAdeiilaldinaiia Differential Pulse Voltammetry (DPV) Tun1snsiadn AFB1L &g
Juwedanimwian OV assuanisvuluvaendndliigniisundandutug (pulse) Inglu
wiazazdnisiiudndinihvuiiasdeatas Sanszuanuasuudass ninvgasudunaduas

INAUAR VA IU1500522TAANNA1ITBINTELATINNT UL AasIB AkazklUgINI1 CV eld

q q

anmedimngaudmiunsnsanin AFBL Inafsguil 2.6A n3wl DPV Landauduiudszming
nszua () Audndlali (v) FauansfianduiusfudndlnihfiAaiAseninondvesans viins
n5197n AFB1 Tutasmnuudu 10 613 8000 Wlansusediadans wuarrnszualnianaseeny
sowosmurnududuiiatures AFBL iflosnannisdnuansladly 166-HPR Whdufulnsud

Tlninazduginaiineandinsursslslasmiluudwalininnisanaswesdgaalniiad e

anszialwinuindeniuaiannisuveeau Uty AFB1 Tuaig 10 89 8000 AlAnSuse

= -

faaans lnuaun1s3nIatulludume | = -1.0671 [gCAFBL + 10.5859 wazila1dulsednsuans

'
o w o v I a a

nsanaula (R?) g 0.9954 uazdindiamannisnsainey 2.2 Wlansuseliadans (5UN 2.68)

o 1

WoYN15M5297A 18T us 91Ul TansagaznisAunauresduanegludle 88.0 B

v o 1]

105.4% Fausuanismulszavauadsalunisasrsluladuwasnislnieddvsunis

7579790 AFB1 Tufie819934
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10.0
10 | B
10 pg/mL 95}
9 5’8 = 1=-1.06711gC,,, + 105859
8 8000 pg/mL 90} R =0.9954
7
-~ 85}
3¢ g
£§5 280
g E
g Evs)
3 7/
70}
2
1 6.5
0 6.0 1 1 1
0.1 02 0.3 04 05 06 07

. 1
Potential (V) IL(;O

J i
gC, ., (pg/mL)

| v
aa o =< !

JUN 2.6 (A) DPV waslulowuwaslvflnaiiiimuntudennandutusne vos AFB1 lugas 10
f14 8000 filAnSusefiaaans (B) ammduiusiBadusyminanseualiuasaigenanuiiudunieg
U9 AFB1 [37]

G. Kaur kazany [4] lalddanuilugetifunanluf uAts-MOF (NH,-Mo-MOF) 593y
TisC, ?ﬁqLﬂui’aquﬂuamﬁﬁﬁﬁmmLL‘%&LLN %wjuuazﬁuﬁﬁaqq Tnsead s dipvsansind
Pgiiaszansamlumatauiunaaoiumsnratansiiuaidfinmiatosiazaailgs
1N Lﬁaammﬁﬁaaﬁﬁﬁuﬁﬁaqq Wil Ruasun L wsdlunis ity Nngui 2.7
Lanstunsunsadsluledumesluiied FanwWas NH,-Mo-MOF/TisC, Qﬂﬁ’lmu%'wgaﬁuﬁa
vuBianvaRRuRans L (Screen-printed electrode: SPE) Inpn1snenasuuiuiadEninsauay
Udeeliursdnuiy anifunfououdued AFB1 vuRasidninsasnuUfaserlelasladasewing
vy pzdlluvuiagnaulaz iy S UBNTANYe e Ul vaf wagvinsuEonil Ui ovos

SANINIAMBAITaZaNY BSA 2NUUUSHYae AFBT Tusiedsanuisansiadnlameimaia EIS

UUULUULU &

.
.
-
-

. e
Analysis

NH,-Mo-MOF/Ti;C,  Antibody
SPCE Drop casting Immobilization

AFB1 Detection

JUR 2.7 Tumeunisasisluleduwesiddliieddmiunisnsiain AFBL [4]
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dmiunisnsivaeun1sUsulssiuiivesdidnings 1ald CV wae E1S Tun1snsiain
nels 10 Jadluasodns KsFe(CN)] Tu 10 Jadluasiodns PBS (pH 7.4) n1sasiaiame CV A4
JUT 2.8A uandliiuinnszualuihasanvesdidininsaUauasdidninsafignuiunsasiig NH,-

U RV

Mo-MOF TisC, wa¥ NH,—Mo-MOF/TisC, dA1 53.9, 81.3, 98.5, way 126 hulaswoud siuaisu

!
=

Fauanslmiuinisusuussssaninmuesdidninsaiiawisatieiiunisasloudianasauuy

[ (%

NURALA wonINTINAITIATITIRIBWATA EIS (gﬂﬁ 2.8B) WU Ry (AUAIUMIUNISEN8lau
Uszq) vesdidnInsadvindu 418 Toviu wasidleundafiuiadidnTnsadae NH,-Mo-
MOF/TisC, A1 Ry anasvide 110 lo%y LLﬁmﬁQSLgﬂi‘wiﬂ‘ﬁllﬁﬁjuﬂ’]iﬂ%UUjﬂﬁuﬁﬁﬂ?uﬁﬁﬁﬂﬁ
shumulnihiienasardianusausdliiinsfnduvesnisteleudidnaseulunsunsvesy
ansavaneInend [Fe(CN) >4 anvadleiinisnsateuivene R, Lﬁ'wﬁuqqﬁq 1.75 Alalevia 1Ju
NaXNINNISMsUATINTsaelaudidnaseutadastailusiuymnlnguaznsnaniueslseq
auvesgansuendaniulassaisusunuediulszgauteaginend [Fe(CN) 7 Gauansisns
AnduyTursuwdndsgviniufindidninsatuleuived na CV uaz ES Usidsmudisaly

nsassluleuwes@elwilndl Ab/NH,-Mo-MOF/TisC,/SPCE

—Bare
1804 A 1-5T — NHy-Mo-MOF B
1204 TisC3
g 1.2 e NH2-Mo-MOF/Ti3Cop
% 60. G e Ab'NHg-Mo-MOF TigCp
S =
£ o Fal'«
3 L ed
O 604 v Bare SPGE
e NH - Mo-MOF
120 My 0.4-
e Ti1C)
~1807 = NH,-Mo-MOFITi,C,
0.04
N, L Ll L L ’ L 2572, | L
08 04 00 04 08 12 16 0 1 2 3 4
Potential applied/V Z'k)

SUT 2.8 (A) €V iaw-(B) EIS itunsumsadialuTofuiwedenay (4]

NMITIATIEI EIS (3UT 2.9A) nudmwadurugudnatsensianauding unu
arududures AFB1 fifindu nofnssuiivsuenfamsdavananszuaumsdeloulssq Losan
manefvesduylursuindndssvitueufiaunasuouivofuuiiuivetsuees 1ITaLYALUY
usuiadidunidunuuiassitlifusgraunsvareiigalunisanamnivesiddyanteya

FIS &4 Randles model aSulenalnnisanelaudidnnsaunaznisimasuivadlessuluaisazaie
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% o
A A IST.Z

= ¥ 1 a a L3 L% = 4 a o & A
sennuita i lneg1sezidun Inedesrusenaunany Ao AnusunIuTeBlaninsladnie
R, AuUszylninaastunie Cy inluisossassninniididnlvsauasiugiususanilasy
TUsmoutuuszqilieg (Double layer) FsduusedagiazilSeuadouiiivusey anudiuniuy

a A

nsanelaulseanse Ry WNATUANURITDIUIBLENINTALaLdUNLAUSLUUINTSnuSe W 1lu

9
£ '

SuinnudfiAntuiinnuiduandedunmsunsdlisiaveunn melusuil 2.9A uannsasanuya
wwunsuiadildlumAdeiilned ¢, Qm%amimmmmuﬁu R, tlouansiesdusznouvesiu
Touwes wu Imaqaﬁu%am, LOURUDF uazLEURLAY Cy 1T UABUIMBSITsEINeBIEnINe
uardianinslad dufvdesiunisaeloutszasemasliianaveuoufvofuazarsdianinglad
wdannsAaNT N IRURsHIReAuAAAN R Tlda7n AFBI Aenududuniag aunisdu
pssilimsaseiinsatunuudnnsiiines (Four-Parameter Logistic %3 4 PL) fauanslusy
7i 2.98 nudHanIaeesiinIEenRdaIiuR (R2 = 0.9993) s8W313An Ry WazAududures
AFB1 Turias 0.06-50 ilunsusiesiadans lnefidndrinnnsasaatadian (LOD) gl 8 filandy

fodladans kavnIIInITIgviiiegNMINantile wulnleifosaznisAunauaglugag 97.2-111.0

Jeagulanlulowumesi@slnitiagl NH,-Mo-MOF/TisCo/SPCE dnnsaldeulansy

15 125K
A ng/mL B
w— 0,06 |
124 .12 10 K 4
= ().6
N P 7 75K+
G s 1] -
N 61 2% 5.0 K-
34 Ca
Rs }— 2-5 K
Re Zw T~
od w—
0 5 10 15 20 25 30 " 0 10 20 30 40 50
Z'kQ [AFB1] (ng/mL)

31]1'7; 2.9 (A) EIS nsnevausaelniiaivedlulabuwas NH,-Mo-MOF/TisC,/SPCE i AFB1
fenudady Tutag 0.06 89 50 wilunSureiladaans uay (B) aunsidunseildnsimsessinga

FULUUANISALNDSTENINAT Ry WATAMUNYUVDS AFBL [4]
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2.2.3 N15A5729AN28 ELIZA

ELISA (Enzyme-Linked Immunosorbent Assay) flowmafiafildlunisnsiainaisdn
Tuanasineg Tngliueudveduazieuluiifeaidygaiannsaiald Fuinldlunisnsadu
sy woufy vieweufverlushognsdnm Wy den 35U iethane

M. Eslami uazaug [38] 110150513790 AFB1 Tuddegralagldisnisudsdunieduyly
oulwsl (competitive enzyme immunoassay) Imai%’sqﬁmaau RIDASCREEN Aflatoxin B1
30/15 (3%%@@UA": R1211, R-Biopharm, Darmstadt, Germany) SupauNsIIEuFI08e 917 5
¥y naufuaNsaraswnTLea © 10 (70:30 TnaUsuns) Ysims 25 fadans anndurinisiug
Hunan 3 Ui wasnsesansaraelasiunssaTenses wazdonieindulusnsain 1:1
aavneUinansazateUsuins 50 lilasansldluudasvauuaslilasininesinan

dmsutuneunIsias el ELISA vanisiiuasazanesegialsuans 50 lulasdns
adluwsiagnauvedlalaglymefinas Mnduivasieuleiaougnn 50 lulasdn uavarsazany
Laufuad AFB1 50 lulasAnsaslunsasvau vihnsnaudhenismenun uasislilivhu§isen
Huinan 30 uifiguundvies (20-25°C) udsannifu vin1sdsnquénsansazatediilas 250
lulasAns 1uau 2 afe anduivaisesaisduanan/lasiany 100 hilasdasaduusasugu
wanuaz il luddinduna 15 wifigumniies aaviufumsaratengaufiien (1 uesuoa
H,S04) Usu1915 100 lalasansasiuusasviay LLé’ﬁmﬂ'wmsamﬂﬁmmﬁmmmmﬁu 450 wlu
LIRTHIEATEITTY ELISA 1nevhnsaas s vin aiindeen

L3

ANNWANITILATIZI

(Y

wudn AFB1 dinmsuniiouegiogastiiiomn Inefaududy
Tuts 0.29 Fa 292 fadnsw/Alandu edhslsfin 3 25 Heesa1n 40 segraniuuna AFBI
\AuAnnnsgIugeaaidavunlasavawglsy fio 2 fadnsu/Alansy uarlaietndlanifiuiunm
AFB1 gsiie 5 fiaansw/Alansy dudulnddngegamudavunvesaniusinsgiunas
PAAMNTTUWWIB1I U (ISIR) d3u AFBL

Y. Zhang wazaug [39] laldinatia Tyramine Signal Amplification (TSA) WieufiuAu
llumansaadu AFB1 lusegnahiuussnauemnsdaeds ELISA 113Ut 2.10 uanstunounis
W3 TSAELISA lagiuannisiedeuueudiau AFB1 vulilasiwan (100 lulasdns/vau Tu
asaranstiliedniuoiun) feliduAuiigumnd a°C andudndulasinandsarsazans
Svilasrleanndidl Tween-20 0.05% 1uau 5 afs wdwhnisudenviquiislennayiiu 1% lu
PBS (200 lulasan/vau) Migumngd 37°C 1unan 45 undl udsndududiegavioas

WINTFIUVRY AFBL USuns 50 lulasang aslunaunieuiuweusived (McAb) (50 lulasans/
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wau) wainsuudunan 1 99l 37°C 9nuudmauuazifiseulsyl GAM-IgG-HRP (100
Lulasdns/vau) aslUuasuudn 1 lusiigamgil 37°C naR Nl vin3dnednaskagiivans

tyramine (T-B solution) (100 lulasdns/vaw) adluiovenedyaunisnsiaiatasiusedndy

wan 15 wiiingamigil 37°C waginAIN1saANGULE

L (©)
TSA reaction = L' %E) I'MB solution (T BSAZ
——
BSA reaction v OEED ®
AN

AFB;-Antigen Enzyme: HRP-  AFB;-McAb =~ GAM  Tyramine Biotinylated Streptavidin

(%
(Y

Ul 2.10 Tuneum 3T TSA-ELISA dwsu AFB1 [39]

dmsumsmieudaeg1inuiildvageu Tneldtnsu 5 nduvinisiiiy AFBL fimny
WY 1, 2, 5, way 10 Wilunsuseladans LLamﬁuﬁﬁqmmﬁﬁaqL"f]unm 2 $2l59 nTuRs
A13agaNgNaLLLINeA: PBS 20 daaans (8m31d71 3: 2 lagusuing) uazlanwu 20 dadans
LazEsetreneffindiluna 20 uit wansld 30 undl udmInTNIsnseENsATANY LAY
Weananauilulinsisviniamaiin TSA-ELISA

nsWsARIgILYRY AFBL (5U7 2.11) gnadrsdunigldanzaansantnfiovmngay Tne
NSINLERIANUTUNUS TEINas Fudn1sTu (%B/B0) warasni3ANvesnNUdudy AFBL
33 ELISA WUUUNREMSUNISAT995U AFB1 wansAn IC50 710,245 wilunsusefiadans, LOD i
0.044 ulunfurefadans wazd19autdudunss 1C10-IC90) 71 0.044-1.35 yrlunsuse
findans Tuvaisdi TSA-ELISA Iinuaeeagnda Ingien LOD, IC50 waztsnnududunsed
0.004, 0.039, ag 0.004-0.414 WIlUASUADNAAARNT MINAINU NISNAFBUNISANNAULLAIBE
ihifuiiimaidiu AFB1 Tridnisfunduaglugag 81.4% 9 118.8% Tnsiid1 RSD ogjsewing 3.8%
09 9.0%
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= ELISA
¢ TSA-ELISA
\
20- § %
n N
T~
O Tl i, | r of B e R = e ke ; J "!"
0.01 0.1 1

Concentration ofAI-’B1 (ng/mL)

JUN 2.11 n51insgIudIguningunisnsdain AFBL saewmaila TSA-ELISA wag ELISA [39]

N9l suULT EuATNI9M19luN159599 90 AFB1 Wy HPLC-FLD, n1sn323inldd, n1s
AT193N15 5 0as, ELISA wazn1sasantenisiiied faanddumssi 2.2 dslumsissanann
Fsusm3Siey ueudevluiuludemesnsiauimaianisnsiatn feg1efidnu a9
AutuLes AFBT lun1snsiatn ArdasiasigauazAIfosaym ANy 2INN153IUTI

wuhmedanalilieifevasidealunisnsiaingsiian laelidadannnisasiaintusyauiile

[
v v a

nsuAeliadans wazliAsagaznIsAUNSUNR AatUwmAtAnsnT el alid sy AFBL

adunihaulaluniswansaly
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Method Modification Sample Linear range LODs Recovery Ref
(ng/mL) (ng/mL) (%)
HPLC-FLD Sample preparation: matrix Chili powder, sesame and  0.5-10 0.250 88.0-95.0 [40]
solid-phase dispersion (MSPD) - bean
Colorimetric Based on AuNPs Ten different kinds of 0.2-8.0 0.08 87.2-110.2 [41]
miscellaneous beans
Fluorescent based on AuNPs assisted CuNCs Cereals and peanuts 0.02=20 0.69 93.4-106.2 [42]
ELIZA - Corn, peanuts, pistachio, 4.2-99.9 4.20 70.8-121.8 [43]
and soybeans
ELIZA - Rice 0.1-10 0.62 94.0-113.0 [44]
Electrochemistry  AuNPs/ZIF-8 modified GCE Corn oil and peanut oil 1.0 x 102 = 1.80 x 10°  935-1069 [45]
1.0 x 10?
Electrochemistry Molybdenum disulfide-Au Rice and wheat 1.0x102=800 500x 10" 944-1065 [46]

nanobipyramids (MoS,-AuNBPS)
modified GCE
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uil ELISA axduisfitedldlunsasainansiensdusiite deiinasinnsan deil
Taaiunu: ELISA dnldnamanedilus iesniiduneunanedumey wu sveznainis
Uuieufiay, weufivefnieansduaiiiisades sududeinisdrmaneseuifieannis
Uuidou Mlldmnedmiunisnsaetafidesntsnadnsluig
amnudutoulunisiniouansiedne: mandsudegfidudounagdoinisnisaiuam
sgadunaludewesanniediig wu A1 pH Wiernududuvesaisazaty anvdmal
Aneueanndeunnlifinisuicinuduneusgisgnies

AldT1ege: usfin ELISA anduasitiarmsiugy wid lds1elunsidauige iesnn
Fodduoufveany uiulilasinan wavindeiiednseifidsauwng
nssumuantesenieten: dyaaiiinatn ELISA 9139n5UNUINYITun18Uuen
WU miﬂuﬁjauiu@hasm, Auasiilaliatos WsaUfATYII (cross-reactivity) 58ming

LOUALULALLAUAUBANIARI YN

Turngignnukeuntues (Aptamer, Apt) nautlufgulasnndulunansVacu Leum

wosiludisingavesnsnilandsn (DNA %38 RNA) Nfiduuudeglugag 20-90 drsuiledlelng

wagdlassaanusiandmniziatas vilgsnsaduiulsanahnneldsigannuuiugigs 3

o

Y

%

gnihunasafukeunidusesifianuauisoadieivugludugesiliuoufived weunues

IognldunduiliessnandalaSsunaiedsyns iy

1.

© N o kR W

Lidnludesadigliduivlugnd eswin Apt awnsaduaseila
AAUVUNITNGNNAINIT

oA a o Ao

NiadysnnynaiuagaUSounEN

fanuaunsalunsndadilngen

undnas ylidaaauisalunsusnduiabosazgnniziuluanaitunglas
aunsausulassasald

fianuduiiviuazneliiinnisnevausgiiauiutiey

q

'
aa v o

TilwenisiEeuaninluanieiidninazaneildueslunisainalsnouzise

= v Ay a I o ‘:4' 1 A qv o o a1 o w
ENLLHINYSHYBDANUTINNY LLAITUTIU Apt WQﬂWUWULWEﬂGUGﬁ'JQ'JW AFs EJ\?JJ@E\JJ@EJ']Q@U']ﬂ@ 114

aqiiu &1 Apt fmunsndmiunsnsadu AFBL laun
5- GTT GGG CAC GTG TTG TCT CTC TGT GTC TCG TGC CCT TCG CTA GGC CCA CA -3’
5-TGG GGT TTT GGT GGC GGG TGG TGT ACG GGC GAG GG -3’
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5- GAT CGG GTC TGG GTG GCG TAA AGG GAG CAT CGG ACA -3’
5- GCA CGT GTT GTC TCT CTG TGT CTC GTG C -3’ [1]

nuideludrwmaeNcusnlaaudues i on15n 293U AFBL Tngldainu Apt
munautey wagluratesddelaldsuduiaguily (wu suyniauilulang GO RGO w3
sunaulupaulnds) Tun1susudgsiuiididninsamiaiuauaiunsalunisnsiaduans

A798719NUANLLRNILRNZIUINTITU

2.3 Jaau1lu (Nanomaterials)

unlumalulad WunsAnufideadestueyniavneuilugaud 189 100 wiluwns e
fiansandeautAvesaatsfgndesuinasluauiesedunis aznuinaudivesaansiuiy
Wasuwasld Tneamizidlovunyesdaseglussduunluimns (eendn 100 ualuwns) aud?
vosaasazhimiloududndaly degeau Wlosdsgnanuuingin 1x1xi gavnaiiung 1y
1x1x1 gnunarsiadiuns auiRvesadisenagindhiiuduunuannniin usiegndeuunadluds
1x1x1 grurAfuitumns duduszduuly sudRvesamsasiasulveg s aiou nnisalil
AT il es9nansENUNIIATaUR (quantum effects) @ailiianiUa gunUasainy
MUMLUYBIAN TUZTaSAATT SN TN ITRNS AT L LT AR o UM DE9LMIATa Tadanaste
auUfivesaanstunays su wu Mmsunlniy yanaeumad uazautavisulman Uagtueuna

wilulgsuuanuaulalunisldnuluaiveingg wu 3anenseauliena Wand widuniduazed

a 6 G4 a 5 o [ ¥ L I aa o
N3 N1sunng waginermans g Wudu [47] lngauniaunlugndneglusyuudinn (Low-

'
faa =

dimensional system: LDSs) Mifinsuudoanidy auelia niadfuayaedis

A o Qll

1) TaqualuAudiia (Zero dimension: 0D) ApJanndivu1Ad1nd1 100 UluATNS 3

q

o A

7 Wuagnillassaiiulunsinay v syniawilulang ogrsmesruaziiu ounin

)

A Wy AauRunen kavaynIneenlen wu lnnuleulneenlyd

A o Ql'

2) Fanunlunilsdid (One dimension: 1D) AeTanninilaliAnivuinuinndt 100 wily
WAS A819bAKA nanowires, nanotubes way nanorods WU viaUlUANSUBY
(carbon nanotubes), L@ualnuludanau (silicon nanowires) wazid@ulaulugen

aanlwa (zinc oxide nanorods)
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aada !

3) Jaquiluaesdld (Two dimension: 2D) AaanfidlaeslAndvuiauinndd 100 wily

q

LIRS WU WNUASNUNS (Thin films), uduns 1Y (Graphene) wazlududdulagalg

(MoS,)
uanand Yanuiludsanmsautsmuandinslui wu Wuauiludi Asini uas
Tavgthlih Tanuiluawiuliih wu nnudedlasenled Jedeenled waverglitlensanlyn Ll

arunsainliinlaidesainfidesinandanu (band gap) nie Jaawmaiddsgnirluldluau

wanuay |y AITIURATeN NsNUndsu waznsidndsnnae

oD 1D 2D
Diameter <10 nm Diameter 10-100 nm Thickness <100 nm
LN
:,.

Spheres, Cluster, Dots Wires, Rods, Tubes Sheets, Platelets, Films

JUN 2.12 Ipseasans ldmsunisdwunussunnusiasiin [47]

N5aATUIAVBRUNAIURTEAUWITEAE RN ATIENT 1AL NI TR UT NS

a = = o a  a v Ao " o § Y o A 1 a a v
gudawTeuisuivianuiiaderduidvunlngnit il uaneneuiogusiuRmings
danalidanuaudAnlaniey W n15sansiinliseamisaduunuiy Anuausalunisi
Il Audumunisianseu siudiuendnualniaias ddegrdlaneAdennunldlusuves

aunAUIlY taua nesdn (Au), uwaiidy (PY), Ju (Ag) uavlavenauaug

2.3.1 nsdaaszvieyniauniulane

=

sAvarnvanglunmsduasizieuniauilulave Fsaunsautssandu 2 Ussinvvan

Toun Amsduaszianiugluian (Top-down) wagisarniantulug (Bottom-up) fauandlu
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'
[y a

- ] Y aaa ¥ = Y Y 1
JUN 2.13 anuuandneseninavisaesishedansuiuluniswisueuniaseauuly Taguuintng
T dudansuduluasnsaniugludn vuinveseuninazgnyilvidnassuisseauululag
=~ Aax < ' o = Y
nszUIUNIINIINIenIwasiall luvaeiisnisandnlulngsvldesneunsoluanaduiag

a v o Y a v @ [ L s [
LiﬂJG]‘L!‘V]WIWLﬂﬂﬂ’ﬁS’JﬂJWJﬂULﬂUQGWL@@iLLﬁ%BHﬂ’WﬂiS@Uu’ﬂu (48]

¥
%
9 /

P ,“"’%é// 0 ds
4

@
BOTTOM UP METHOD e®
e o

JUN 2.13 pwaanvesisnisduasteeunautukuulvgludnuazdntulng [49]

1. Mmsduasziainlugluian (Top-down)
Wikdumsiluianuuialnydsusdandusynauuiauiiu lnenszuiuns
AR WU wen Aanseunsetesativiiey g aunsenslalassaiiefiegluseduunly Fanmsesey

[y

AUNAYLAUTIUTLTUR Y TUYLINVRI THA S UAULAZN SFUIUNITNNNIEAMYTBLAT ILANFT 91U

a

[50] sndapE Ty TiRzadanIonsUng o ingeieg Mnifvualuglidnasdaduiss
annsanuiuldludinuszsnfu vionsliudaseiaiidang Fnsdauasevmaniidanady
Aendastunisliusadanadng daaloymaiinnadesy nsuanvesdiunanuazn1sdoudy
Yo [51]

T. Iwasaki tazany [52] luisn1slduisenaiiidanasauiunisanaznausiy
Tunsdansigioyniauluwiingn Fes0, Tnensdansgiisuainazats 1.5 fadluavounes
Sadauiauay 3.0 fadluavesasneaslsflumandu 60 fadans Mntuduamsavanslndenls

Asanlen 30 adans 8nsINsANegN 3.0 Taddnsdeunyl ansararedina1igniuniudienies
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JumuuiménangldufaesneuiielfiAinnisnnazneustsasinane szninsnsniouans
uviuaee gamafignauauliiindi 5°C iledostunisiAnmlessalansenlusuazinolnd (o-
FeOOH) ansuviuaseiinisulagninaslumvuzatnuaafdidusiiugudnans 90 fadiuns
A3 500 Hadans lnsdlanueaaunuaavuin 3.2 dadwns [Wdmsunisun anvuzgnianin
wagvsuiinda 35 seudeunit meldgamnianeluil 2C ndminmsun agneugninefaei
nduuazduuendisaigs 3000 seuseundt nszuaunIsdregnIen 3 ads arnduriliuidy
ananafigamgil 30°C Wuan 5 $alus azneudlldihluasatendnuaife XRD figui 2.14
Wisuiisuiendnuain1ananveeyn Ao tIAYMdINISUA NUIMAIRINMTRINAIUN a-
FeOOH Angmely uaziiaingves Fe;0, RUTU LazNanITATIE EDS Sauansliidiudn

dodrueznonveananuazeandauluiieglnalAssiuamimguives Fe;O,

(©)
L
S,
2/ (b)
5
I
(a)
magnetite
| I J. J J ! L T |
goethite

P T AR e L L Ly

L L | L
10 .20 30 40+ 50 ~60 70 80
26 [deg]

gﬂﬁ 2.14 U XRD voeHANauNAuIlMIWEAN Fe,0;, (a) Neuuazndniinisua (b) 6 uae
(@9 SR LLazLaﬂﬁﬂwajmﬁﬂmmgmﬁuaa magnetite (ASTM card #11-614) wag goethite
(ASTM card #3-249) [52]

WaNIINT NTIATIZNA SEM wanasaguil 2.15 iiudneyniadvuadszana 10
wiluns FdlnalAesiuafidwinladaingnsves Scherrer 1 10.2 unluiuns dsiluansliliugi

aunauly Fe,0, idanulundnasaunsoduasevilalaglidedldanuiou faudinaziy
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A o LS (% ! o = « dy d'
ﬂi%U?Uﬂ’]iVN']EJIUﬂ’]iﬁQLﬂi?%ﬂ@‘k}ﬂﬁﬂi%@‘UUﬂu LLG]ﬂ'ﬁﬂ’]UﬂULi@\‘ﬁJ@\‘iﬂ’]i‘UULﬂE]u%ll'm']ﬂ

=2 PN v A & !
NITUIUNTUATINONISYSLIAMYTIUIUNINADINTIVUINDUNIANLANAIN 20 unlulums [53]

g‘th“/'i 2,15 5UNW SEM v83eunauluuwsiian Fe.0, Mhmsuaduna 12 9l [52)

2. msduasiziananiulng) (Bottom-up)

nsdaasziouniruiulagliiBandantdlngtuneanunissindivesesney
luana wisaunavuanan lwisddiudsznaviiilulassasauiluresoynauiludznadfiaty

nouudFsssnouddie fuuanduoyniauluduaaine TneisAdeudenisldnssuiunis
Iindunaed SesiRauiiteman 2 funeude

1) n15kans3nag wu lulslaleasa nsawameastn nsa@asn penenan Indeea
elasiauasoenlasiasdalid Wudy answarianinselisdnasouiiondlossuvoslans
‘LﬁﬂmaLﬂuiamﬁﬁLasuaaﬂ%m%’ulﬂu@ué Fawansluaiinisd (2.1) nsnalnindinduveslans
FrunsALeanssin lauisuanNnIALoaAason (CsHsOy) Aaniseandintulusgluslveining
lelasuwaamasin (CgHOy) ?fqﬁﬂﬁiwqmaaﬂﬁummsmamms@Lﬁﬂmau souniloluszuuilosou

a

lang (MY leseudinanasiianissudidnasewnsegnidluidulangyszqaud (M°) [54]

Y

CeHgOg < CeHeOs  + 2H" + 2¢
M* + e - MO (2.1)
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2) MsanssnadesnIn wu lnsleneudwsalalowse aunusdamas awnus
Noanasa Inawes arsanussmann (W wialaswiakeuluisuluslud CTAB) wWudu [55] @4
a1swalyiloun 1A IR LTINEN TENI19RUN A WURNUTERUUNURITINATDIAIY

ngngamasuaululansdiadesnmunty dnsnseanediludinaanadulazannissiue

AUIURNHENBU [56]

232 a‘lémﬂu'ﬂuiawz (Metal nanoparticles)

Tavedinsena Wy vesdn Ruwazuwanity deudmaduesziilueynauiluiionin

[ 1 [~ a ! & v a va a I = o 1 aaa
aunaulunsnamliiduivdenywd wazddinuaudiniaanudadvsglovilunissuiite
nsldulugluvuaedindnuagldnulugluuuduwes madonisnisdanseieyniauly
TanzilaudAgo19uin iesannlunszuiun1snslunnsduasz a1 WU 9aunaf1anIves

6 (% (% a

Ufnsensenindlesauvedans fuaissind nszurunisgaduvesassnviatissninduaynian

& 1 [ ]

lulany wazmadan1TduATISNAIY Sudinaogundeduguinet (A sw@inauwazuuin)

¢ aaal

ANUEDET LazAnantAnualiidnd Bulitusgunsvatlunsdunsiziouniaunlupe

'
6 A

WmsTandumaaiividumsdansneiuuy Bottom-up dadlumsidanssmdimiailasuaniuy
voilaosulaneilulanginaudaud FsifeultidoinainisaniunnuaLassUsveseynA

ylulede [57]

2.3.2.1 Midansneounieunlulans

X. Fu uagame (58] levinnsfnyssdvsamvesiagdeUsenevunlulavenay
AuPtRu Tun1saenedyeunisesaaiadsiiduadvedusiunsenlvausufu-1 taziuSouiiisy
UszAnsamianlelsenevuilulavenauviinnie lnen1sduaseniandalsenovunlulans
el AUPtRU 15 191NN 1SWE RuCl; (0.9 Tadans, 20 Aadluasodans), HAUCl, 5% (53.2
TulAsans), H,PtCL 5% (88.4 lulasans) Gednsiduluavelansindu 1: 1: 1 wag Pluronic
F127 (0.01 n$u) leludnines sniuros Wunsaueanasdn (0.3 fiadans, 0.4 luasedns) as
Tluvauzdivihnstiuniuasfeanuss 800 seusioundt figamgil 4°C unan 3 $alug vhns
&gansmnéng Fensthlumusilsuasinsenuads mnfunzneutandssznauuTulavesa
AuPtRu fildhlunszaneluthnduuiues 500 lulasans Yandeusznouuilulavesan AuPt,

AuRu, k8¢ PtRu andaaTeilagliisimeniu lngunun arsasmulansviiasinemetingu
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Tasaa$1s 5US19 uazvunveseymAuily AuPtRu gniins1zsilag FE-SEM (3U7
2.16A-D) Bauandliiiiuin Yandeusznouwlulavignan AuPtRu TlassadadunsanauGosi
fufudnunziduiiinisnszaeivesinegvasiane Adnddmldifiodusunsdaunsey
LAzAMLETETYB AUPtRU NPs U7 2.16F uandliiiiiuinnisdauasizsi AuPtRu NPs silvifa
mMswdsuulasdndliihidanuidienSoudisuiudngluiiiues AuNPs, PINPs, wag AuPt NPs
éTfﬂmiLﬁwﬁmemé’uyiiﬁmaﬁﬂﬁw%ﬁaﬁammLaﬁaiﬁuaﬁaﬂﬁﬁﬁu A1duYTaIvee APt NPs
andlavsifeaiidunsgidu wasaduysaives AuPtRU genth AuPt & nnI9iRL Ru Ut
Ru ansnsadisauadeslreuniauiulangld deanniiu AuPtRu NPs TvhnsAnuifiuiu
shensiUTeuifisuaiRnsssfATeivesounin AuPtRu NPs Auaynalansnanviindueg

(AUuPt, AURU, Wag PtRU) 9INASINAINEURUSNTuA-1a7 (-t curve) JUT 2.16F uansliliugi

a A

9111A AUPtRU NPs fiaudfnsiselfiseniivdeniteuniaulunausiindus aunsoaguledn

aaa a ¥ 4

Ru fipyauanunsalunisyisiiuaissnimuasdsldsugaslunisis suisendnds andeya

Y

AenamUiusnieauUIzdUATIEIalunIsdLaATIE AuPtRU NPs fiflaudfnasissufAzenna

B BT R g TR

t— Pt NPs
AuPt NPs
= AuPtRu NPs

Current / pA

0 7 r v v T v v
. d -60 -40 -20 0 20 20 40 60 80 100
‘-_ P ] Zeta Potential / mV Time / Sec

Ul 2.16 (A-B) 3U FE-SEM uaz (C-D) 3U TEM wosTanBsusznouuilulanzesau AuPtRu (E) A

u

v 6

AndTm1uaa AUNPs, PtNPs, AuPt NPs kag AuPtRu NPs (F) Anudunusnsewna-13an (i-t Curve)
Y94 (a) AuPt (b) AuRu (c) RuPt wag (d) AuPtRu [58]
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U 3

S.W. Kang wazan [59] ladnwigdunsieriandausenavunlulanenay
AuePdPt sliaunuden fiflassarsunusymanesmgunsautaviuaziudenidulavenas
Pd-Pt wuulAssa1evudy (Au,.@PdPt NPs) ?z’fqaymﬂuﬂuﬁlﬁl,t,amﬂizaw%mwmNIWW’]Lﬂﬁﬁ
MdealunisssufAsereendinduvesamiuea Wewlsududussujiserdun Tunszurunis
FAs18% Auy@PdPt NPs T lalaeinaisazats 1 1adans 109 HAUCL,, K,PdCl,, taz
KPtCl, 7f8hndau 1:1:1 asluansazans 5 Gadans vea CTAC (cetyltrimethylammonium
chloride) Intuvinsifsasazanensaueanastn 100 fadluaredns Uuas 50 lulasdns
wamhnsgung niniSusvarsazaiglensdu 50 lulasans islilavegnifadannty
wazihansazanefildlulirnuseulumaudigaumail 95°C w150 unit ansazanedilsagiily
mgum’dismﬁ 11,000 soUfRUAT 1Tua7 5 1T @a1uAse Ll pdAITANAN90en dMSUNNS
duameiianifessnouuhilavenauildnuasnina (Aug,@PdPt NPs) SsTlndiAss U3
NOUNTILALIINNISIAITAITazany HAUC /K PACL/KPECle 531U CTAC iNegegnaiealagly
Tas3mdiiiad Wy weareitnuaylansduiaslvianufeulumeuit 95°C unu 48 Hlus 39
Tnanduasginunni

mﬂgﬂﬁ 2.17a ag b hd@aInIn SEM ey TEM 999 Auq@PdPt NPs ﬁLLamﬂﬁ
i andsgnevuilulavsnauiivineilndifosiu lnsanugindgveweuayniai inld
910N TEM A 61.0 % 1.3 Uluaing vaizin1uenadgvesinuetd 38.3 + 3.8 wilumns
uazANAvLUeNdenayil 13.6 & 1.6 uiluies danluawens Ui 2.47b Wae ¢ Budui
oynefidnwazunuiugunsudevinaswdendisidnuazidusy nw HRTEM seneliiiiiuds
audundnievesdon Pd-Pt eflsvee d-spacing 0.22 uiluiuns Feadenndasiuszuny
(111) veslnseairy face-centered cubic (fec) vaslavznan Pd-Pt (Uil 2.17d) msinawnlnga
Tal$adlonduuunsyatondsanu (EDS) uas HAADF-STEM THilalminlanisnszarefuesusiay
osdusznavlutandstsznauuilulavgnauldiBelu duaniguil 2.7 nviagu EDS mapping

(5U# 2.17) SaredudulassaiinisisesnvesusazaunialavzuuuLnu-iUaen
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Distance / nm

gﬂﬁ 2.17 dyguine1vesianausynauuilulavenan Au,.@PdPt NPs (a) SEM, (b) TEM,

uay (¢) HRTEM (d) Junene HRTEM Tuuihanseufimaeslu (o) (6) 3U HAADF-STEM waz (P
HAADF-STEM-DES element mapping [59]

I1nn15vageunginssunibiinadludfAsureendindurewuniueaves
Auy@PdPt LﬁaLU'%EJ‘ULﬁauﬁuéﬁ’uﬁ'qﬂﬁﬁ?mﬁm W1 Au,,,@PdPt NPs, dendritic Pd-Pt alloy
NPs, and a commercial Pt/C mﬂgﬂﬁ 2.18 uansna CV. nsiinunseneaninduveauniues
flFnndsaisenee wandiffiudnunzianereiiseroonfndureuumuearislugis
saunuluteiiuadoundu sanisaretagnilidunsgiulaedrdsiuiuiiiovesiase
UfAsenfianansaiinufisemasliiinadld (ECSA) Fsdumannisiauszqgasufitinan
n3zUIUN1T NMswendieanvaslalasiau neldnislddassuisenluansazaie HCLO, A
Wudu 0.1 luanedns nN1sNuIN Auya@PdPt NPs ﬁﬂizﬁw%mwmsLi'qqqﬂdwm‘gmﬂuﬂmﬁmﬁ'u
pg1eau Tnsanunuiuiuvesnsenadiind ugenirfamdssenavululanenanvsainan

Au@PdPt, aunAlanenay Pd-Pt WuuvuMas PY/C 3 2.7, 3.9, uag 5.2 winudiu Fauansli
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< ' A a a ] = 1 1 a a '
mu’nm\gmﬂuﬂuwm‘[amwam 3 “U“Ll@LLa331]3'1\‘171ENE)HJ’I’]ﬂllNaE)EJWﬂuﬂﬂﬁ@ﬂigﬁﬂﬁﬂWWﬁLUﬂﬁiLiﬂ

Uiisen
a) » 5]~ Auc@PdPt NPs
51— Ausn@PdPt NPs
1— Dendritic Pd-Pt alloy NPs
204{—PUC /\
o ] [}
£ 154 [
S |
< 10-
E B
- 051
0.0
-0.5 T N | . T Nl v T v T v T
-0.2 0.0 0.2 04 06 0.8 1.0
E 1V (vs. Ag/AgCl)
UM 2.18 €V m3aiiadfiseneandiaduues 0.5 Wanaans wniuealu 0.1 Tuasiodns HCLO, vo9

W3U AT HeR19 NERsIMTARAN 50 Hagliana ui [59]

e €

2.3.2.2 N1581ATILNAWITNTTANTUMM AN AaAduAugslunsY e
MUfisen (Ultrasonic-driven chemical reduction method)

”Lumsmumim%'ﬂ?{mﬁmmmﬁga denalwiiiin acoustic cavitation iy
SNvaslAuYesIsT wednisAnneteanid, n1seeea, LAZNITHUAIDY1ITULIIVD
vpsonaluveananonnaduidesiislnnudigs minszvuvesndudssnnuigsluvoavan
WnliAneaurgeitazsnidusisu Seiliiannosenauagyitliwesornamaniuduuay
1n158519ANUALLAEANINTOUEY TITIRUNIABYNATATE WU e, H', HO', HO,', OH, HsO*,
H,, waz H,0O, [60]

L. Wang uagang [61] lawaudsnsduaseiiandaUsenavunlulanenay
AuPdPt Tneldmealhiialndlsalau (PVP) Wuanssnwiaiosanuazldinainnsssndunanild

o =

a1feAfuaudgdlun1stieu]iTen msduaseiisuannisiaieuasagateniu 9.0

=

Ja8ans Yeusznaunie 20 Jaaluaseans HAUCL, (2.5 dadans), 20 dadluanedns Na,PdCl,
(2.5 addans), 20 Naaluanedns KPtCl, (2.5 §iadans) way PVP (0.1 A5u) 91nuudnansazans
nsnukearosin 0.4 luadedns Ysuns 1 daddns adllegsmindineldnisliindudesrnuias

MIAUTaUa1IA R UgA18989 HAUCL, Nay,PdCl, wag KPtCl, #g#l 0.05 dadluawviniu
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ndrnsiunsliedudesmuigaiunm 5 wit dunaugnaeisly 6 Falusiigamniivies e
AsunawAnfuriflddludumisd 10,000 seusowlunan 20 wid antudisans pvp 7
pndnsoondientsdauariiusieddn 2 afs agneuildinlunszanefidnaddluinduuey
vinsAnwendnualianizguaimain TEM (U4 2.19a wag b) uananmassoyninuilud
FupseitudsnszaedaldfiluennansinandiidnuasglasadrunTuwuuruanudd ns
IATINDIAUTENOUTINUAZNNINTEANEFvas I lulassaseuly gnianldlunisnsiaaeuTan
Fausznovuilulanenay eaesnsiesziuandiifuioynauiluildidulaseadanudy
Usznousununesd duluvadluden uazduivdenuanvesunaditudnumzau (GUA 2.19¢-H
uananil malesgesiusznousauandiiuindndause AuPd/pt gl 1:1:1 Jamsafiu
sdUsznavluasaraedafu uandliiiuinatsdsenavlansiamingnifadogisauysaide

asarangnIaLeanesun

Au
) rh.,].) “Pd
3 ; M“I '(Nl "
© M .,N
&0 nm 0nm Dlstance 45 nm

JUN 2.19 5UAm TEM (a) wuvawimaing (b) wuuausiinued Aue@Pde@Pt Junmnisiiasien
23AUTENBUTDI579 (C) Au (d) Pd uae (e) Pt wag (f) Lanin13NIEAefIveIE IR luouNIAUILLN

& = v & a Ao =
QﬂLﬁ@ﬂm']llﬂi@'UsLueﬂ']W b "?NLLﬁ@QlWLWUiqﬂagL@U@?J@Qﬁ’]ﬂﬂﬂ@%lu@uﬂ’]ﬂLﬂU’J [61]
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Y & !

AN TEM Aduazidengs (3UN 2.20A1-2) wandlviliudneuniaunluiilasaasng

q

[y

uiidonleatulufianiasneg auedl d-spacing ﬁuaaLé’umauﬁaqamﬂuiu%’jumﬁaﬂsuaﬂ Pt A
Wiy 0.23 unluiing Fanssfuszuny (111) veslasaains Pt fec wandliifiuinoyniaunly
AuPdPt gndnaseilddsadeBnsdunmeiuuutuneuieluasazats PVP figumniivies
N1931A518% XRD wuddanleusgnauvunlulanegnay AuPdPt dlassasnandnuuy face-
centered cubic (fcc) é?faLLamﬂﬁLﬁuﬁqqmﬁﬂﬁé’mﬁuﬁ‘ﬁuW\Ia (111), (200), (220), wag (311)
iosainanulinssiuvesuandia (lattice mismatch) 7 0.77% @1m$u Pt-Pd uaz 4.08%
dmsu Pt-Au vilvinsugnanfinves Pt uag Pd virlaenluguuuy XRD wigafinves Au uay
Pt-Pd anusauenueglidaiou (Uil 2.208) dwfunsmadeunininssumaliiinuesianids
Usznavululavignay AuPdPt LasniswSeuiieuiveyniaunluy AuPt kae Pt lngvinisindau
GCE Avaupauluiidauasgilutzina 6.0 lulasndy wdarvdesliuvs annduiadeudae
Nafion fiaufiagrnisnnasendlwily sanisnaasiuandliiiiuin AuePdePt dainszualyiii
Tumsiinujiseeandnduvsaismiuea ogi 1.02 Iaduendsiemsnsmuiuns §9gani1 AuPt
Lag Pt 8¢ 1.5 LAy 1.6 11110UA1AY Us8ii1¥andeUsenavunlulavenan AuPdPt uana

woAnssUmTAnTUgAeNgeneun1auily AuPt wag Pt

wg"
¥

— Au(it1)

™ PLPd(i11)

Intensity / a.u.
— Au(200)
™ Pt,Pd(200)
~ PLPA(3M)

N . N N "
60 90 0.0 0.3 0.6 0.9
20 / degree E/V vs Ag/AgCl

%
gﬂﬁ 2.20 (A1) HR-TEM 983 AuPdPt (A2) mwmmau‘%nmﬁﬁaaﬁm?{wgﬂ A1 (B) XRD waz (O) CV
YaianTaUsEnavululavenal AuPdPt (FudLA) AuPt (WudWen) uag Pt (Fududw) negld

1 lwasedns wWynuea 1 0.5 luanadns nsndansn [61]
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2.3.2.3 guvansluihveseyniaunlulang (Electrical properties)

Wevwnvesinggndoauagluszauunluwns agviliaudinialiiivesTaniu
wWaguulasluanidu fegradu 2eastiihiietudndudesduluaiungueddesiu (Ohm's
law) FenvumanuduRussErIneansewa bl (1), wsaedeulnii (V) wazanuaiuniului (R)
Tunsiliiisedvund nssualiiiedeuiiniudeilniregssiaiios wilussduuily
didnnsouazliaunsaindeuiognedassladnaaly Wasninisdrinvuinveslasasiede
Paau JanseavwilunUszsinnazdedateenddifininieaniigndi in Sidnnseudssies

a A = v a = & da o w = o | ¢
\ndeunnerneunilsludiBnesneunialununfignindn Gailudusngnisel quantum
confinement w3an1sfindenleudu duwabiaudfinisiivesigaisuwdadluaniulag
2 a o w A a &£ v v ! & Aa ' a i =3 O
A9 YaNINNITINNRVLIATIARTULE SN TEIUN LIRS InsNasulueymaunlud Ly

UadudrdnBnusznisuilifidmadoautinisiiliiy Wesuniadvuindnas 91uiueznauiiog

¢ &

3
] =

UUAIY90UNAI T AREINE WU F9aINAlTBIaNAToRTININNINOY UL LR Bidnnasoumaiil

a &

ansadlufduiusivaidnaseunegindifguaviadouilaiie dwalinisdiglouuszqlni
it wegedidsednsanuind ulueyatauilulavy (621 lulanzvuialvg wounisun
(Conduction band) Ue4BLaNATEUILNAIINNNTTINAIVOITLAUNAWIUTGBLTDINY WaLllavue

o w 1

vodlavizanad ilvidunduveBidnnsousitenasgnadinn dwabissaudundiuagg weneen

INAUBLITALIU AAENUTASIAS 1NN UTD MDA T3 trantAnieliivadanzuilu

deuuanansantanslussiuninaindnedstnry (5Un 2.21) [63]

&

! §

LUMO —
Forbidden bandgap :
HOMO —
Energy
Atom ——
Molecule
Cluster
Nanoparticle

Semiconductor Metal

JUN 2.21 anmedidnvselindvedlangluvwinsineg [63]
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2.3.3 SAadnsnilueenlun (Reduced graphene oxide, RGO)

517U (Graphene) fauruesueuaesfiifiusznoufuosRoNATUOULUY sp? TIaAEes
slulassadnsadagunnivasumiloussils Tnowunsfududendammuniios 0,335 wily
LR ﬂiﬁ\lummima&ﬂugﬂLLUUGZ'?uLﬁm (mono-layer), Gﬁguﬁj (double-layer), n¥ovatstu
(multi-layer) wﬁﬂugﬂLLUUﬂJaaﬂw’?\Iuﬁﬁwﬁ%ﬁa@uﬁuﬁﬁuaﬂﬂswﬂu lawn A3l (Graphite),
nsflueenlys (Graphene Oxide, GO) wagsagns Wueenlen (Reduced Graphene Oxide,
RGO) lnelA39a319704 graphite, GO Wag RGO Qmmmﬁ'ﬂgﬂﬁ 2.22 91n3UaLiiudn Graphite 92
flassaaduduidosfoutu uandevinisesndindutsiun miluazgnuenssnaniuduusi

U AanmWuNsEUINMIIMdmenilulasiainasiinisgniiume vyl dusingeg

>~ :
ST COOH
S 3= \
: 1. If"*v‘I I/ 1
e ! |
Y YA .
4 12 Oxidation Reduction
xlf.z_t/ @ > —— —_—
1L - I
1 g A o | I
LTS T\
3T y00
A B< o
V==
Graphite GO RGO

gﬂﬁ 2.22 1A3365°9994 Graphite, GO lag RGO

[ |

o [ & &) v ¢ = aa ° d' = va a a
#1115y RGO uumuaqwuﬁmmmw\lwmmmmﬁmamwmLummﬂmmamwwmww

)

=

laawy F4innlATIETILAzFUNTIANIZAY RGO Adnsa1uNunifeUTIATaeLaraIunse

a aaa

AaufAgeamateguuuuiuluienadug wu UAATeN o stacking, dfAzenluiinain, uay
UjAselalasindn vialk RGO 1utaniddnanmgslunisusygndldonludusieg
lulowwwes [64], duseufizen [65], wazgunsaliiunasany [66] WONANE RGO aflunum
ddnflumsuuussaaiandanslnt vilvisuduittesluiumstanmeluladdidnmsednd
warndany WosnnamsmilUlunsiuiuiiadmsumsdualuanaviodiumsnielou

a 1% 1 = a a
dianmseulaegadiusz@nsan

2.3.3.1 N1589LA51¥% RGO

GO Wuasnsdundrralunisuan RGO 1ne GO launanniseendladnsilug
Feisn1snfienldunigalunisndn GO annslWAAIsves Hummers [67,68] LliasaniAl1x

Feudtg ansaviilanduuealddie daqldienligunn wazdanulululinasndsnluuzunn
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10 Fanszvaunisesndinduifimsusuusafisduldmnzannuaudeddauldvainvane
Tnsitugruasiendestumsliaseandladuianig q wasinlinsafifnnududugdugungii
Aoutnags musenslirauamigedansileindlunseendiadu iteifiunguoondiauilaidy
wean1s 9 Wildlulassasnewes GO wu lensenda (-OH), Arsueiia (-C=0), A1susnda (-
COOH), wazdwanlun %awgﬂqﬁ%’ul,wdwﬁamiaammaﬁzazﬁﬁqixmdwq%uﬂiwﬁuLLazi’]aqﬁ’umi
Sosdeuvestunmiluiiosninuiisen van der Waals

N153ANTUYRY GO A1UITALAAKIUNAIUNTEUIUNITIYY 1) N19AIUTOU
(Thermal reduction) 2) 1awdl (Chemical reduction) 3) n1sdaAsIziuLLATiazen (Green
synthesis) waz 4) nasldlalasnnigaslunisiendu (Microwave-assisted reduction) eazvili
Aansiidangueendruifsdduuealulaseaiie GO senluisdiu tazdieiiudulassadg
AISUBU sp° LﬁﬂmiﬂaugLﬂmaaﬁ1,5ﬂmauﬂwluimaa%’ﬂﬂﬁmm%yu FepnuLANAaTiddy
5¥w719 GO uay RGO snannisdeguainguoendioutladtuneafiunndaiunals RGO 3

AasanUAn sdallinuazauseunaTuLarantnsauldlugunsalsngg laegaiiussdvsnn

1) NN5INNTUNIIANSDU (Thermal reduction)
Jwasnldauseugrlunismaisnquilsidusenduniedlulasiasiaves GO
Lﬁﬁ%ﬁugmﬁﬁﬂﬁsﬁw%mwLﬁawWﬂmmsam‘u@umm%@uﬁl%léf@&hnLLzJ'us‘h ASTUIUNISHNANY
a Y £ aNa & U quj/ :.Nyq./ 2 a & £
ANULED I5baEEIUIIAIINANS A5 AT LT LT UASIELANIT 99 DIRAITUATUE 99999015 W
NN TUTIEPIDVEHARDAUNUNINGR BNviserBslisyazIamenIuIunINNALALY
H.-H. Huang wagam [69] Anwiagidemaginumsiuagunlautielasiasnues
aa 4 ¥ aa 7 1 = di’l v v v
N33R GO MEIEnIAuTou sl anwie lag RGO grinseutiugan nishianuseumien,
Inlfigamali 200 ssrngadua Tumnasusalawnai Tnefnwiiian 0.5, 1, 2, 4, 6, 8, wag 10
37114 198 RGO Mlaasidnuwaustduninenouas wlun1smeasdsdnainf 0.5 way 1 9719
| o a o ala o 1 ) ' & Ao av v °
wudrasdansiinisnseanegmaiftuinlidnisdunguuaranaznau nuunzneudnlagnualy
ns0dayINAkasylARALiiavinNsaTINenanualsialuaIe XPS deandluguil 2.23 a-b
WUINAPNITUVDIAYYI8d Cls MBS LWUTU TUTUEAAUINIDIF YY1 Ols anadniu
Ay v oA a X a Y @ a & '
S2eIAINTIANTUILNLYY warlugui 2.23 ¢ wudiiusy C-C fanaafesnannnssuiunisl ua
Wusy C MWeusanunquilaiduniieandiauanas Fuililunudiudsenauves C-C (sp? uay

sp°) WiLTU WWoreanTauanadniasignil 14.7% lasumiin ludiage RGO N3anduuiu 10
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Falus; o 90l 1enauves C-O/C-OH Nanawndendanuiu Fausuanitiuse C-OH 10

£
v o w

1 & v a d' A (= o oA ) v A o LY v o
ﬂﬁqllﬁﬂﬂ‘?ﬁ!@’e]ﬂGULﬁ]u‘V]ma@’EJQLU‘NMaﬂ Fanouinding A lunsAruAsEAUYBINITIANTU

o

(a) — Raw| ! o ! CL—E (b) |~ Graphite| /An' Cls ] (C)

E ‘ —) S— ol ‘-Oat.%,
GO ] GO 7
5 h— L1 ] 3 ¢ 3 *1 ”
S [~ : N .
> F l | 3 > F X
-— e 1 = —
.F) - 1 L L i g - 1 1 i - ©
c ] 4h ]
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T— l = AW L | 0
E L L ] 3 L " W ire i e Graphite GO RGO
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gﬂﬁ 2.23 XPS @iUnndu a) way b) Cls aunmsuwed raw graphite, GO, RGO i 2, 4 uaz 10

Tl ey o) Usmueandaunienduusanslulassedisnnainsanndumie [69]

2) AN53ANTFUNILAL (Chemical reduction)

Dunsgvaumsmaadildansindlunisasmyfed Sululasaasne Go e
Wiy RGO Tnpansasnduililunssurunisisiniluaisiaiitaiansainnislibidnnseuiu
GO ¢ frwgraiu Hydrazine [70,71], Sodium borohydride [72], Hydroquinone [73], uag
ansazanataduty 741 Tagisnnsidinnudigwassiadluniswand oisufuissu uas
ausnanUiiineenduiliiuueasanainlassaiiineg9ivse@nsam udsaunsaniuny
anmzmaiauiizenls bivedusumgiiviennudiiumesansiall vilwild RGO Aflaunw
wazasiaue wilumenduiunismisisd@sedndusunsglunnsldmuiiosnnaisndilalu
mMs3fnduduansfidenuiduiivgs 8198 madeguaiwve sy Ualsmnlifinisdnnnsedag
WTE

S. Park wagmAmiy [75] la3LAT1EvlATIas1amnaafived GO way RGO laaly
wadaaninsalndan1izuds (Solid-State Nuclear Magnetic Resonance, SSNMR) RGO gn
wisnldannnsiii Hydrazine monohydrate 7iUsunas 1 lulasansse 3 unaes GO wazdadu
muft 80 asmwaduaduna 1 Yu Fadletharssnanlunsaendneaise SSNMR wuda Tu
AUNATIYeY GO (3UA 2.248) wudiafidiumis 193 ppm Faduiiaidusiusiungualn Aeg

U3V UVBAUNT Y Wandaniiinisiidlagld Hydrazine Tugun 2.24b wudiiiafl 193
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ppm Mgl Beuanatanisildsunvadulasiairamaaiinveureasuns iy n1svaaeafiuds
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Maaived GO astiunsasuwdasinuiadunaunannsidleas@ulunissaig GO
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200 150 100 50
13C chemical shift (p.p.m.)

5Ufl 2.24 SSNMR alnadiaied a) GO waw b) RGO [75]

dwsunalnnissandumeiaiiawisaesutelasiazun 2.25 nalnmsinufiszen

Senduves GO neldnasld Hydrazine Wuas3aad Ine hydrazine azvihmihiilunsidanswes
naw epoxide fiflaguuitufinnes 6O siliAnnsdnFesialulmelulasiasnswes GO deuali
ImLaqamaﬁgﬂwqmaﬂmﬂimqa%ﬁ@ waz hydrazine asiUaeuain N, Ty NoH, 1Wuansii
mmlﬂumsLﬁmﬂﬁﬁ%mmmﬁu wdntaziAinnnsanSesilvalulessadie NoH, %Qmmuﬁ
Feuszaasuau(C=C) dmalilasiadanduuadosuagfiunuandinisliinldundy
hydrazine Yiufisewaiiosiunduiladdusandiaudu 1 vuiiuintes GO wu nduansuendan

o

(Carboxylic), lensen@a (Hydroxyl), kag A1suaila (Carbonyl) vliAnnissanduseiiles dwa

Y a [

Wivsunaueendaululasiadnawes GO anas Jsluignazlandndnindu RGO [76] Tofvainis
AaUgAserunsldedl awnseangumgdnldillarisuiunisiandunisaiusou anvieds
ausalsvaunusuunisnanladie unedrslsiaunisldaisiadidudunsieaiuisad

HansEnUsguAmLardslndeulausieiu
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H,N—NH,

+Hydrazine
—
Stirring at

80°C for 12 hr.

o

JUN 2.25 nalnnsiiaiinufisendanduved GO Taeld Hydrazine \Uuans3nad

3) MIduATIERLULLRIEY 10 (Green synthesis)

& aa PR Y] =~ = a e 1 o a
L‘Uu’]ﬁﬂqﬁﬂiﬂfﬁqiﬁﬂ@QWﬂW“U‘VﬁE)ﬁ’]i@u‘V]iU'E]u ]l LU @3ENAINAVIVY [77],

v a o

NuReaTE (781, 34 [79], WS a139InT ey 9 [80] 1Uudu %a%gﬂﬁwmﬂkﬁlﬂumimﬂ%’mmu
astedinidudy msmd'\‘ﬁ”ﬂﬁmiéf’ma%aﬁaiwmﬁﬁimqaﬁmmsaawyjﬂaﬁ%’uaaﬂ%wuuu
GO l¥inang RGO

S. Rattan wazAne [81] inasfinwignislmilunisannisldanssunselunis
3774 GO Triegluguves RGO ngldansainainsssuy @ wulmasnsufios \uanssaduny
n5ldf Hydrazine ansafnandenagnssifonldinannisliedunuindsnugduindudy
a1 30 uniide 1 Falis atfunsesmsezaneiiialildasanafifaunians dwsuduneuly
M53ANFU GO 1A 10 A, vesesatpusiagwinadluansazats GO #USLINS 90 wa. uaylvinay
AuAndaanugafuna 30 uii ansazaredilsthuiasiaendnualieimata XRD fuansgui
2.26 Wuin GO Gudufierinmegit 10.4: Tuszuiui 001 uaznufiadifidnuaznined 280 Fadu
londnwalues RGO Tnsnafnaansnsaasuliiansainanduasnspitouansnsavimihidu

aAa Y o a [
an53MTla LAY
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JUT 2.26 XRD awUnniuves GO way RGO filnanmisldansainvesanasnseifieniviminidu

4

a1530% [81]

4) naslglalasynielunissandu (Microwave-assisted reduction)

£ '
aaa ﬂuqddd a a

TBUTuIsnNUssansamaasanusaanattunsandulaeg1auaniiefisy

o

Wouq dhliseddasieiindusunsiendeliluyinatos ilidulinsdesnndouuinnan

de

fa Y a

uifddeIdeddosansanguiu wu nmsltlalaspnersibidaudi sordildasysal 1inany
Souiiliahiauelutag WouiiseiiRndudniuly awilvinsmuauaninwessdnfousile
g wagenavililassanues RGO Mafimnuliaiwave dwadaqmuautinisnisnmuas
itilaimdiousuittaisy

Xu Xiang wazauy [82] lavinisdnwamandulalunisdansizst RGO aqe

wseslulasiav Tnevinaswiey GO ArvIMdudy 2.5 un./m. wavlindunnudgadunal 30

£ (%
o Y o

el GO Wan1snszaelddtuil At ldsadaernsaslulasian Arnda 800 Snd 1Hu

a1 100 wW asilandsainnsimidunluasndnseienanualmenada FTIR tognan1s

1Y

WATULUAINISIASIAS LAAIRISUN 2.27 a@wlnesy FTIR w84 GO wSsuisunu RGO Wuan T

Y

M18819704 RGO NH1NNT3IANTUYRY GO WUTIANULNVRINANIAATUN 1050 cm™ Bauas
agdidudAgyienSeuiisuiu GO dausuenimylansendialu RGO anas dmisu GO Hudsdl
nAsuan@andelsngegluiianisgadundni 1380 cm™ (Mydukuvgaras C-0), 1450 cm™

(MSEULUTIB9 O-H), 1700 cm™® (NMSAUWULEAUDY C=0), war 3400 cm™ (NMSEURUUENVD4
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O-H) WoFausunu RGO AMUILUBINAYINAIN BNIUN 1700 cm™ anavegailtudAgy @9
wandliiiuinSunavemyansuendalulassasisanatedrann nuanenanasulainuszay
anudnsalunislilulasnndrelunssdndures GO uidiramungusenduuiliduueasgtndlu

1AS9A519989 RGO WIatNgunuNISInNTUA 87 oN1LAL

B | f Ej

- H
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\[r p i Blue shift PN GO

o — rGO-100
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SUTl 2.27 awlam3al FTIR wes GO Law RGO fildlalastnselumsisndudunan 100 il [82]

2.3.3.2 auuan19lninves RGO (Electrical properties)

audanelniives RGO FudinnuLA 8170998198 INAUTASIAS1ILBZNISIAS 819
MveteypeunsuaUluIULUVYRWUIUaewdlR lngazneurasnIsuaULsaT aEmoNTE I 1ITUSY
1y} v a ' o @ a e 12 & oA o a
AUDEMRNUINALNEINE Y NBUHNUNITINB BasvaBtanAsouluaznay 2.C Jeilni1sdndidnnsou
Tueasliia 1s? 252 2p? Tunszuaunistl 9a30%a 25 wazeasia 2p (Usznaume 2px uay 2py)
uinnanaui (Hybridization) nateiduleuinessdviasie sp? deavegluszunuideniu vinli

6 1 a W a Y 6 ¥ al a %
ANSUBULABZRLABUINUSET NN (0 bond) NUBEMBLAIS UDUTIWALINIBTUTETUIULR B2 U
uananllionsliiainmse 2pz (Unhybridized pz orbital) 18us9n1191n52UIUY0I01UE
Favinlvdiannsaunie (t -electrons) auisawnaoui loeg19daseniolulassasne Fadanalin
RGO fland@nisinluinia esanddnaseumarivimdfdudnnlaidn (Charge carriers)
aunsaeasunuulassas19lsegnaiuseansain ey Anuanunsalunisilvinvuee RGO &4

[ |

Tuagiudndiuresmsueu sp? kae sp? lulaseadng AIgUN 2.28 LaRUAUNGINUYBIANTUBUT
fin1sdn3eedianaseunuunieg nsiudsuain sp3 1 sp2 Fafinainnisandiuiuaesmy
Herduiiioendauamanainnsinag GO Ty RGO Fedwalruaunasnuildesinsanasias

Myl [83]
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sUN 2.28 uansanuduiusssnindasiaduaunasnuimngitesivlasiasnansusuiuy

lausaluiannsiu (83]

2.4 nsatratalui (Working electrode)

st vi1sianinsalaenAun g elaluandveg Wy gold electrode,

Y o w

platinum electrode, carbon electrode liag screen-printed electrode (SPE) fvpd1innany
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Uszm3 Beddnyiandonaniigs iWasnniagiltlunisuandulonsiiamieagfitauiidesns
mswanfidutouuay|$asudion Snvisdaadldnushaanuseline 1 waedidninsnmani
Tomaldsmeditguaysndudassiunszuiun 1simagenn i ldiaanuiundsannisldau
TnsiamglunsdififinsUsuugstuRufeesonslisuluzuuuusing SuhliAnanugenty
nsldaudmivnuidefidesmslididninsaviosndulilunisnsiadtasesidmoumn Jade
wianillfinlugnsduniBnislug wfeundsaglaveiiisaengnnd itelilunisimungunsali
fmUszmdauazanansoliudfeld vesduas 24 ngsniadudnudmadoniiinaulaluns
thanuandalnihaidnTnsauuuliudaia Wesmnmesduadaruuianigeis 99% wardisem
laigeiin lisndudeddiniasiionsnaniidudouviomaluladdugermsishifeddvesufoanisi
foansmamunufivay Snvidanunsaadisdlnitlusuuuuiidudounasfundeuldnua
fioamsvasfldarn vlimesdiadaduiiaulaluiunussgndllunisadredalaindidninas
neIRUa (Goldleaf electrode w3 GLE) agnslsinu LﬁaﬂmﬂwaqﬁwLﬂmt,ﬂui’a@ﬁﬁmmma
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51897150 GLE 9831u3unile WU |. Podunavac wazany [84] laasne GLE wuulduen
nvuluiesljuinisiaelinesdruigns 24 nedn lneldimatian1sTusunleiawes (laser
ablation) Ul 2.29a waAIN1NN15a519BENINTA GLES ilagukunedd (Ve 80 dadwms
x 80 Hadwns) WINVURRUERNNESESULTY PVC/PTFE ndulniununesnsalagldinies
A = a o A = a ° 1Y) | a s v A Y
wisufigamndl 180 °C iedafianasAnlaidiiuwsiuainines seunldinasawasiunsdia
anarenuUsuuvesdianinsailieanwuuld Anszualn 26.2 wewd, aud 65 Aladsnd, uas
9n351157 500 fadunsredundl UwnuazIUs19weIBdninsnfingnlauansfsgun 2.29b 1 GLE
Alganunsaviuiselviuedlaluvsinudiegianes 50 lulasdns sUN 2.29¢c uag d uans
AMTBsTULNUNaIRUAINB kAT A N1IArILawesineBianlnsawmaidausaasneliy
a o a Ve < aa aa L a aa Y =
PNNTHANATHAEILAT 18 Fu N aesliRkara AT sNLRIBANINSALAAIAIIUN 2.29e uag

f faiidnwaziurausyaulalasiuns
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Layer 1 Layer 2 Layer 3 Lamination ablation

180°C
| g d
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65kHz *‘ ph
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97.414 ym
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5UN 2.29 (a) Tumeun13a319 GLE (b) vu1auae3Useues GLE (o) sunmdununasiilainey
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wae (d) NFIVINISARAIBLALEDS KAZNINNURL GLE (e) Wuvasslituas (e) wuuauild [84]
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MSIVADUAINULAD ©5UD9 GLE N @519 uagmana CV n18le 10 1adluanoans
Ks[Fe(CN)el/Ky[Fe(CN)q] Tuansazaratdnivles PBS (U7 2.30b) wandbiiiuinujisensnend
Fe2+/Fe3+ waniiinraan150andindunasnissandundaau Anseualniiinlaainujisen
o a A o S a 1 o = 1 X ~ = Ao &

P19A990ANAITINAIINNITALNY 25 ASIFAMADNY F9UITIN GLE TANULEDYSNALIN UBNAINTNNS
nadou EIS Tuasavans [Fe(CN)>7* lauanssas Nyquist plot Aidiaranudumulunisane
Touuszq (Ry) 91 Fevsuandamuaiunsalunisiluiifve sBianinse wasduaninanis
NAADUNTIUDIAIUEIUTAIUNSNART 10099 I GLE @9 GLE 919 5 FuillyiaAn Ret e
Inatdesiulugig 97.54 §3.117.66 Tevial (U7 2.300) ainnan1snsiaaeuiavuatianunaagule
1 v a’f 1Y o’g a a o v 1 < a v
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a1u1snaseBianinsalevateTunseuuluasufel

a b _ ©
Stability Reproducibility

4000 150,
: K o J\J 100 /
P | a /
= =
g o E
5 50

-2000|

- 0
0.0 05 1.0 1.9 02 00 02 04 06 08 0 100 200 300
Potential vs. Ag/AgCI RE (V) Potential vs. Ag/AgCI RE (V) Re (Q)

sUT 2.30 londnwainslaiwes GLE fia¥atiu (a) CV meld 0.5 luasiedns nsadaiinsn Asas
nsaLny 0.5 Lianmedud (b) €V neld 10 Nadluanaans Ks[Fe(CN)J/KiFe(CN) ] Tuansavane
Urlias PBS aunudnuiu 25 59U (0) EIS w8 GLE 9713y 5 Ju neld 10 Jadluanoans

Ks[Fe(CN)el/KalFe(CN)] Tuansazanadniwes PBS [84]

M.S.F. Santos wagagiy [85] laWaiu1isn13a3ne GLE Miguazasainundumienisiy
wuneddludduanasuauuduse sUsuunisasne planar-disc GLE wag nanoband GLE
WERaaguUR 2.31A dununeddludvwin 10 Tadwns x 25 Tadwns anfiauumesdnlaiiasna

Al Yo & a o & o= L & o aal s & a a
w19 elvidagnsaeuuuiaiy (Puesuil | 84 i) nduinuneddludsndu (10 fadwns x
20 fadiuns) N9NIANEAILIATONIZNTEAHYUIAEURIUANEINATY 3 TaSIUAT AIAARIVUUNY
o A o & da a s [ aaa a Na A 1 3 A
nesAniamruANuiRIvedldninalunsUgNTeN USnuniiuGesveuHunaAgniafay

meuiinduihlwihitieesuanuudusuaglddmsudugageunamaliii museazidenlu
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Tunoy iv waz v Ingiiunignimuaduusnaiinaujizemislaii (planar-disc) awise
Uudsulalnenisidenlduunnsie viegunsafifesns Anyuueinuntveuet Uyt

GLE wazyuueaudeseninnisiweiandugui 2.318 uag C mudau
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JUN 2.31 (A) wnunnuananszuunsiantilniuuy planar-disc (Aurn) wasdalnduuy
wauuly (Auge) (B) nwyutassnuvtvestilnimesiiuaiiuy planar-disc kag (C) AW

YuRIuivestilnihnesdavasgnyinlise [85]
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Tiefives GLE danuadenddidninsanesmuuudugnismite@ndyd Jeaenndosiu
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Wslld cv Afidnwauziondnwalianigmundnenuluauidedug nglunisawnulutimin
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' o Y A v o oo § v v sw qu o
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4 200 fadlhanmeiund Aol 1 edluanedans KsFe(CN) Tu 0.2 fadluasodns KNO; wana
Tugun 2.32A namlanuduiusvesnssualiihgeaaiusniiaeswesdnsnisaunuuaninanudu
dunse (nnelugui 2.324) Fsdsuendianssuiunsiwiiiadiindudunisiiauuunisunsves
Uszquuiladiinlnse wenanil GLE gnvinliiinnisiwdsusUiliinasg 19uusadnuin 15 A
waeaINNsUaEugUdNausaeass (Wi nsldsseuiaznisiudianinee) taiinsnaaeudiey CV
neld 1 Tadluasiodns KlFe(CN)g lu 0.2 fiadluasiedns KNO, Asiiuandluguil 2.328 wuily

= = 1 =) Ql' a
LanenIsgedensiensentlnianienisiisunlaswesnsnavuansredianinsn lng
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a a
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ndnnsaadaulatguesdianiniausiasass Ganadnsuanslugun 2.32E wuitAiaw
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JUN 2.32 (A) CV ¥4 3 fiadiuns planar-disc GLE n1ele 1 dadluasedng KslFe(CN)g] lu 0.2

fiadluasiedns KNO, Wiemsinisauny (a) 10, (b) 20, (¢) 50, (d) 100, uag (e) 200 fadliadse

>

=

AU msﬂugﬂLLammmé’uﬁ’uﬁ‘swdwmﬂizLLﬁle“finﬂﬁam‘uaqé’mwmimmu, (B)CV a3 6
fiaduns planar-disc GLE meld 1 Nadluanodns KeFe(CN)] 1w 0.2 fiadluasodns KNO,
gnsINTauNY 20 Fadahadeiedunil ndsniiliiinnsdesuidena 15 %4, (O) Fununeuway
v lvinan1side3Uiena, (D) CV 989 Nanoband GLE pelFiAud uresrnududues
K [Fe(CN)¢] (Raug (a) 0.5 & () 5.0 fiadluanedns) lu 0.2 fadluaredns KNO, fisnsIn1s
aunu 20 dashadioudl, uag (E) CV wed GLE fivinnsdndiutans: (a: asafinia b: adsitans
c: pSaitany d: afefiduas e: adediv) meld 2 faaluasiedns KFe(CN)] Tu 0.2 fadluasedns

KNO; Mi9ms1n1sainu 20 Jadlanneiud [85]
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2.5 U eMNeIV9
2.5.1 NN5IASITABIUTUUVDY AFB1

Y. Wang uazane [86] ldiamnisminsesilmiflinsatamesgadunuuduloun
U (Packed-nanofibers Solid-Phase Extraction: PFSPE) A3ugiun153tAs1e3 HPLC-FLD i
nTI93R AFs (G1 G2 B1 uay B2) luswnsandty (Sanoud, ulzfie, drdas, Winngaiefiumud,
913dn) wazenmsandad (Funy, dude, duld, deoeny, dldida, Auda) Tnenszuauns
W3sudegaduannsuauassatfiessliag Bon annduidaedns 5 nu Talumasatiy
WiBLAsANANTazaIeluNILea 70% U3aeg 20 faddns vhnisesiiinduarsansludnuiieri
nsaftmansiegne anduiuised 8000 Teusiounilunan 10 Wil ifvansavaneduuy
wasnAduIe PFSPE wagvinsansdaanduimesydinlulasd 750 lulasing waziivansavay
Tunaeailumissuuie 1 fadans wazsihmsineuiusiaovilviengldufalulasauiignmgl
50°C Wi nansasa1guie dsianiey 200 lilasins waznsalnsngeslsosdin 100 lulasdng
refinduarnaulidaiu sanduilvauiigamgdl 40°C ifunan 15 wiiieliu§Asensi
ouWuflagauynl ndsrnnsinoyiudiadedu mliuidnasanielduialulnauiigumgd
50°C uagliina1sazaty 200 lulasdng vousadoudiiiiediliniiasie HPLC dwfunns
759990 AFB1 fag HPLC-FLD Iagldnaausl Shimadzu Inertsustain C18 (5 um, 4.6 x 150 mm)
wawedeuiiusznausay dandu: winuea: exdlalulasd (67: 19: 14 TngUsing) dasnisiva
1 finddnssound Waamua 20 wif anusmedunsedulagasTuANENInauNTS0s
uaail 360 way 440 uilumps mudiiy nIsRnarlunIsasadingiesi AFB1 Tutag 0.5-50.0
uilundusafodans luA Rt ogfivszanns 13 uidl aunisdaduvosisife v = 386061x -
472765 lngfidn R? = 0.9993 uazdindiinnsnsavianian (LOD) e 0.08 Wlunsurefiadans

A UlNaN1SAUNAUNA LLAID899939L U9 93.00% D9 106.00%

Y ¥
A a 4

2.5.2 nMsuSuusanuRaUalnindreaynaululanglunisnsraniusunn AFB1

K. Kunene wagaug [87] lnasredidnlnsiailulowuwesdmsunsiain AFB1 lnenns
n3eueuRved AFBL Luuduwas Lcysteine (L-Cys) dslinanadonlosseninuauiveniv
Budnlnsaanduoulad (CF) fignufuusisisayniauilumanies-Tusoululasd (PANP-BN) du
aaumia%?miuial,%uwa%ﬁqLLamgﬂﬁ 2.33 Tpeisuannmsusuiiuiinues CF #ae BN waz PANP

Auanu mewalianisiadeulanuis (Atomic Layer Deposition, ALD) 91n1uutn8ianinga



51

PANP-BN/CF utluaisavans L-Cys druAuiioasameuinandsening Cys/PANP Wiuswusyln
208 MAIINTUUYIINMTUTUNURILIANAY EDC wag NHS iiaiUdgunyasuandaves Cys
Jueawmes NHS Faianudumzdenyoziluluieufived AFBL @avineindeuiiafag BSA il

[ v I~ 1 a s
‘U’ﬁ’e]ﬂ’“gﬂﬁ]‘U‘V]ma@@%‘UU’e}LaﬂI‘Vﬁfﬂ

ALD:BN ALD:PdNPs EDC:NHS Anti-AFB, BSA AFB,

X/@/ e
m AN
COOH J§
1 NH,
/X /e [a
COOH

NH,

/
HS. CD@
COOH \

NH,

"\/ch =(\® \‘ @
\

NH;

AL =(\m\ e

COOH

JUN 2.33 Yuneunisasalulawumesdmsunsinin AFB1 [87]

lunasesiaaaunseviunisasislulawumes OV uag EIS lagntunldngldasazane
Shend [Fe(CN)y] ** Tu 0.1 Tuanedns KCL 3nka CV (gﬂﬂ' 2.34A) wanalifiuin PANP-BN/CF
(9 1) nsiAnuFRelhaTTuuugeunduld wieuRunsziaLsluAn (pa) 1.45 lalaswondd
nsifRTuTessELAARTINNRNTTIN T UART e e BN TitnerheToudidnaseuldisitu uas
levinses L-Cys vuitunBidnivsn Ipa anaswiae 0.73 lulasueud (hswl i) losan LCys
anusssnulniveszgausenine “COOH 904 L-Cys warUszqautad [Fe(CN),** uazifisd
snaduilovhnsaSeuivervuiiuin Ipa Wudwidu 0.97 lulaswend (hs i) wansliidiuin
weufved AFB1 vmididusnaasluniserslendidnnsausswing L-Cys/PANP-BN waz CF
uavgavneiloudensng BSA Ipa-anatdu 050 lilasuwend (1519 iv) MTAATIEI EIS Sauans
Tidunnudiiavesnsaiisluleduwes neltasas Randles dwsunsilndoyadufiuaud dq
1995UIENDUMEANUAIUNIUYBIBLANINTLas (Rs), m‘the‘?jl,muez?%u@jmﬂw (Cdl), ANUAIUNIY
n1senelouysey (Ret) wag Warburg impedance ﬁﬁgﬂﬁ 2.34B Tu PANP-BN/CF (n579 i) A1 Ret
Windudntendu 84 Tesiy \losnemanansalunsissufiserves PANPs uay BN LiaLf
L-Cys vuituin Ret Wiy 1200 Tostu (n391 i) wamdliiidiuin L-Cys @a19099U319n1508

Toudszq LasnaINAswauAued A1 Ret anawdu 567 Toviu (ns1vl i) YaT318n13m3s
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LAURUDAUUNURIBLANINTS Laze1 Ret §IA98naInad91nNcsa BSA (N5l iv) udunisadrelule

[ Y o =3
Wuwasladsa

1000 v v . v
1.54
s (8) s *
1.04 - 8004 * |
< 954 1 E 600. -r-@-
x p B - ® B
5 004 .g'
£ 1 N 400 . .
O 054 . = 4
1 2004 et M4 (i) (i)
104 4 ‘w“w’\ S Y
-
- A J A . — < W oy - (“
o : 2 _N=RkR=% 0,500 4000 1500 2000
otental (V) Z'(Ohm)

gﬂﬁ 2.34 (A) CVuge (B) EIS nseevaussmslninaivesnsatduleadumedlundastunoy
(i) PANP-BN/CF, (ii) L-Cys/PdNP-BN/CF, (i) anti-AFB1/L-Cys/PdNP-BN/CF, and (iv) BSA/ anti-
AFB1/L-Cys/PdANP-BN/CF nels 5 dadluanoans [Fe(CN) >/ Tu 0.1 luasiodns a1savany

Trliles PBS uaz 0.1 Twanodns KCUT pH 7.5 8nsinsauny 20 fadlidnseiuni [87)

Tunsnnaevysrans amaaslulefumesfiaseiy ﬁ’qgﬂ‘ﬁ' 2.35A Lag B 11115915733
AFB1 Tugasaudadu 1.0210 uilunsudeiadans Inenwuinnssualuiranaadioninududu
99 AFB1 1iitu uazuansamduius@adu (R2 = 0,9987) Ardndaiamsnnginsign (LOD)
#0 0.830 wilunfuslefiadans venanilulodueesdigninlunaaeuiusregnsln newuindl
AN1sAUNaUegluYe 93.00% f4106.00% Fafusuleinluleduwesdannsaldnsiotn AFBIL

Tulnile
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60 - 60 4 (B)
-
| R? = 0.9987
iy 50
Z 40 _ i
:: E §_ 40 - -
S 20 =
£ 8 30
=] Q B
O p. 1 5
© 204
2 10 '
-40 T T T T T T 0 v v y r - +
0.24 0.32 0.40 0.48 0.56 0.64 0 2 4 6 8 10
Potential (V) Concentration (ng mL™)

Ul 2.35 (A) LSV curves voslulorduies BSA/anti-AFB1/L-Cys/PdNP-BN/CF fianuitudy
AFB1 #1197 Tuaia9 1.0 f19-10.0 Ulunsusioladans wag (B) N3 1mMu1nsFIud1m5uN1505291n
AFB1 [87]

Y. Hui uazeaiy [88] lnasedidantnsamsladeiveUnuduweasdmsunisnsiain
AFB1 Tagvinn1sUsuugsiuaaues GCE Faentsgulanglnia 43 6CE azgnudliluansazany
HAUCL, wazyhnsanenseualsorlesfidngluin 0.2 Thadifunan 80 Junt anntaninisnss
DNA ﬁﬁmiﬂ%'wgqé’awyj‘iwaaaﬁ'ﬂmﬂmEJ (Thiolated complementary: strand, cDNA) 13uu

HBLANINS AR UNUSE Au-S U89 AuNPs U cDNA tazlda1s MCH wisudanusiauilulann

&

[y

G’TmLL‘UmLﬁaﬁmﬁ’umi@m%’uﬁhjLaW’lsLmzf\N NNt Apt QﬂLauaﬂfuLﬁ@lﬁﬂué’ﬁuﬁﬁﬂmwnu
AFB1 Wagsinnniinansazans AFBL fdaamidudusineg wieaifu Exo | 15ledl AFB1 aglusyuy
Apt axmgaeenaInBidnlnan silimAnaeuging Apt-ArB1 luaisazans Gspauqinnilazgneos
Tnsioulual Exonuclease | (Exo 1) kazluduneuaniiie uilulnsy DNA-AUNPs-horseradish
peroxidase (DNA-AUNPs-HRP) azdufu cDNA Tloguniiufindiininsnuiunisduaiua uag HRP
suissufiseneandinduvaslalnsnilun (HQ) Tuiluuuleadiuw (BQ) smelalaswuesoanles

a o

(H202) lhAndyaamshllaiueslunisiamuysunmes AFB1 (U7 2.36)
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1%HAuCK gﬁgﬁ + $ $§ +§
_ _— > —
electrodeposition
- .
L) HQ
gsgsg <
-
) — =
vy @) v $ WAV + www bl

GCE AuNPs ¢DNA MCH Aptamer AFB, DNA HRP

JUN 2.36 uanadunaunisaseUnduwesnidliuad [88]

BIS uay CV grifdmiumannatendnuainliitwesdidnlnniiai st udmiunis
AT AFBL dwsumsiiasnen ElS dushugudnansue e nInaamn s UsHuA AL
Frumumsaneleudianasen (R.) UuiuRIYeBiEnTnse Inegld [Fe(CN) >/ \Juansazane’
pond Gemaifindureaduiurudnanniai nnauuansisnstiinturese Ry 9103UT 2.37A
wuhfiBianlusn GCE flsignuiuudsiuia fdudiugusnatsasedvenauidnunn Jesuanis
nszuunsaeleudiinasouiisnisa (3wl a) Werhnsuiuusisiiufindag AuNPs duky
Audnardanasogunn (039w b) waasliiiiudn AuNPs 3aetfiuaduaiisalunisanelou
SidnnsouvosBumedinedianinge ogslsfiniy e cDNA uag Apt gnessdiuuiadidnine
Gurhugudnansiainsnaiiviuegisdnnu (5w cway o) Geduihugudnansiifisfunnu
armemvadlodlniandleludunazdidnlasiunidin esamnlasaisleaniidusyaauvedlod
Inhadlelnddavnenisaneleudidnnseu seudlolinsifuarsazaty AFB1 71 Exo | (n51W )
Furlugudnatesainenauanasegadaiau dee1aiilesain AFBL #a Apt 9n21nii LA
SudnTnsaitoadrenoundnd AFBL-Apt vl Apt wmdeuuilufindidninsadesas lu
ity Exo | Yregosmeumdnddl vhls AFB1 gnudesesnuiuasvuisuifioniaiu Apt
Susiely Tunsditlaifl Exo | (1979 &) Wurugudnamaivenaufisdy uandliifiudl Exo |
yuldFlunszuiunsuwiou AFB1 doyawmdrdiusuieunidumesgnaiietudia lu

vuziReniu OV gnldlunistudunszuiunisusuusdianinsawudendu 91nguil 2.378 wum



55

GCE Wauansrnssuaiinouttegs (nsml a) uazAnssuadininfistundaanyiuudsiuinge
AUNPs 1ies91nmstiluinfifives AuNPs (n3 b) eenslsfina e cONA wag Apt gaseuy
fufaBidningn nsvuaiidunnldanasesadniau (nsl ¢ wag d) iWowiiu AFB1 wag Exo |
(N9l F) nazuaiinduodsdmau InonszuafiAnluan1iedid Exo | gendnanaedilidl xo |
(N3 &) Hadnsiannadasiuiildannsia B1S nantsmnaesimuaiusuinluladuesa

Tuiiadignastatudnisa

A  p TR 10}
1200 F e e

té\ 4 ’b ol 100 Z?zlhm:m 400 g‘ Sk
= 800 \ =
=] N

e’ (= 0OF
2
N a0t E

QI -=3F

0F -10

0 1000 2000 3000 -0.2 0.0 0.2 0.4 0.6
A (ohm) Potential (V)

[

JUN 237 (A) EIS uag (B) CV nswavaueasndtniniwandsiuluusiasdunaunsusuussnuia

u

vesidnlnsa neld 5 fadluaseans KFe(CN) ] Tu 0.1 luadedins KCU: (a,a") bare GCE, (b,b)
AuNPs/GCE, (c,c") cDNA/AuNPs/GCE, (d,d") Apt/cDNA/AuNPs/GCE, (e,e’)
AFB1/Apt/cDNA/AUNPs/GCE, (f,f) AFB; (Exo 1)/Apt/cDNA/AUNPs/GCE. [88]

' 1%
cal o = o

nelianmeiivingan weumdumesiimunTugninldnsiainmududusiie ves

LY

AFB1 (Fananslugui 2.38A) AMNEAaN1sATINAd Ul U g1 udunsile

A7}

a

arduduros APBLwiuTu Tuthe 1 x 107 wilunsuseiaadns ¢ 200 wilunfusefiadans
aunsnisnanesidaduitlane ip (lulasuond) = 2.0826 log(anududu AFB1/urluniuse
fadans) + 13.944 Tnoilerdulszansanduius (correlation coefficient) 1y 0.9924 (#s
wandluzuil 2.388) Feusifsenuduiudidaduiidseninsanszua DPV uazaudutues
AFB1 erTindnfinnismsiadasgn (LOD) Auiadlsiviniu 3.3 x 107 wilunusdediadans 9903
naaoueUnduweslufiosiidamasdlne nuirldfosazmsAundueglutis 88.5%-

110.2% wagA1 RSD 0g5eMINe 3.25% 14 7.82% waansivarilguduainuaiunsovesaun

[
v =

Le?mLszja%ﬁg]ﬂaiwwuﬁm%’umimni’ﬂ AFB1 1A8@SIlUNAANANIINITINEAS



56

20
24 B

16 | 1=2.0826 logC +13.944
~ ~ 20F r=0.9924
g 3
5 12 =
N N
= =
2 2
(= 8t b
= =
@) o

4F

ol— : : . : E = F . 3 « F - ¢

03 -02 01 00 01 02 3 2 1 0 1 2 3

Potential (V) log(c / ng mL1,

JUN 238 (A) DPV msnauanamsbiihpdveskeUnnduees fedmdudusne ves AFBL

(lwaa 1 x 107% fia 200 ulunSusediadiang) (B) n3MNINTFIUEMTUNIATIVIN AFBL [88]

¥ v

2.5.3 nM3Usudsanuratalninfesagnsiueanlanlunisnsianiusuia AFB1

Li Yuye wagamdy [89] laasraluloduwes iianisnsiain AFBL luddas lngld
BumBINenIIIANUIENOUAIY thionine-graphene (THI-rGO) way aptamer NANRAINAIY
Waslsqu (F-APT-Fo) i edsdyeyaainszialninuuvdadiu (g Uae I Anugua 2.39

Sianmsaansuaunay (GCE) QniARUsIY THIGO Way Fc-APT-Fc auandu AFBL azgnduriu

'
a1

Fc-apt WUUANIZ1%38 GV Fe-apt anoanaIniiuiy GCE danalna) IFc anas YA

ITHI As#l wonanil eunuesiviosg uwdaninsndeansnduiu AFB1 wazvgaeenaniiul

a & a o I o g v v Ao vy &
E]LaﬂI‘Vﬁ@]LW@@ﬁ'Jﬁ]'ﬁ@ﬁqﬁlﬂ@@lﬂ ‘Vlﬂfmﬁqll']ifﬂsﬁLQJ'UL‘WEJ?UGU{L@W@W8?’15\1
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AFBI1
\ o + s
Disposable lo>§5CA,~;‘,D/ ngli;lL"
Irp1/1pc=0.16 10g1 Y5—1 Cpppr + 1.33
e
di 112
dod oy e =1

— |

— %_;.04 _
s

b W 3 4 s
Cycle index

JUN 2.39 Tupeumsaiislulouesdniun1sngiain AFBL [89]

luTeuwesiiaiadugnasaadousae OV wag FIS 990307 2.40A uandlifiufineandin
Fu3snFures [Fe(CN) P74 Aldan GCE wWaa (nsl a) Faserndsuldafiufiage THIAGO v
TinsvualinTumadaituiitataznsiiunisilniwes rGo (sl b) vassiinisnss Fe-apt
vulndsmalvinszualwanaseseutn (3l d) essnnuavesuinalaianaiive) wasdinisifiuiy
yeanszualnvdsaniinneunand AFB1-Fc-apt LLazgﬂaaﬂaaﬂmﬂﬁuﬁa GCE (N3l ) 910
£Is gnlddudunanisairsueUnudumeslaglugui 2,408 @1 Ry 289 THIIGO/GCE (157 b)
anandlofie Uit GCE 1Wan (N5 a) 13939 Fe-apt Ui THIMGO/GCE wilsian Ry \uduegng
Fatau (522 1ousl, N5l d) LAYAIAINNITAL AFBL UN Fc-apt/THI-rGO/GCE A1 R, anadlnie
337 Tavia (n3l &) Fsuduinfinnisaenaaumand Fe-apt-AFB1 093 nRI31ENINIA Naves
EIS aonadaatunaann OV dsduduanudiSalumsuivussianluusasdunon

muaansalun1sieseh AFBL veteunnfuimesiiiuaiiiasatu aeldaniei
witne Tnewuindlomnududuaes AFBT (CAFBL) wigdu 1 Iy Saansingy Tuvasdiad I

anas (éfﬂLLamﬂugUﬁ 2.80C) A1 ly/lre WARIANNEUNUSWUFUNUAUWNTUIDY AFBT Tutag
0.01 fis 100 ulunfuseiiadans lneddadrinnisnsrainsign (LOD) winiu 0.01 urluniusie
Jagans (éﬁ’mam’LugUﬁ 2.40D) AUN13N1509008Tia0nndaItuAD Iny/lk = 0.16 loglAmnududu
AFB1) + 1.33 lneflenduuszaninisannes (RD) wiiiu 0.998 Haannsmsalnsze AFB1 Tu
5’;53&1131’@"1%@aazmiﬁuﬂé’uaq’ﬁ 94 fia 116% Uaveniaanuuseauaudnsalunisasiaeum

HUwasN15957970 AFB1 Natunsaldlaasalusiagaasanienisinuns
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A B
Inset 1 o« 7 »
150 a b a./
I 00" a ¥ e 4
c 100 A & b / i
< 75— 5 | ¥
E‘ & =400 ™ 0 o0 9
- ) / ¥
= e &
2 0 = 0/’/'/ v
= N o &R » v
= v 200 ¢
@) 75 vvﬂy‘f"wvvl; S lCm
Ra  Zo|
0 Inset 2
-150 T T T T T T
0.3 0.0 0.3 0.6 0 400 800 1200
Potential / V vs. Ag / AgCl Z'/ ohm
C D
12d THI a Fe Lrp/ge= 0.16 1ogC oy, +1.33
161 Re=g.998
31
" 14
= e
£ 3 £
5 0.4 =3 1.2
Q
0.0 J 1.0
03 00 03 06 R il N84, 1 \2
Potential / V vs. Ag/ AgCl log C,pp; / ng mL™*

gﬂﬁ 2.40 (A) CV uaz (B) EIS nsnavausnmslwiiiefivosiunounisaueumdumesdmiy
%53239 AFB1: (a) Bare GCF, (b) GCE/THI-GO, (¢) GCE/THIGO/CS, (d) GCE/THI-IGO/CS/Fc-
apt, and (e) GCE/THI-rGO/CS/Fc-apt/AFBL (C) ACV n1smeuauainsiviaiisaasudu
A199909 AFB1 Tumi29 0.01 fis 100 wnlunsusodiagaans Tu 0.1 Wereans aisazangiwines PBS

(D) N3 RIFIUTEUINASRTEIUNITRALI |/le NuAdenn1ATiuANTNT AFB1 [89]

14
=1

2.5.4 nm3UuusenuRva i s luasulndnlun1snisnsaamusunn AFB1

L. Shi uazaais [907 1d43Aadnsflusonlud -GO ignusuudslsiiimilsdduiimanyan
dnsesaeudived warfliaudinulaniuveunauilulaveiueesndaulunyitandusiesquy
A1 fidseyneunludisnananunsatagifinnsieleudidnnseudsralsifinsnsiaindiavidon
11893 9nUT 2.01 uansdunouniawdoluledidnTnsadmiunisanatn AFBL Fuainih
naindeutanneulidn Au-PPABA--GO asu GCE liliursfignmaiivioaiioadns Au-PPABA-
-GO/GCE 91 uini1sinsoudidnlnsanas N-(3-dimethylaminopropyl)-N’-

ethylcarbodiimide (EDC) wag N-Hydroxysuccinimide (NHS) 1t aa1esunuslunisngs
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LOUAUDR AFB1 NA191NATIMOUAUBAKATLY BSA ieudenyniuiimdesguuiuiabianinsn

nTnsnsIain AFBL sawaia EIS neldansazaresaend [Fe(CN) >4

COOH EDC
S A&a N"S
> '
GCE Au-PPABA-r-GO z\n"
AFBI1
Fe(CN),"™ E E
—
EIS

sUN 2.41 Fupaunsasialuloumesdnsunisnsiaia AFB1 [90]

vamsnageululofumesiaduae B Tngld K Fe(CN) ] uaisazareinend aan
sU# 242 uansliiidiunszuaumsaidlulowuiwesamsv AFB1 Tnewu GCE Alildiinsusuuss
flufiafadninasmuimdn (U 2.42AG@)) FavadanBidnlusadntsiilifiaiad udsanng
Fauasrfiuingae PABA-GO (iﬂﬁ 2.42A(D)) A1 Ry Lﬁm%uafjﬂqﬁﬁ'aﬁwﬁ’m Fadunanannig
anauannsalumsnieleudidnnseulilesainmsiioguosngueendianlummyilsiduuuan
ulurowlndn uazen Ry Wisluogwweilouiiovinnisnioufuefiuuiia BSA uas AFB1 (Ul
2.42A(c-e)) 6‘50LLamaIﬁLﬁudwﬁﬂ’mﬁuUWQﬂizuauﬂmmﬂL‘LJ?{ﬂuﬂizﬁ;iwdwmiazmﬂ‘%ﬁaﬂsﬁuaz
Bidninsadinduniudiiy Wowdsudsusumath AuNps wldlumsadhaduTanneulndady
GO uazLARouUY GCE (Au-PPABA-GO/GCE) 91n3UMl 2.42B 11 AUNPs saeifiumsthluiii
vestanuiluneylndanaunaziiudninisaisloudidnnsouseninedianinsanazansazanes
aond [Fe(CN) /% T3 R, #3nlfves Au-PPABA-r-GO/GCE (';;U‘i?f 2.42B(a-d)) dAA18na9310

'
a

PABA-r-GO/GCE (§Un 2.42A(b-e))
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500 b. PABAr-GO/ GCE 500 - a. Au-PPABA-r-GO / GCE
¢. Anti- PABA-r-GO / GCE b. Anti- Au-PPABA-r-GO / GCE
04 d. BSA-Anti-PABA-r-GO / GCE 0 c. BSA-Anti-Au-PPABA-r-GO / GCE
e. AFB1-BSA-Anti- PABA-r-GO / GCE d. AFBI-BSA-Anti-Au-PPABA-r-GO / GCE
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000 12000
Z' (Ohm) Z' (Ohm)

g‘uﬁ 2.42 EIS minevawosnslrineiiveanisluledusesudastunau A: (a) Bare GCE; (b)
PABA-r-GO/GCE; (c) Anti-PABA-r-GO/GCE; (d) BSA-Anti-PABA-r-GO/GCE; (e) AFB1-BSA-
AntiPABA-r-GO/GCE. B: (a) Au-PPABA-r-GO/GCE; (b) Anti-Au-PPABA-r-GO/G CE; (c) BSA-Anti-
Au-PPABA-r-GO/GCE; (d) AFB1-BSA-Anti-Au-PPABA-r-GO/GCE nnels 10 fadluanadng
[Fe(CN)* Tu 0.1 Jnasedans KCU lugasnanad 0.1 @ 10° Hz [90]

A1 R V09lUla U s Nas 190 UhARIA L AUNUSITRFUAUAMULNIUTBY AFBL Tag
NIMLARIANUFIRUTB LTI BUNLALLD R, kagATNTUYDY AFBL 9N3UN 2.43A uag

B Feauni1sn1sannealduntame 22(ouy) = 3174 + 3105 C (Wlunsusetiadans) way Z'(

3
a a

Tovy) = 6729 + 537 C (unlunsunafiadans) legdadudsy@nsnmsonnss (R?) windu 0.9921
wa® 0.9961 Tur9AUTLIU 0.01 89 1.0 UUNTUABLAAANT LAY 2.5 69 25 UluNTUsa

faddng anuaniu Andnian1snsasiadian (LOD) Awanlalyiniu 0.001 uilunsusieiladans

8000 25000
A B
. . . . "

6000 - o . 20000 4 o
A Z' (Ohm)=6729 + 537 C (ag mL"), (r'= 0.9961)
E 2
S 4000 1 S 15000
) N

¥ 2000 o
¢ 5000
7' (Ohm)=3174 +3105 C (ng mL"), (r'= 0.9921)
0 5000 10000 15000 20000 25000 0 S5 10 15 2 2 30
Z' (Ohm) C (ngmLl)

sUR 2.43 (A) EIS n1snevaussmslniinaiveslulodues Au-PPABA--GO/GCE siamanl

Y

a

Wudusnees AFBL Tuaag 0.01 89 25 unlunSuseiiadans wag (B) Ny nsgIudmsunis

753970 AFB1 [90]
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Tuuniindnfsneandeniotugunsa arsedl wagnszuiunsiltdlunisadaueyn
duiwed dalifimesdiuafiusuussiuiindaeYandeussnouunlulanesay AuPt-Ru Sauif
RGO (GLEptru/mco) fiensaleissimusinas AFRT dremadaliiiiag Fsanunsaustuney
nssdunuesndy dw fal
1. Anw1Isnsdauasizniannaunaulngs AUPt-RU/RGO uagAsIv A Iwvinmau U
NINLAINLAZLAL]

2. - Anwnisnsad1auaUn@uwe s WHWAS GLE A perurco @15UNSASI9TR AFBL
LaznTITIATIR AN RN LN

3. AnwanglmILaNd s UN1IAsInTAT 1R AFBL Wi 1AIN5959 TR pH kA
ANNLLTUYRIUNIWES

4. UszdiuUseansnmieUnduwesiad ety lunsnsiain AFB1 weannsheti
SraestuluienujiinTs ieeseth s usinnsinuas

5. Wibusulssans mnteUn Sumesaseaulun ez vimnausudu AFB1

AULAIIBUINTHIUBY LU HPLC-FLD

3.1 aunsaduazinsasianlilunisnaaas

- Jnnes — yangUyuy

- ViepAnen C e

— WSLMIANENS — lulasUilm

~ nszueniindu ~  Jaufnans

~ pdesdunu —  ASYUBNAIN

- nUSulTung - wuUn13 Kapton
—  uHuneIALUan 24K - wuneakaainliln

- g3-340a awnlasliladiwes (Shimadzu UV-1800, Kyoto, Japan)
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- WlginsudnesudunsusaaUnlaslnlaiiines (IRTracer-100 Shimadzu, Kyoto,
Japan)

~ adewniataenaisdinunsndu (Rikagu smartlab, Japan) 19 CukKa (A= 0.15406 nm)
A9 dnMeLY 28 8138 of 5°- 90°

- ndesganssAiBianasouwuUdau (JEM-2010 model, JEOL Co., Ltd Japan)

- NAOIaNIIALBIANATEUWUUABINTIA (Hitachi S-4700, US)

- NapwRanIIALIIEERaY (Seiko Instruments Inc, SPI3800N/SPA-400 Japan)

~ a3 osaUnlnsilmesSsdE nd L uunsTarend 19U (IXRF systems, EDS2006 550i
Analyzer)

- @ndTan (Malvern, UK)

~ aSewmsiaiesiginndliiied (Potentiostat/Galvanostat AUT302N.MBA.S)

- lasunlnnsveunadvszdninings defusguuinfinisiseuas (LC-20 series,
Shimadzu, Kyoto, Japan) ABAYY C18 (4.6 mm x 150 mm x5 pm particle size, GL
Sciences, Japan) oA UANTARDANY LC=18 (4.0 cm x 10 mm x 5 pm particle

size)

3.2 d@15uadl

A15199 3.1 aswednltlunisneass

GUHGH gasluiana V3G

Graphite Powder - Sigma-Aldrich
Hydrazine 50 % NoHg Sigma-Aldrich
Gold (Il) chloride trihydrate HAUCl,-3H,0 Sigma-Aldrich
Chloroplatinic (IV) acid hexahydrate H,PtClg:6H,0 Sigma-Aldrich
Ruthenium Chloride RuCl, Sigma-Aldrich
L-ascorbic acid (AA) CeHgOp Sigma-Aldrich
Polyvinylpyrrolidone (PVP) CgHoNO Sigma-Aldrich
Sulfuric acid 96 % H,SO, Carlo Erba

Aflatoxin B1 (AFB1) Cy7H1506 Sigma-Aldrich

Aflatoxin B2 (AFB2) Ci7H140¢ Trilogy
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GUHGH gasluiana UTENIINGR
Aflatoxin G1 (AFG1) Cyi7H1204 Trilogy
Aflatoxin G2 (AFG2) Cy7H1407 Trilogy
Ochratoxin A (OTA) CyoH1CINOg Trilogy
Zearalenone (ZEN) CigH220s5 Trilogy
Sodium Chloride NaCl Carlo Erba
Potassium Chloride KCl Carlo Erba
Di-sodium Hydrogen Phosphate dihydrate = Na,HPO42H,0 Carlo Erba
Potassium dihydrogen Phosphate KH,PO, Carlo Erba
Bovine Serum Albumin (BSA) CgH,1NOSI, Sigma-Aldrich
Thiol-terminated modified-aptamer 5’-thiol- GTT GGG Sigma-Aldrich

CAC GTG TTG TCT

CTCTGT GTC TCG

TGC CCT TCG CTA

GGC CCACA -3
Acetonitrile (HPLC grade) 99.5% CH;CN Siema-Aldrich
Methanol (HPLC grade) 99.5% CH3OH Carlo Erba
Acetic acid CH;COOH J.T. Baker
Trifluoroacetic acid (TFA) CF,CO,H Sigma-Aldrich
Potassium Ferricyanide Ks[Fe(CN)g] Carlo Erba
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3.3 Msduassndagaelsznauunlulansiay AuPt-Ru

3.3.1 M3duATIziaYNIAUILY Au@Pt

oynmauly AuePt gnduasziinisnmsidndumaniifenderduauddansluind
lunstieviisen lnenaunsalasaaslsessa (1) lnslewnsn 20 dadluadedng Usuns 0.4
Naddns nsaraslsinadida (V) enazlawmse 20 Jadluanedns Usuns 0.4 Jaaansuway PVP 5
fladnsu ntudutinduUsums 10.0 fadans adutninoduuin 25 daaans yilvansdiu
srenduauisansilaiing 25 swend Bunan 5wl puseBuaisazaty AA 10 Sadluane
305 U303 4.0 Sladans Tazuon vaslinaunnuddanslaindgsewios 20 uaf Weasunan
Humuansavanefigaumpivesdeidostn 24 Falus amnduarsasanedeiils dludsdeiom
wea 60 %lagudung Jumies 11,000 seusowil 1unar 10 uniisiuau 3 seu uazeulius
figamnil 80°C ilelildnznouddvaseynauilu AuePt aavihetlunsgaeiilueniuea

60% Usuas 2 aaans wislile Au@Pt NPs mnududy 2 Haansuseiiadans wazsnulilu

Aiunanmall 4:C

3.3.1.1 AnN¥IAMULLTUYRY PVP imanzauamsuldiduanssneanesnin

ANMULYUVDS PVP AGlUnSEUuATIEY AU@PL BNUNSNEINARDIUNR AIUAIA
waganUAn s lrliaveseynaululans ngaudutuves PVP ifinywazannasiildlunig

FUALI Au@Pt FLARNIIUATIN 3.2

M19197 3.2 ANududusiieg Ued PVP lunisdauesigiouninuilunas Au@Pt

ddu dawin PVP USinavasusazasnusenay (mL)

(mg) 20 mM HAUCl, . 20 MM H,PtCly 10 MM AA  H,0
1 1 0.4 0.4 4.0 10.0
2 5 0.4 0.4 4.0 10.0
3 10 0.4 0.4 4.0 10.0
q 20 0.4 0.4 4.0 10.0
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3.3.1.2 AnwIANUTUTUYDY AA Tiwmanzaudmsuldiduanssnng

ANNLTUYDY AA NlEluNsduATIEY Au@Pt aNUTRAINARDULIA AUAIRY
wazaudinisinliiveseyniaululane lasanududures AA Adnwkazan1enldlunis

AUAT1EY AU@Pt AILEAILUAITIN 3.3

M19197 3.3 ANUTUTUA1 V89 AA Tunsdansieiouniaully Au@Pt wuukNuaziUFen

AU AT UT U AA USuavaeunazasnlsznau
(mM) Ysu1ns 4.0 20 mM HAuCl, 20 mM H,PtCl H,O PVP
mL (mL) (mL) (mL) (mg)
1 10 0.4 0.4 10.0 5.0
2 20 0.4 0.4 10.0 5.0
3 40 0.4 0.4 10.0 5.0
q 80 0.4 0.4 10.0 5.0

3.3.2 M3AwATIZAIAUALL AuPt-Ru
oyn1aunTL AuPt-Ru gnAdlasgsiuisnsinndumaaiiiendadunnuisansily
Undlunisveyiufizen nenaunsatasaaotseasa (1) lnsleinsn 20 dadluasedns Usuns
0.4 addns ninAalsknaniila (IV) envelawnsn 20 fadluasiedns Usuins 0.4 faddns 39
Houanalsd 20 fodluadedns USues 40 lulasdesuay 5.0 fadndu PVP Mntufutindy
USinms 10,0 Raddns adlubnineduwn 25 faddns Mliarsdiiudeaduaddansleind
25 %uand {Wunan 5wl mumeitasazals AA 10 Tadluanadns Ysuns 4.0 daddns 4
azven vaurliraunusansiledndreliles 20 uiil Weasunan Junuilgumgiiviossioiiles
80 24 Hlus Mintumsasaeddiild théndeienuea 60 %lneUsuns Jumiss 11,000
sousiound 1unan 10 uifidiuan 3 seu wazeuliudsnonmail 80°C iielildnzneudsves
oumAwily AuPt-Ru aavherilunszanedaluiingu Uiies 2 fadans el AuPt-Ru flana
iy 2 fadnsusiefaddns uaniAuliludBuiigamal a°C
3.3.2.1 Anwanududu Rucl, #ldlun1sdaunsiz AuPt-Ru
AU UYee RuCl, AFlunsdaasIei AuPt-Ru @unsadnaseausinisii
Iwihwoseynaunlulans lnsmnududuves Rucl, Adnwnazanelilunisdaunsgy AuPt-

Ru fawanglumsan 3.4
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AU ONSIEIU

YSunuvaansazasnusenau

AUDNTY 20 mM 20 mM 20 mM PVP H,O 10 mM
Au: Pt: Ru HAuCl, H,PtCl, RuCl, (mg) (mL) AA
(mM) (mL) (mL) (mL) (mL)

1 1: 1: 0.10 0.40 0.40 0.04 5.0 10.00 4.00

2 1: 1: 0.25 0.40 0.40 0.10 5.0 10.00 4.00

3 1: 1: 0.50 0.40 0.40 0.20 5.0 9.80 4.00

4 1: 1: 1.00 0.40 0.40 0.40 5.0 9.60 4.00

5 1: 1: 1.50 0.40 0.40 0.60 5.0 9.40 4.00

Y9pdumINdSanslelndLANA1UAD 20, 25, 30, 35 WLag 40 %AmMp

3.3.2.2 finw %Amplification power #il4lun1sd9A199% AuPt-Ru

adunIsduaTzRnmtuseulumde 3.3.2 Inednws WwAmplification power

3.3.2.3 Anwnaiilelunisdaasieyi AuPt-Ru

AMDUNTEILATIEINNUTURBUL LT 3.3.2 Tnefnwinainiglunishirauninudoa

A lwtnduaisiy AA AWRNANALRB 10, 20,30, 40 kay 60 U AaLandbUnI9199 3.5

A1319% 3.5 amingllunmsduesieveyniauily AuPt-Ru

A0V

NATNANFITUAIRNAN PVP (11%1)

AIAIANNLAYN AA (W)

1

O A~ W N

(G2 BN BN 2 B B O

10
20
30
40
60
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3.3.3 nMsngatiendnealveseuniauily AuPt-Ru wuuunuuasiugan

auNAUILL AuPt-Ru buuwnuiazildeniidansieils inn1sfinwiendnuyainianignin

wawlaeneg W duguineuavaudinislnii lngldinsesefigaliondnualfwisned 3.6

M19197 3.6 Lasesilenltlunisiigariiendnual AUPt-Ru WuUkNUKAZLUERN

1304l nsigaliondnual
Transmission Electron Microscope, TEM m’s%a‘ug‘dﬁ%‘i YUIA WALNITNILIIEAIVD
AUNA
Zeta Potential Analyzer mmaauﬂisﬁ;uu‘ﬁuﬁa
X-ray Diffraction, XRD ATIAFBUNANYBIDYNIALANE

Fourier Transform Infrared Spectroscopy, | As3aaaunyilenvu laswadwnaaillusynia
FT-IR

X-ray Photoelectron Spectroscopy, XPS maaaauamuzaaﬂ%m%'uﬂummgmﬂiam

Cyclic Voltammetry, CV AsageUaUiANIa i

3.4 N1589LA31% RGO
3.4.1 pnudutuveslanduimaizaudmsuldduanssaaglunisdawnsizit RGO

AuNTuTIEauveslansfudma lnenswion s ilsiduuulasiasidluiana
984 GO IagyinmsAnwmududualens @ui 0.1, 0.3, kas 0.5%lagUSUINT SUAUAILNT
11 GO USual 3 n5U YNs¥AERbULINgY 100 Tadans laeldadueanslainiiednalunis

L I~ = QIJ (Y] %,’ ¥ 1 I3 5 1 d'a
nsrateduduna 30 Wil AuNIENs GO nszRtEmlulieg ANy sl MUK Sara1eNd
ANMUUTY 3 Hadnsusaliadans Ysu1es 10 JadansAatnines uinnissagaiganslensia
uimudRtugaing loun-0.1%,.0.3%, uaz 0.5%laeUsu1ns Inetuniufigumnd 80°C 1Ju
a1 12 9719 Wen1ssandulasadu ansavargazasuanduiisaiduden wansinlasaag GO

\u RGO Tnganysal

3.4.2 Msiigatiananealvas RGO

RGO fidaasevile vin1sAnwenanuyaivnanienmuasiagisney Wy dygiuine) way

antanalii Ingldinsesilofigatiendnualdmisnei 3.7
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M13197 3.7 esesdlenlylunisiigatiendnual RGO

\3esile nsigatiananual
Transmission Electron Microscope, TEM MTIAABUTUIIE VU LATN1TNTEANLAITDY
BUNA
Zeta Potential Analyzer mwaawizﬂuuﬁuﬁ’;
X-ray Diffraction, XRD MTIVADUNANTDIDUNALANE

Fourier Transform Infrared Spectroscopy, | #53geunyilandu laswaimnaailueynia

FT-IR

UV-vis spectrophotometer msmaa‘ummsﬁvwﬂﬂﬁut,lmsuaamémﬂ

3.5 NM5a319eU G UwasNe AT GLEA prrwrco
3.5.1 N15&519 GLE

Tunsasstalniimessias (Gold Leaf Electrode; GLE) dumeuusnizuannnistiuaiu
NOIANUAITUIN 25 X 30 Hadns AfasUNLNUMUNeABluanI owluwaunou Tnanalung
diolinesrdadauuuaiintuwiuny TnstunouidasseinseSelalfuiune s aidnua
FeoadinasionisBeusemlniinnsenssuiavesiuiavesiar Minudimuneasludi
VU URUAUENAS 5 fiafunsAivanedunids isiuuuwunaswan tnemde
fufivanedniuliuseana 7.5 Seduns deduudnudwivandudansliin dounim
nowasi lringentiuuinauniie 7.5 Gadmns WAausaUaten Ui nE ovewiy
NoIALUa7 Lﬁal,a%mmmufﬁaLmLLa31’]@&ﬁ’uﬂﬂswqmaaﬂmaa%uwaﬂﬁwL‘Um &N uny
UnaseaNfousuIA 84 Laminator igamgsl 180°C LLasqmﬁwﬁwmaﬁ’WﬁumuaaﬂLf‘fJu

< a a
YUIALANS YUIA 1 X 25 UNALUAT

3.5.2 anaduduinmansanuas RGO TunasuFuugenuia GLE

RGO fidaasesilaanniide 3.4 tundnwfianududuwansnsiufe 0.10, 0.25, 0.50,
1,00, uaz 2.00 TadnSureiadans wazynnsindouasuu GLE deu3unns 15 lalasans Asle
LLﬁﬂué’@Jmmm%u Mndudedsindusasiiluasiaeunginssumsliiindaemaia cv
meld 5 Hadluaredng KFe(CN)y lu 10 fiadluanedns PBS fidnsinisauny 20 fadladse

AU
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3.5.3 AMUNUTUNAUIZEUVEY AuPt-Ru d@wsudansusenau AuPt-Ru/RGO Tun1s
USuUsaNuH? GLE
AnwnisiiuUsEansnnnisanasunisuinlndnves GLE aren151d1 AuPt-Ru 1nlgsauiu

[

RGO wilenamduTanuluneulndsn AuPt-Ru/RGO Taevinnswas 0.50 faansuseiadans RGO

9

[y

U311m5 1 888805 AU AUPt-Ru U3u105 1 fiaddns fimnududu 0.10, 0.25, 0.50, 1.00, way
1.50 Jadnsunelladans mﬂﬁ?uﬁﬂmﬂﬁﬂ?{umm?{gﬁamﬂ%ﬁ@Lﬁumm 20 W91 WagyinnTg
\Reuatuu GLE feuiung 15 lulasans idiliuidudanmnutu andudredsindusas
inlunmageunginssunluiafematn CV nuld 5 dadluanedns KyFe(CN)s] Tu 10 fiad
Tuasiedns PBS fidnsInsaunu 20 dadladsedundl mudfaondnwaimadugiuinedie SEM

ey AFM

3.5.4 AMUTUVUNIRNZANVDY Apt

Wnsenwanaduiufivanzanves Apt dmsunslinudiedfiuanuenzinzasse
AFB1 &sdnwnfimnuidudailugag 1, 10,25, 50, way 75 uliluaneans fwseulu 10 Sadlua
#0805 PBS 1A8U GLEAptayreo THNNI5AEURIE Apt Aimaaidudusingg Usuins 15
lailasans uagdisliTiuedonmnd a°C iledestumsaansiiuey Apt thlussavaaungfinssu
msliememain v aeld 5 Sadluanedns KFe(CN)] Tu 10 fedluasedng PBS fisns

A5ALAL 20 UaA1AARBIUNT

3.5.5 AMUINUVUNVANSH@UVDI BSA

MASANYIANULNTUTALZELUDY BSA BeAnwfianadutuluge 0.10, 0.25, 0.50,
1.00, wag 2.00 %umunmeUsuIns Mwseulu 10 daaluanadns PBS 1ne11 GLEaetrurco N
| a v = 1% v o A v a v v | a
HIUNNSIAROUAY Apt 138U388LANTYIINITIATDUALE BSA TIAUINdus99) USu1ns 15
lulasdns waziislidunan 30 vidt-endudilunsiadeungdnssunislaidemada Cv
nels 5 Gadluanedng KsFe(CN) ] Tu 10 dadluasedns PBS 19ms1n15awnu 20 Jaalianme
a a
BivetT

3.5.6 N1sigatananuaiva U BuaIWNHNAT GLEAprwrso

3 3 a A v X ° = o ¢
waUA WD URBSNIINH AT GLE A prru/meo NASI9UY YINAISANELONANHAINIIA1EAIN

wazlAileingg Wy dygruineuazaudinislii lngldesedieigatiendnualianisned 3.8
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M15719% 3.8 iTeallefltlunisfigationanvaluoUndumeselii el GLE, perymco

\3aaiie nsigatiandnual
Scanning Electron Microscopy, SEM msmaaué’ﬂwmsﬁuﬁa
Atomic force microscope, AFM ATIEBUSN WL TN
Cyclic Voltammetry, CV ps1vgeUaNURANIa i
Differential pulse Voltammetry, DPV ps9davauURnIgluin
Electrochemical Impedance Spectroscopy, EIS AsvdaUaNTRANIalTn

3.6 NMsANEIENEIMNIZaNTUAISA5999 AFBL A28 GLEAperuRcO
3.6.1 szazlaanlun1svinuizensenine AFBL wae GLEptawreo

Tuns@nwssgsnain1syiudasendu AFBL latinsuneaaulugianan 10, 20, 30, 45
way 60 Wi InesnasanwilunnududuLes AFBL iuand1aii 3 526U A9 0.3, 3.0, way 30.0
filanfusioRodans dnsunsmaaovilld GLE frunisusudsiiufiafe Tanuluaoulnds
AUPt-RU/RGO 52%ia Apt waz BSA Tumnududuisnyanuds anifunesaisazans AFBL 7
At unteg asuutalii GLE LLazﬁﬂﬁlﬂﬂu@Qmmm%yummwzmmﬁé’faqmiﬁﬂm
MEWINATUTZEERAIT Fua S enasa et allfing10a15azae PBS kavinluiinsis
ngfnssunsliimewmetin CV adeld 5 ladluasedns KylFe(CN),] Tu 10 Jadluasedns PBS

Ao a A &1 Aa a
NERIINTARNU 20 TaalIedreIud

3.6.2 pH vadrsazaneUniwes PBS

Tuns@nudninates pH vesansazareSnendildlunisnsiadn lvinisnageulugag
f1 pH 5 6 7 8 waz 9 Tnedhn1suSurn pH vawEsavaneswiled PBS uenant definwineld
anududures AFBL flumnsnsffu d-sesu tiud 0,0.3, 3.0, uar 30.0 Alansusiedadans st
fuflunsmutuneuntmaaeufiesunelilude 3.7.1 Tael¥Bidnnsafiusutssiuia uasvhnig
ArszingAnssunslniisewmaila CV nels 5 dadluadedns KylFe(CN)g Tu 10 Jadluasie

an5 PBS M199510158@0nU 20 Nadlanmaiuld
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3.6.3 PBS concentration

Tun1sAnwdnsnavesrnududuvesaisazans PBS Aldlunisnsiata levinismaaeu
Tugrspududu 5, 10, 15, 20, waz 40 Aadluanedns IneAnwiluannsfidanududuves
AFB1 @naiu 4 s¥eu TewA 0, 0.3, 3.0, kag 30.0 AlAnSumaladans NNt TAdEUAN
Tunoufiszyludo 3.7.2 Ineld3i8nnsafiiunissuuseiuiatsusenuds wluasaaey
ngfnssunalwimemata wala CV auld 5 Jadluanedns KsFe(CN)s] Tu 10 Jadluasie

an5 PBS 19751711580 20 1aaNannalulil

3.7 MsUseiiudsednsnnvaswaumidua SR Al GLEAptrymco
3.7.1 MSANYIAMANBULVBINITIATIEN AFB1

vnsUFuUssiuives GLE Insmsindeuanuiluneulndn AuPt-RU/RGO U3uns 15
lulasansasundalulin udAdiluganaufuauiaatia anduriinisdsdas PBS wagven
Apt fiannsidudu 25 wiluluadedns Usinas 15 lulasans dsliliudsdignmgd 6°C soundns
wazven BSA fimnudidu 0.259hmiinsdauinas U3nes 15 lailasAes udaiiel 30 wil feu
¥msaseen Anidumen AFBT firnnudiudusineg asuudalwit A3 30 wit uddseenuas
asIvdnaamala CV lneldaisazate 5 Sadluasnadns KlFe(CN) ] 1120 Jadluasnodns PBS

(pH 7) M9wsINTTaunU 20 dadladsadund aadnusvaIn1sAnwIkandlunisNad 3.9
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AMENYUE

d1vazaneuInsgIunidlunisiiasie

srgazdean g iun1sUseLuY

1. ﬁﬂ‘mmmLﬁul,ﬁumwmmsmm

A8 AFB1 (Linearity)

2. ANWIANULNEIUBINITIATIZI

(Relative Standard Deviation; %RSD)

AFB1 - flanudiusi 0.30, .00, 6.00,

12.50, 18.75, 25.00, way 30.00 filAnSy

foladans

ASN9ANNITEUATE: Y = mX + C
WamunAduUsEansn1sinaula (R?)

NAFBUNANUIUTURY 2 90

SD
RSD (%) = = X 100
19 RSD = wlpdmideauunasguduing

X = ARV YATBYA

SD = ANdyuLU8auUIINTFIUYRINISYINGY 5 91

6

3. ANWUAIAAANGAVRINITIATIE
(Limit of detection, LOD) kasdnannia
AEAYDINITIATIEMBUTLa (Limit

of quantitation, LOQ)

a1savaleUnos PBS

3 (SD wes GLEAypPt—Ru/RGO)

Aanudy (m)

LOD.=

119 SD = AdiUgauuinsgIuYen1svingt 10 6

LnefiduUssAnsuedndeauuninggiuves LOQ = 10

4. ANYINISLADNIWNIZUDIID AL

(Selectivity study)

AFB1, AFB2, AFG1, AFG2, ZEN, OTA,

LAZANTAZAIUNANVDIAITUNINT AN

WUty 3 YlunSumelasans

PNAADUNANUILTUAL 2 T
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3.7.2 Anw1308asn15AUNAUVBIIT AT LUADENINANN UINNIINITNYAT

A153bA512RUSUN AFBT TUA9819HARN UM NIINITINWAT WU NINLAILTAL, NTLLBY,

'
v a a

faas, winlve, uazdnmeuuzalng Aldaneantauazynmsiiuinumeldanneitannuiy
flgaumgiivies (30 + 5°0) Wunanedties 6 ou Tunsunusieuiiedieduannisuaiiegs
ihanin 5.0 n¥u antdurinsasadeuniuea 60% Tul3ums 20 daddns wieudulradu
anudgedansilsdafunat 20 i ndaainidu vnrswenarsazarslasnisvyundsed
A1UL57 11,000 souseud tluar 15 il uaasesrIunszA1¥ns09 Whatman No. 42
ntunsesdnasaiussiusiluasuruingngu 0.22 lasains uwazih 10 faddnsasazany
feganuiuUsInesdu 50 fadansse 10 dadluariedns Twiles PBS ieldasaiaudn s
vihnsiduansuinsgiu AFBT Wildaamiduduaeyined 3.0, 125, 25.0, 25,0 x 10% uay 50.0 x
10° flendurediadang udsnii dregmnadnaegnitluieseidouotpudumeslniiieg

o

v 6 a & Id (4 A v Y v 1 dy
GLEapt r/rco BATRARNSIINANTILASITIRZANA I TUSBEaENISAUNGUAEENASAIRB UL

Y

Y ANTA Spiked sample—~Sample
SDYATNITAUNGU (%) = x 100
Standard

o Spiked sample @B AINNLNTUTDT AFBL TuiiednwiaIaniAiL AFB1 1ansgu
Sample AB ANUTNTUUDY AFB1 Tusegna

Standard AY AIILNTLYRL AFBTL 17RSgIU

3.7.3 A57989UA2NUNY 2DV U NT U S INH WAL 65190 UAUNITILATIZH
USunau AFB1 Aenaiia HPLC-FLD

= ~ v = ad v £ o a & a

Wisuilsuanugndsevesaunduasiniuainasisuiunmsinsgivsuiu
AFB1 Tus10819man i g n19n15nwAsAUISUIRSIN HPLC-FLD lnefiiag19as60riini1sin
ayﬁuéﬁau TRgBUNUARBE19UIMNN 5.0 NFU NUUYINNISATRAISUNIUBE 60% TWUIUINS

A aa Y ) v A a o a & ~ Y] & °

20 fiaddns wieudulvirduanuigedansledaiduniat 20 Wi wdeINdU NN
ansazanslaen INYUINEiANE7 11,000 seuseunyl 1uan 15 uiil uaznseswiunszany
n389 Whatman No. 42 91ntiunsesdnasaiuususuluasuruingngy 0.22 lulasins wazih

10 Hadansansazatemiagauusuusuwsidu 50 Hadansale 10 Nadluanedns Uniwes PBS
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thansazanefedaiunng 2.0 fiaddns inssmeuisneliufalulnsiuiigumgiivies ndsen
thy Meghefiuraudaundu AFB1 Tunrandudu 25.0 x 10° wag 50.0 x 10° Alanfusodns
U305 1.0 SaddAnsuasvinisfneyiusdisansazannay nsnozddnidudu: i TFA Tu
das1dn 1: 7: 2 TneuSums Usunns 700 lulasang lusrsdansluiafigumgil 50°C Hunan
30 wiit Mntfuseligamgivesasarasfusuivgumnireuaznsowiiuusiusuluaoud

uIAgNTU 0.45 TulAsiuns neunsiAsIzae HPLC-FLD Tneflani1iesnae danns1ein 3.10

A1519% 3.10 @n1zves HPLC-FLD

W15190L005 sneazLden

Column C 18 - Reversed-phase

4.6 mm x 150 mm x 5 pm particle size

Column temperature 2R

Detector Fluorescence detector: excitation 365 nm-and emission 430
nm

Mobile phase Pump A dhnaudsaenntess 0.7 faddnssout

Pump B Lunuea 99%: oxdlelulasa 99% (6nsndiu 1:1)

0.3 Jadansneunyl

Stationary phase C 18 ~ Reversed-phase
Flow rate 1 {iadansrauli
Separation time 0-15 1%

Injection volume 10 lulasang

Mode Isocratic

3.8 ﬂ’]’i'e]aﬂLLUU‘lgﬂLﬁ%Emﬁ’Jaﬁj’NLLﬁx‘VIﬂﬁB‘U AFB1

N1SHAIUIYALAS BUAI0E 1A NAdU AFBL uoUnduaslui el GLEAprupco WY
HANAUININITNYAT WNBLLANAEAINtUNSS uBgkaglduuentesUjURnIs Tne
Toyailuveyawsuufiing1uazNAaeay AFBL kanwiw13 el 3.11 Mmegrenlduseneulusie

NARAUNNIINITINEAT WU WENLAWIA, NSELTEY, 02889, WININY, wazdIveuuLd g @1ul1se

a

nradalafmnududusingn 9 x 102 Alansunefiaddns et lWil GLEAp.pwrco AISNULIN

a

gaunndl 2 - 8°C uaztdeenislauuaan Wiedesiunisaaieiiegaweuniuesnldiduansd
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Jumzsio AFBL melugamiendiodwasnagou AFB1 Usznauldsog 1) T2 GLE v
rwRco 2) VIANANERNANAAIDY1 3) VIAUTTATALANLUNIUBA 60% E1MTUANNAIDE
(Reagent A) 4) ¥InUTTIATAzae U PBS (Reagent B) 5) la5eA vu1a 10 addns 31w
2 U uaY 6) NavANEAENTAYANH Qﬂﬂiaﬁuﬂﬁéfaqmi U LASBIUAFIENS, LATBeTS, Tnines

waziinsotleSeAvuingngu 0.45 lulasiuns

Bnsatauaznaaouiiognwinldsuneuselul

1) undegnaimin 5.0 NS ldadtumewanadnatniogng

2) ansdmsuanasietne (Reagent A) Tulsuing 20 daaans Lawg1Uszanm 5 Wi s
fisliuingiusetannagnou

3) LAvansavangdegie 1 Jadans unieatndu 5 9addns seaisazansUines
(Reagent B)

8) venansazaesa 1 nem asuua L GLE spt rumco UHI0dnURATen (3enauden)
EaDANNEIIATATY

5) siavalniaiield 30 wah neuaABasazatuUWines (Reagent B) LazdnA1n151

Ty n8AIad Potentiostat saamaila DPV
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M13199 3.11 Tayailuresynnsuuiiegauasnaaay AFBL

Wt s8azdn

meogeingau NARSTVIINSNAT (WINUAILS, nTsiiioy, fdas, winlne,
wazdnavenuzdlve)

AnFiAnN15n970 9 x 10° WlAnSusieladans

ASLAUS Tugfudl 2 - 8°C idssnsTauuasuan

SYYLIANNSTASIUAIDYS

Yngunsal

YRI5

40 W17

1) 27 GLE smemico

2) WWNANERNANARIDE19 (Sample preparation cup)

3) PINUTTAANTALAULUNIUBS 60% E1UTUANAAIDE 19
(Reagent A)

4) wINUsTYEIasaneUies PBS (Reagent B)

5) o3 vLe 10 Taaans 2 Tu

6) NADANYARITASANY

1) thenlugaei sadaogis fnnspauaue unmiivanza
susinsyTanasuudleusyminedu

2) agaldd Al GLE 91 pradswatiiAnaulanainlunis
AN

3) sEalAsedanIsims BuLasNAdaUA 10814 19dlenale su

AN EAINGIDYNS
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uni 4

NAaN152uLLaZN159AUS1Y

muia‘i’aﬁlﬂumia%’wLLaﬂmLﬁumai’%ﬂWﬁmaqﬁwLﬂmﬁﬂ%’uﬂﬁqaﬁuﬁaé’wi’aqﬁq
Usznauululanswan AUPt-RU 32070 RGO (GLE suprnunco) HIORTIARATIZAMIUSUNQ AFBI
lundndasininsinuasaignadalniedl Inedaqdausenevunlulasraulagndunsiey
WuIBMsIdntumaaiifienfonduninui sansleindlunnstaeviiujiseuazinnuiuuss
fufaves GLE WisuiuszAvsamlumnsate AFB1 dannisdneseiianifesenauw
TulavgnanuagdusUiouniduiesidouiosud Tuinsfnuiondnwalirian vasuatnn

Wuweswazlszandldlunisnsivliasien AFBL Tundadasivininisinuns

gﬂLmeiﬁmmLLaUmLﬁ?iuLsnaﬂWﬁwLﬂﬁ €\ R
1. duasigviouaiaunlursilnds AuPt-Ru/RGO 738380153 Andumiuaisiuiuaiy
anundans il (FUN 4.14)
i & a 1 o £ v o
2. asntaddninga GLE nurunesrdainglanisldmusalnoutasinunoiunsii
Tl UuiiuRareBunnunduss (Ui 4.18)
3, afraueun i uwosidnesl GLE s rurco MIN13AT39T0 AFBL Aeldnnsildsuulas
Wy Anssunslniininnrsfeasuszneu@sdeuss nang Apt-AFB1 uuuiaBianlngg

(U7 4:110)



78

50 nm

20 mM [PtClg)
20 mM [AuCl,]
20 mM [Ru]**

3 mM PVP

10 mM AA

Ultrasonic-driven chemical reduction method Cont’d
Irradiation power: 130 Watt RGO
Amplification: 25%

Time: 20 min

AuPt-Ru decorated RGO

Unit: mm
1
) \ Gold disc electrode |‘—0'| )
N ;
\ A§ \ ”
150°C heat =
5-mm punched Kapton tape laminated n

2-face electrical conductivity
copper tape

Gold leaf on

Kapton tape substrate ﬂ

Electrical
contact

Step 1: Thiol-5" modified
Aptamer (Apt)

L VAVAV/

Step 2: Bovine serum albumin
(BSA)

9

Incubated at 4°C

S

Trimetallic
AuPt-Ru/RGO
———
- Dried at RT
Disposable and low-cost
goldleaf electrode

Electrical aptasensor

GLEA\\PT—RWRGO

AFBI contaminated Electrochemical Analysis
agricultural products

JUT 4.1 (A) nsdaasgviouniaunlupelndn AuPt-Ru/RGO (B) Tumeunsesniuukayasng

GLE uag (O) Tusaunsasiaaunifuwosiiiel GLEa s rymco WNNTATIVIA AFBL
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4.1 Mmsduassniagaelsznauunlulansiay AuPt-Ru
4.1.1 nalpnsdaunsnziiag@isusznauunlulansuay AuPt-Ru

NNsFLATIERRN1AUTIY AuPt-Ru Hulessumnseaaalsaalsn ([AuCl)), lenes
paslsunanfiun ((PtCl]%), uazlosougiiioy ((Ruj?) Ingld PVP way AA (CoHgOp) tUuans
Snwnaiosnmuarasime augidu lsanansoagUuiseniiatuldsed
Suinile: nsiinansUsynou@sdousewing Au® uas PVP Tag [AuCl] asiinnnsadiaiusele

sofumlanauduuulunumadunyaiiuenda (C=0) lulassasisluanaves PVP

winduansusenau@adauveaa [Au(PVP)CLT Feaanasi (4.1)
[AuCly] + PVP = [Au(PVP)Cl,] (4.1)

Tuiaes: MsTenduresansUseneudedou [AUPVPICLT ¢8 AA Liiewuasu Aud 18u AL Tng
AG® azgn3madidu Al Ieednsmanisufesannaadndlniiidsndues Au® denng
9N AA AU 8N (Eu5+/00 = +1.50 100 Waw Ec o0, c 1,0, = +0.35 1ad Ly
ﬁ’usﬂdfsmmgmlaimwu (SHE)) Tag) AA %158 CHgO, aztinnsuanddlatlu CHOs +
26 4 2H Tudnvazuliendvaunisi 2.1 uasinnissagaet esauadiaiu

lasasAUYeeUnIAUIlY AN (4.2)

[Au(PVPICl,l /+ e = Au(PVP) (4.2)
Tuiay: 9NN ANTUTeIlATIESNKNY AUNPS ka7 d13Usenau [PICLI> asBnduuuiives
AUNPs WK IIUABSI1ad wazdnsldndudssniudgaiaunsaasiseyyadasy
H', HO", HO,', OH", H;0*, H,, way H,O, &4

anesinINnITuRnaIvee taun e,

aa 6

Hreliianissidlossulansauglussuuldieunniu Jsagyinli Pt gnsdadidu P
Ju iiiAneynauIluluuknu-aen AuaPt wasanndu leesu [Rul?* gn3aadidu
RU® uazipdauuuiuiivaseuniadndunils auladuiandausznavunlulans nay

6

AUPt-Ru #9a1n159% (4.3 ha 4.4) Tun1stAnafudumauniIssagaula lasIas1awuy
wnu-lWaenuu @runsanansanlaana@ngliinuesnissandu 1ne E%aspmo = +1.20

Tad uag E% 20 = +0.45 Taad aznudnguukuulassasiednisiseedduniuad

AndlWinSendu Au*t > Pt* > Ru?*
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AUPVP) + [PtCLJ” + auyaddass” — Au@Pt(PVP) (4.3)
— AuPt-Ru(PVP) (4.4)

ee

Au@PHPVP) + [Rul* + puyadasy”

4.1.2 Anwanizimanzanlunisdansiendanelsznavunlulanenay AuPt-Ru

[y

FaniBeusznovunlulanenan AuPt-Ru ligndansgiinuisnnsisndumaeifionde
dunddansleindlunstieiuiten danmensdaaneiannsodmanegusng vun
sumAuazautinshlniies Aupt-Ru feifulunislfudsanmgfmngaudsldinsfn
anmzlunsduaTziionia 5 faulsiail 1) pudidures PVP 9 1, 3, 12 wax 18 dadluase
dns dmiuinwiatiosninveddandalsenouwilulaeras, 2) Anuadures AA Ture 10 89
80 faaluafedns ludmsusaglooaulany, 3) AU NTUIBY RuCl, Tuya9 0.10 §9 1.25 Jaa
Tuarodng, 4) seorrianlunisdnasIeyiil 10, 20, 30, 45, uag 60U WA 5) AINLLIIVEY

(%
Y I

AAUDANS R RAGILA 20 89 40%kau

4.1.2.1 An¥AUYUTUYDRY PVP

9NgUT 4.2A1-0 waasgunam TEM vosaymauilulavy AuePt Weld Pv 4
A uduR (1, 3, 12 Waz 18 Aadluadedns) wuil AuePt iduasziladidnuuei
willsufufadusyniAnsinauLazaudeuseuadIeiUNa waxberry WazeunIAIzdvuInanas
Antesdiofiuanududuves PVP @duunn 46.85 + 6.25 urluiing, 45.87 + 617 uluuns,
43.89 + 521 wluanT 1oy 42,58 + 598 wilumims LAWY Ud PVP amnsaviuihiidu
asdnvnadesnmuar s uIaeseyAtunsruaNmsduaTsAldd e inudud v 1
findluarodng Snvtinuadalninunisnszaigfuaswinoymn AugPt malfiueuidady
99 PVP vilvinsnsyaneiivesuuineumauudalnun sidoauuninmsssesanhlududnvas
nsgaedaliiaunes dowan PvP dunedweiiininluanags dwalvidnisdusisening
sumawilunate g sunAk N TAnTUsE T liRUszasd deanhnisTnauszquuiuiiasae
A3aeTndngdnnuildAiusequuiiuia AuePt gl -50.2 fiadTaad, -56.4 fadlad, -30.1

a  a

fiadladuay -34.0 fadlad wandliiiuinszauiidieyniranaudanududuyes PVP

[ [

a90u uenanilunisfinwingAnssunsliines AuePt Nduasizsils Mlasuinszanialudi

Y

ITO 9uA 1 x 1 WURlATUILAERUAIY 40 INTATANT Au@Pt NALATIZRAEENIIZAINY WAINY

Tlwisluganauiiu anduansdiuiuiiedindy wagyiinisinussdnsammisiningieg
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wadla CV lngldansavany Ky[Fe(CN)g] Wutu 5 dadluanedns luaisazareneanadnines
diudu 10 fadluasiedns Ndnsnisauny 20 fadhasdre il HauansisgUd 4.28 dnwaznns
povauemlliives ITO Wauay ITO AHIuNsUSUUTI uARIY AuePt fian1iznis
Funseailaeld PVP iennadadiusingg nudn MO wWanlinnszudlwiingeaneg 284.82 lulas
weutl wazfisugeand 350,54 lalasuaud Bnvisrnamsnadng (AE) lunnineendindu (€,)
LaLIdnu (E) vasansavansdnenddanadann 0.11231 Taadidu 0.10742 Thad Ganaimanis
vendanruanansalumsareloudidnasouiintures ITO ndsaninsindeude Auapt 7Y
PVP Anuiiudiu 3 dadluasedns usdnszudlniranasdiornnsindou ITO fe AuePt A4
PVP dausaudutuil 12 Sadluadednsidusuly Wesunain PvP i uaewedwesiiluana
unlngiuansngfnssuiduauiuniniile dwaliidenisuatsnasaeloudiannsoures
oA AuBPt Fatiu PYP iannmdudy 3 Sodluasedns Ssgnidenifuarmiduduiianyan
dwsunaliifuasshvnatosnm AuePt sanisTanganssumdliinves AuePt fidunsed

MUlARMULLTUANS VB PVP lAlanInin15 199 4.1

F'
h
=]

£

s

(nA)

3 = 350
! 300 - A_ o
300 4 N

ITO a b ¢ d
PVP concentration (mmol L) //

1
3
2

Anodic current

)

Cu rre.nf (uA) :

1
—
n
<

/ /== Bear ITO
S ~— (a) ITO/Au@Pt: 1 mmol L-!
N\ ~—(b) ITO/Au@Pt: 3 mmol L
—— (¢) ITO/Au@Pt: 12 mmol L'
— (d) ITO/Au@Pt: 18 mmol L

-0.3 -0.1 0.1 0.3 0.5
Potential (V) vs. Ag/AgCl

SUT 4.2 (A) 1w TEM 989 Au@Pt 7114 PVP Waid (A1) 1 (A2) 3, (A3) 12 uas (Ad) 18 fladlua

Y

f9ans way (B) Wa CV 89 ITO way ITO ﬁgﬂmﬁaué{w AuePt 719 PVP Wudu (a) 1, (b) 3, ()

I a

12 way, (d) 18 dadluanedns n1ule 5 dadluanodans K [Fe(CN) ] Tu 10 dadluanadns

asazateeamnTWines Nons1INIsawnu 20 NadlafmnaIuni
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M13199 4.1 wan1siangAnssumslniives ITO uay ITO Migniafeusis Au@Pt NduATIEn

Melansla PVP fianuitudumige

E. E. AE I, I lo/1c
ITO 0.26871 0.15640 0.11231 284.82 -279.38 -1.01947
ITO-Au@Pt, PVP 1 mM  0.27359 0.16129 0.11230 334.83 -318.57 -1.05104
ITO-Au@Pt, PVP 3 mM  0.27115 0.16373 0.10742 350.54 -341.44 -1.02665
ITO-Au@Pt, PVP 12 mM  0.27847 0.15152 0.12695 290.04 -271.25 -1.06927
TO-Au@Pt, PVP 18 mM  0.27359 0.15884 0.11475 293.25 -282.76 -1.03710

4.1.2.2 AnEIAMUUTUVBINIALDEADSUN (AA)

N3UT 4.3A1:4 uanagunn TEM weseyniaululans AugPt Aifinsld AA 7
arududusngg wudvmees AuePt fiduasieilitviniianases e iulidn Tnewudl 65.24
+ 10.56 WLULAT, 60.94 + 7.57 UIlunS, 43.24 + 5.29 unluung way 41.37 + 3.72 w1y
wng 1ileld AA finanandud 10, 2040 wag 80 fiadluanoans muasy dudunaunain AA

& 1 o v v

< aa a = [ ¢ a a Y v
Juans3aad Pieibilesaulansiianissdntunareilulansyszaaud Sununnududuves

2 v
= <@ Y = Y < v

AA 30Ty ABsteliAansTadladTudas naneuayniavnaidn 91nduazgninw
iafigsn ey PP deslsvinmindnddan nudilitanuunnsisfusgeiideddny ddldaog
lu939 -51.0 fladliad ¢ -57.8 fadhad dmdunanisAinuautinagliihssemaila CV wui
SIold AA fimnuidiudu 10 fiadTuadedng sxlirnszualiiingaan Taslddwindy 375.90 lalns
wewt] wargandilewtsudy IO wWan (304.08 lalasuesrl)) Fadunaunainnisioyniadivuned
Anas vlanmnnsvesterinsemisuaundsnunianntudae nsihelouvesdidnaseuds
Aaldsndu dsalieinisiliianas nan1sianganssunisliinues AuePt iiguasizd
melfrnududusiieg 189 AA udnwiiansed 4.2 dufusadenld AA Anududy 10 fadlua

foans uamnuuTuRwINga



(nA)

Current
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Current (pA)

3
350
330 F
310

ITO a

b ¢
AA Concentration (mmol L) 7

d

> j/—BearITO
7 (a) ITO/Au@Pt: 10 mmol L'
(b) ITO/Au@Pt: 20 mmol L
—(¢) ITO/Au@Pt: 40 mmol L!
— (d) ITO/Au@Pt: 80 mmol L.

-0.1

0.1

0.3

0.5

Potential (V) vs. Ag/AgCl

SUT 4.3 (A) 01w TEM w83 Au@Pt Wl AA wlidiu (A1) 10, (A2) 20, (A3) 40 uae (Ad) 80 fiad

luanedns kay (B) wa CV 189 [TO wae ITO ﬁgﬂmﬁauﬁw Au@Pt 7% AA Wty (a) 10, (b) 20,

(c) 40 wag, (d).80 Tadluanedns neld 5 Tedluanedns KFe(CN) Tu 10 Gadluanadns

ansazaneneamnTines NonsInIsdwny 20 Nadladaaiuin

M990 4.2 WA FIANgRNTTUMSINTYes ITO wae ITO Ngninfauniy AuePt duns1ey

Aelansly AA AiRNLTRTUATGY

E, E. AE I, I, I/

TO 0.27359 0.16373 0.10986 304.08 -299.70 -1.01461
[TO-Au@Pt, AA 10 mM  0.27603 0.15884 0.11719 375.90 -365.89 -1.02736
[TO-Au@Pt, AA 20 mM  0.27847 0.15640 0.12207 335.32 -317.18 -1.05719
[TO-Au@Pt, AA 40 mM 0.27115 0.15884 0.11231 331.95 -312.98 -1.06063
[TO-Au@Pt, AA8O mM 0.27847 0.15884 0.11963 326.57 -314.09 -1.03973

4.1.2.3 AnwIAULUYL RuCl,

WatiuANaunsatunsiliiives Auept iaTu Jwihnisduasizieynia

9849 Ru UUNWURI Au@Pt mﬂgﬂﬁ 4.4A1-4 3Un W TEM LLamﬂﬁLﬁudwaqmﬂ AuPt-Ru 7183

sUsazvafliunnssegadiveddny lddneeld RuCl, Tanududuwinlusfiniu (57.58 w

luiuns - 58.37 uluwng) wikilayinsinaAnddan nudnAusyquuinuRianauioUsunn Ru

a9u faud 0, 0.10, 0.50, 1.00, waz 1.25 Tua TasdiAwiniy -57.4, -66.5, -56.2, -51.5 ua, -

46.7 fiadlad Aud1IAU FIVAILINNITIAY Ru 1USu1ad 0.1 Tua aunsatasuadnuadesiyiiu
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[y a

fandeusznavululavenau AuPt-Ru 1# uslumandufuBeuiun Ru inndudwmaliuszquu
flufnanasedadaiios uandloth AuPt-Ru fidanszsildunasaaevandinsifidemada
CV (5Uf 4.48) wudndlofiniadin Ru aglianssudlniiiigedu Wefeuiy Auept filsifimaiiu
Ru Tnendleldf Ru 71 0.10 Tua sglviAnnszualiingeiign (405.70 lulasuend) wsiiiloy3uas Ru
a1l Anszualwihazansag ownnniiansavauveseynia Ru vuiluAies AugPt fiun
Fu ylvusnadiannsafiaufasenlaiued (Electroactive area) gnuden 4sdwals
Usgansnmaeadunianisaeleudidnaseuanad Inenan1sianginssunislniinves AuPt-Ru
fidnaszineliusunmusigg ves Ru Idianifmnsed 4.3

500

400
300 4 =

0.00. 0.10 050 1.00 1.25
Ru content (mole)

w
*
S

Crrent (pA)
g

w
B
S

—
>
=l

=

— 0.00 mole
0.10 mole
0.50 mole

X — 1.00 mole

B [ — 1.25 mole

-0.3 -0.1 0.1 0.3 0.5
Potential (V) vs. Ag/AgCI RE

sUT 4.4 (A) 0w TEM v89 AuPt-Ru el Ru (A1) 0.10, (A2) 0.50, (A3) 1.00 ua (A4) 1.25
lua uag (B) Wa CV 199 1TO way ITO ﬁgmﬂﬁauéfﬁa AuPt-Ru isld Ry USunad 0, 0.10, 0.50,
1.00 wag 1.25 lua neld 5 faaluaneans KFe(CN)] Tu 10 Tadluanoans arsavangnedin

[y

Jlas NonsINIsawnis 20 Jadlaannaliulfl

M15197 4.3 wan15iangAnITINliinves MO wag ITO Migniadeausie AuPt-Ru NduAsIE

AelAUINIUAN99 V99 Ru

Rouly E, E. AE R I 1/l

Au@Pt 026871  0.16373  0.10498  347.26  -33093  -1.04935
AUPt-Ru, Ru 0.10 mole 027359  0.16129  0.11230 40570  -385.60  -1.05213
AUPtRu, Ru 0.50 mole 027603  0.15884¢  0.11719  389.06  -368.32  -1.05631
AUPt-Ru, Ru 1.00 mole 027603  0.15396  0.12207 37698  -354.10  -1.06461

AuPt-Ru, Ru 1.25 mole  0.27847 0.15396 0.12451 379.77 -358.64 -1.05892
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4.1.2.4 RnW15282AINTEUATIZN

91n3UT 4.5A wans Cyclic Voltammogram (CV) 483 AuPt-Ru fidaiasneilagld
nanlumsdursesiiniinmsisndumaaiifiofoeduauisansledndlunistievhufisen
Tnglsmnuussmausansloiind 25%uoud Wunan 5, 10, 20, 30, wag 40 Ui LLasgﬂﬁ 4.5B
uansrnszualiingsgavesusazaniznsdaunsied anwanisvaassmuinileldnalunis
dawiiitfes (5ufh) e1vdmaliAnfisenfildauysaldmalianszualainddaldm udile
TWszoznalunisdaunsiedt 10 uay 20 Wil ouniauluiildaglvianszualwiigsiian Ao
392.91 uay 39355 lulaswend sddu uasndolinananniiuludausd 30 uiiduduly 919
dsnalioymaiinnisaaeild esnnmsledudsinnudsanslelausnainaginisadna
anseyyadaTy WU H' uay HO flinannnisvhateiussvasluanaiudagiieWiAngangiiuay
anuduiiganeluszuudeuionty fufussesnamnisdauamesdludag 10 89 20 Wi 39
WngaNAendLATviagdelssneuwnlulavenal AuPt-Ru Han1siangAnssuniglniinves

AUPt-RU M158881181N1564AT190N99 TALAAIAIRISINT 4.4

500 410

300 - 390 -

100 -

S
S
L

Current (pA)
w
2

Current (pA)

-300 A

-0.2 0.0 0.2 0.4 0.6 5 10 20 30 40
Potential (V) vs. Ag/AgCl Sonication time (min)

UM 4.5 audinialniin (A) CVuag (B) nsmiuanspnseialiinasanves ITO figniadaumie
AUPt-Ru 1528213810158 96A5189% 5, 10, 20, 30, way 40 w1 aela 5 4adluansans

Ks[Fe(CN)s] Tu 10 Hadluasiodns @15azatsUnwas PBS M19msin1sawnu 20 Jaaliasseiui
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Rouly E, E. AE R I 1/l

AUPt-RU, 5 min 026138  0.15396  0.10742 36845  -345.16  -1.06748
AUPt-RU, 10 min 0.26871  0.15884  0.10987 39291  -37525  -1.04706
AUPt-RU, 20 min 026871 016129  0.10742 39355  -379.83  -1.03612
AUPt-RU, 30 min 027115  0.15884  0.11231 35298  -336.66  -1.04848
AUPt-RU, 40 min 027359  0.15640  0.11719 34379  -332.45  -1.03411

4.1.2.5 ANWIANULSIVRIAAUD AN DA

INFUTN 4.6A Uang CV. 989 AuPt-Ru Nidaaneilaglinnuussnaudansilolia

7l 20, 25, 30,35, uaz 40%uouT WU 20 T UarsUR 4.68 wansdnszualyingIgaUeus

A¥AN1IENITHUATIEN AINRANUIINANUESS 25%uaud ansnsalienssualnilngeiian s

390.55 lulaswond wadildenuussrdudansadentseiuly 20%uweoud) a1vdaalitinnig

SN ey sallaunediuszeznmnsduasizy uazialdmnuusaais 30%ueud Yuly

dealiouniatinnisaaiesiale dealvinisualniiranad Asuadnuussraudanslalind 25%

word FumunzaudenisduasIeviTanwssEneuilulavenas AuPt-Ru NannsIANEANTIUNIg

Thwed AuPt-Ru igATULTIAGUSanTIBEARTSY) tALEAIFINNTIT 4.5

A

300 -

100 -

Current (pA)

-300 -

—20%
—25%
—30%
—35%
—40%

-0.2 0.0

0.2

0.4

Potential (V) vs. Ag/AgCl

0.6

410

w

°©

<
1

Current (pA)
w
3

w

n

S
1

20

25

30

35

40

Amplification power (%)

JUM 4.6 audEnialniin (A) CV wag (B) nsminansAnszualiirasgaves ITO Nigniadaunie

AUPt-RU N IANULIIAAUTANTNINALUNITELATIEN 20, 25, 30, 35, kay 40% waud neld 5

Jadluanodns Ks[Fe(CN)e] Tu 10 Jadluanedns a1sazareUnines PBS ons1n1sawny 20

Taalhasnneiuni
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A58 4.5 nan1siangAnssunluinves AuPt-Ru MldAuLssnaudansletaiee Tun1s

Fuaszn
Jouly E, E. AE l I I/,
AUPt-RU, 20% 026871  0.16373  0.10498  340.75  -32027  -1.06395
AUPt-RU, 25% 027359  0.15884  0.11475  390.55  -377.53  -1.03449
AUPt-RU, 30% 027359  0.16129  0.1123 37511  -36264  -1.03439
AUPt-RU, 35% 027359  0.16373  0.10986  363.2 35167 -1.03279
AUPt-RU, 40% 027603  0.16129~ 011474  361.58  -35277  -1.02497

4.1.3 nMangatlionanealvesiagdeusznauunlulanzkay AuPt-Ru

NanITIATIEaUNMIY FTAR vesian@elsznovuTulanenau AuPt-Ru fiduasiz
Tngld PvP ifuassnunadosninuas AA (Juansiaad uanadsgud 4.7A Tao AA wansiia
ndnealfl 3600-3000 cm L (O-H stretching vibrations), 2914 em™ (C-H stretching), 1755
cm ! (C=0 stretching vibration), 1668 cm™ (C=C stretching vibration), 1321 wag 1024 cm™
(C-O-C asymmetric ez symmetric stretching vibration, aasa1sv) UoNNRTINURAT 1119
et (O-H in-plane bending vibration) [91] a1 PVP nufiatendnwalil 3455 cm™ (O-H
stretchine vibration GUENmiqmﬁﬂmaqaﬁ?ﬁﬁuﬂ’a), 2957 cm (C-H stretching vibrations),
1663 cm™ (C=0 stretching vibration), 1431 cm™ (N-C=0 stretching vibration), 1373 cm
(CH,- bending), 1285 cm™ Wag 1011 cm™ (C-N stretching) [92] é’m%’ui’a@l,%wwﬂaumiu
Tavienan AuPt-Ru nufiAten&nwalfl 3450 et (O-H wae N-H stretching vibration), 3011 cm’
! (C-H stretching vibrations), 1765 tag 1645 cm™ (C=0 stretching vibrations), 1512 cm™
(C=C stretching vibration), 1368 cm™' (CH, bending vibration), 1285 cm™ wag 985 cm™ (C-
N stretching) Lag 669 cm™ (O-H bending vibration). a1AWANITIATIZHVDS AUPt-Ru WUl
nsudues C-O 970 1163 ecm™ lUde 1145 cm? saufisnisafugesiia C-N 970 1011 cm™ U
§1 985 cm! wazn1sanavesruduRiafl 1285 cmt §adsuandenisiinsunsisenvesesmen
sondunazlulnsiounielulasiadimes PVP fivhwihdiduanssnwaiosam vonani s
Usinguesiia C=0 1512 e waz O-H 71 669 cm'? é’q%IﬁLﬁu5QﬂWiﬁa§stuaqaws 2,3-diketo-
1-gulonic acid (DGA) fiAnTuannsanedies AA Tuduseunsifidlossulans DGA iy
flefduitdrdyAeminsuenda (-COOH) fiansaduriveymaunafitifiuifiuanuafosves
Tasvadrevaquiluld srudsdmalflassadaduisnvausuuurudousou [93] Insagudely

[y a

ASZUIUNSEUATIEMTAARIUSE UL UlareNal AuPt-Ru 1ull PVP way AA N928luni1ssnen

q
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iafiosnmveslassaiisoynin dmsuna XRD iunsdnuilassaiisudnues AuPt-Ru fsgui
4.7B Imaﬁwmﬁmﬂ'wmngmwu'ﬁ'gm 20 Haus 5° 89 90° WUANNNTLALUUT 20 = 38.2°, 44.4°,
64.6°, 77.6° uay 81.7° fidenndosiuszururesaynianes Ao (111), (200), (220), (311) uag
(222) Fadulassa1sndngnuirArfiuy face-centered cubic (fco) M JCPDF 04-0784 [94] du
gu‘ﬁ' 20 = 39.8° (111), 46.3° (200), 67.5° (220), 81.3° (311) Lﬁuqmgmmuﬁmqﬁ’uaumﬂ
unadity Afilasaasie fec mu JCPDF 04-0802 [95] Tuvazifoadu syniagiidoununng
Lgmwuﬁgm 20 = 37.75°, 44.84°, Iy 58.38° FansauTEuU (100), (101) way (102) Imaf\m
Aeunil 20 = 43.8° deandosiulAsiadis fcc ves RUNPs 1y JCPDS 06-0663 [96] a1na
MIAIzikandbiiiug Jaadadseneuunlulangnau (B1: AuPt-Ru) wazayniauilulavee
(B2: Au@Pt) LLammsL?iymLuuﬁLﬂumimuﬁ’maﬂamnﬂmﬁm Fauanal i Yandasyney
uilulangwasgnanasgrlddisaneismsssndumanaiifelderduauisanslodndluns
PawviufAsen eslsfinnu ldennsansiamuanindeiiuures RUNPs 1¢ lesanUSunaves
Ru ﬁﬁaaLLasgﬂmﬁ’ﬂé@mmﬂmmﬁﬂizﬂau Au-uag Pt N153LATIZRNAUTENOUITI0EAOY
anuzaatl uazndsnuiamileives AuPt-Ru gnasaaaeulagltinaia X-ray Photoelectron
Spectroscopy. (XPS) @klnasu Full survey 989 AuPt-Ru wudeygynaues Audf, Pt 4f, ag Ru
3d Faiinansluguil 4.7C1 annsu XPS 989 Au 4f uanswdanudami ey (BE) fisumis
AUGf,, way AUdfr, 7 87.5 eV Waz 83.9 eV audidu (gﬂﬁ 4.7C2) A uBamiiond 89.7,
88.9, 87.6, 87.2, 85.9, Lay 83.9 eV wanin Au®* dfs ., Au'* af.,,, Au® dfeyn, AU 4f;,, Aul*
af,,, wag AP 4f;, AIdaAU ‘%’!q'ﬁué'fumsﬁa&uisuaaamwaaﬂ%l@sﬁmawaﬂu AUPt-Ru uBNANT
fainsuenefiaves Pt ey Ru msiuanslusuil 4.7C3-4 awdnsdiluuiion Pt af waznsTinAg
LARdAD U NMTeaNTInTuvetuaTi 3 afia 1euA Pt (0), Pt (1), uaz Pt (V) Tnefifinsumied
BE 74.7 eV wag 71.4 eV Seduiusiu Ptaf,, way Ptaf,, vod Pt (0) dnyaudn 4 ﬁﬂagj‘ﬁ BE
76.4 eV (Ptaf,,), 75.5-eV (Ptdfy),), 76.6 eV (Ptaf,,,), 73.2 eV (Paf, ), 72.2 eV (Ptdf,,) waz
71.4 eV (Ptdf,,) uansds Pt ﬁgﬂaaﬂ%"l,@szii‘]u Pt (1) sz Pt (V) Tuvaiziludiuves Ru anndu

6

WUT BE 281.8 eV uag 285.1 eV @9duNUSAU 3ds,, (Ru) hag 3ds, (RU®) AIUa1RU HASNS
wialigudunisiiegvetloosuvedlang Au, Pt way Ru Tu AuPt-Ru uanaIntinsdansney
AUPt-Ru 718 1152a11508udulFaInA1snUAINS9IUYad C 1s kay O 1s §9u191na1s PVP way

AA MAFBUBIUUNURIVDIDUNIAUNIY LAAIAINITIN 4.6



A

PVP

Transmittance (a.u.)

AuPt-Ru

3011
C-H stretching

3450
O-H/N-H stretching

2‘957

|
3455
O-H stretching

CH, stretching

1645

C=0 stretchi
C=0 stretching K

H
1285

1663 »
. 1431}
C=0 stretching N-C=0 E

1373

1755

CH, bending

1:512 CH, bending

C-N

C-N stretching

89

'
'
'
'

'

985
stretching

669
O-H bending

C-N'stretching

Intensity (a.u.)

Intensity (cps)

C=O0 stretching' | __
SRS o) i N
3600-3000 “ a C=C stretching 13217 v N 1
O‘;fos?ret(z(l)ling C-H stretching C-0-C stretching £ beu:l;llz 2_9’-;;( slretcﬁ':g bending
4000 3500 3000 2500 2000 1500 1000 500 30 40 50 60 70 80 920
~ Wavenumber (em™?) 20 (degree)
|
P hC2 Au 4f C3 Pt 4f C4 Ru 3d
\

~ - Ptoafy, fg
g Au’ 46 g e dfy, ‘3:
2 & =
2| 2 | P 4L, 4
= = D
W o -
= = = Ru® 3dy,
- o Ru® 3dy,

1200 1000 . 85'1 600 400 200 0 90 88 86 84 82 78 76 74 E 7 70 280 284 286 288

Binding energy (eV) Binding energy (eV) Binding energy (eV) Binding energy (eV)

gﬂ‘ﬁ 4.7 (A) FT-IR 989 AA, PVP U@z AuPt-Ru, (B) XRD: B1) AuPt-Ru, B2) Au@Pt, thae B3) AUNPs, (C1) XPS survey uazaiunniundnuazidunas
XPS 94 (C2) Au 4f (C3) Pt 4f tag (C4) Ru 3d
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AN519% 4.6 NEINUITUSTYRS C 1s wag O 1s uaz A (eV) ved AuPt-Ru

O 1s (eV) position A (eV) Connection mode C 1s (eV) position A (eV) Connection mode

531.1 - c=0 285.0 - €00)

531.9 0.8 COOH 286.2 1.2 C-0/0-C-O
532.9 1.8 C-OH 287.6 2.6 C-O/C-N
534.2 3.1 C-O0-C 288.5 35 C-C/C-H

MR eidugIInewaslnssei e AuPt-Ru Inamatia TEM fauandusui 4.8A
WUl AuPt-Ru idiasesilifidnwaiznsnaukasiisuisndovudenson ldurugudnaaaie
57.35 + 8.24 unluiums ununansuagwouilvunegi 42.17 + 3.1 uiluling uas 8.1 + 1.76
wluss Mudiu Wetnaanain HR-TEM (gﬂ‘ﬁ 4.8B) sr¥ Lattice spacing ¥9¢ AuPt-Ru
#9 0.220 wiluins SsUammmainmdiszuiu (111) 989 AugPt ithilassastendngnuiar
WUy fee wazna EDS Tuguil 4.8C1-4 wanemsnsvanesresermalangsineg lnsununatsves
sunadunes fdenuendusumaunaiituwaziioynaesgiieunseasuuayniauily
Taviz AuePt atunis ndaiUnnsa EDS (gﬂﬁ 4.8D) wuha 2.12 keV, 9.71 keV (Au), 2.05

Y & !

keV, 9.44 keV (PY), haz 0.24 keV, 2.56 keV (Ru) 21nKaianuad i uszaunnudsalu

o

o ¢ a | aa a o A o A
ﬂ'ﬁa\'ﬂ,ﬂﬁqg'ﬁ'ﬁaﬂL%ﬂﬂigﬂaUquUIa‘ﬁgmﬁu AUPt-RuU WU ASIANTUN AUV DAY ARU

ﬂﬂl U a 1 o aaa
ANUAdans e indlunIstIeviugAze



AudMa

AuMp

Intensity (KCounts)

sUf 4.8 (A) AN TEM LLazﬁaTmLm'iaJm’iﬂizmaﬁwawmmymﬂ, (B) HR-TTEM, (C1) Anwng

Y

ﬁWLLmuﬁaaﬁUsmaUﬁm, (C2) Au, (C3) Pt, thaz (C4) Ru waz (D) adnnsu EDX

4.2 N1589A512% RGO
4.2.1 anuutuvaslans@unmuizauamsuldiduassaadlunisdansizv RGO

INFUN 4.9A UansanasuNIIAANAULES UV-vis 989 GO wag RGO N1lANn153aId
GO mlenn@unanududu 0.1, 0.3, uaz 0.5%weUsuns Tuannsunisgandunaswes GO

WUNANITAANAUABIIIUNYIN 230 UluLUAT Uag 310 wrlwuns FaUa¥fan1siudsusedu
NEIUVDIBLENATOUINN TI-TT* luiuszaaTuau C=C wag# 310 AT @0AARBINUNTT

WAYUITZAUNEIUYDIBLENMTOUN N-TT* Tuiuszasuatia C=0 wWiat GO W1vin1ssAdDse
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a135L8AT1TUNANULUTUAIY NUPAUNATUNITAANAULAUEI RGO 71 230 UlWiAT iANTs
wdeuluil 265 wiluuns wariindl 310 wilwwns el Fwanslimuitngilsidueandiau
UNNEY (-OH, -COOH, -C=0, uag -0-) lagnidaeenluainlaseaine lnemsldansazarelans
PR v v ) & P! P 1Y) v o A A ~ a

FunaMudutunie wudnvaensaendukamindidesiu dalulans@un 0.1% Juiisamely
NNAUATIEN RGO HIWIBNN5IAENIaAil BnviananisInuseaur (U7 4.9B) GO HiA1Uszquy
NURAT -52.3 fadlad wazanasnddainyinnissmdeelansi@udy -40.9 fiadliad, -43.4 a3
Tiad wag -45.1 Tadhad mua1iu JeaenndesiurnanIsaanaukasivdlaiduuuiuiianas 3

danalviuszuuiiuiianasnieiumeiu

1.0 0.0
A —— Graphene oxide (GO) ﬁ— % - -_
—— 0.1% Hydrazine -
230 265 —~ 0.3% Hydrazine -10.0 4 et
0.8 - —- 0.5% Hydrazine | |
— g ~-20.0 1
s 1 E — \
3 —
\3 0.6 / : -30.0 4 \g ‘\‘ B
@ 1 <
2 ! =] = |
g ! £ -40.0 1 | z \
ol |
Eod ¥ 4 : ! -40.9 z
3 ! =%} -50.0 1 '43.4 _45.1
< : g 523
Y X
1 N . .
LY o 60.0
1
) 700 4
1
0.0 — . , ; . AN
200 250 300 350 400 450 500 GO RGO RGO RGO
Wavelength (nm) (0.1%) (0.3%) (0.5%)

JUN 4.9 (A) auUnesunisaanfauikas UV-vis wag (B) ArAngdn1ues GO wag RGO Nlaannisly

TansBuluanssmgNauuTy 0.1%, 0.3%, wag 0.5% Lagusunns

4.2.2 n1sigadiananynl RGO

MNHAMTIATIZY FTIR Tuguil 4.10A ainnimes RGO Aiduasgvidunudiail 1695
cm (C=0 stretching vibration)4az 1514 cm™ (C=C stretching vibration) Fudusnvasany
983 RGO wazn1smeluvesfiaf 3602 e (OH stretching) kag 1062 cm™ (C-O stretching)
fifllu GO uansfamsduasgifiusrauaudiSalunisiidluidu RGO Bnvidluzud 4.108 nng
Aineinnandundndan XRD wuAmsiduLil 26 = 26.5° (002) HansiATIEvieE TEM &
LanIfsd e 9dsIUINGIVEY GO waz RGO 8naie Tny GO wansdnwaziduuduiulazdl
sopeiu (SUT 4.10C1) dau RGO Tildarnnisifndenslensiu uandiifuinusu GO nanedugn

wenoanluunuu19wes RGO (3UT1 4.10C2) Fagudunisdauasiz RGO @159
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> B 26.5°
(002)
g L
g 1695 1514 _ 3
] C=0 stretching ~ C=C stretching &
o
: B
£l co z
E | ! g
s i 1724 1062 =
; 3402 C=0 stretching 1629 C-O stretching
Graphite  O-H stretching C=C stretching
4000 3500 3000 2500 2000 1500 1000 500 10 15 20 25 30 35 40 45 50

Wavenumber (cm')

20 (degree)

—i 100 nm

3U17i 4.10-(A) awnn ¥y FT-IR ves Graphite, GO Way RGO, (B) XRD va4 RGO, uag JUam TEM

(C1) GO, thay (C2) RGO

4.3 A1sad1aueUnduwa s WANAS GLE A prumco

4.3.1 N154519 Goldleaf electrode (GLE)

5-mm punched Kapton tape

2-face electrical conductivity
copper tape

Gold leaf on
Kapton tape substrate

Gold disc electrode

Unit: mm

J/ 150°C heat =

. ~

- laminated i

~

. V‘ w

Electrical iz ,
contact Goldleaf electrode

(GLE)

gﬂﬁ 4.1 Funsumsadis Goldleaf electrode (GLE)

&2 = Y o 1Y £%4 - = " 1 ¥ o v (8% 14
nansiiluenansianulidmiumsldnuionis@nwiviniu leugnlviluldusslevisunisen

v v v ¥

v

Lidnnsdllaqsau Snvvinudividauwlasiion wazseeg1sdedadivesenaisynasaninisunlule
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GLE ﬁa%’m%umaiuﬁmﬂﬁﬁﬁms (ANU813 25 Taguas, AIUNING 10 Hadwns) dn1s
ponuuuLazadadumutunouluzudl 4.11 dwdulfifusevnduweslniiadidmiunis
792997 AFB1 lpg GLE Qﬂﬁﬂmﬁ’mmazmmﬁyuﬁamaiﬁmvﬂwﬁﬂ cVv luansavanensadailisn
At 0.1 Tuasiedns Asnsinisawnu 0.1 Taadsedund stanun 25 seu Fewanisindae CV
LLaqugUﬁ 4.12 nufieuweluAndi 1.35 Taad (Fieufu Ag/AcCl) warfiawelnAndi 0.90 Taad
Lﬁmmﬂmia@ﬂ%m%’uLLaﬁﬁnﬁi’fusumawawaaﬁwﬁagj%guuaﬂqm wumgAnssunsliiaives

GLE Minanluesufufinisianvazaaiondaiutalnfvesdndmidvd [97]

150

100 - Au oxidation \

Au oxide

Current (pA)
\\

100 - reduction — st
Sﬂl
4150 - e
200 1 o
1 1 25".\
-250 r T T . :
-0.2 0.1 0.4 0.7 1.0 1.3 1.6

Potential (V) vs. Ag/AgCl

5UN 4.12 Cyclic voltammogram 484 GLE Tugnsazanensadailasn anududy 0.1 Wwasedns

NOMIINITELNY 0.1 1ARRDIUIT NINUA 25 58U

4.3.2 annududuivianganvas RGO lun1susuusanuia GLE

audAnsliives RGO gadiasngvinnemaiia CV lagld RGO farnududunansiai
18 0.10, 0.25, 0.50, 1.00 uag 2.00 fiadniudefiaddns aUsulgsiuinves GLE m3linsgh
CV yluansazany Ky[Fe(CN)g] wudu 5 daaluanaans luaisazaneUninas PBS 10 daaluane
ans (pH 7.4) meldsnsnisannu 20 daahadseiud lngnsaunudndlniiain -0.2 §4 +0.6
Thadt nansvaaos (3U7 4.13A way 138) wanddifiuinderiinisusuussituia GLE #ae RGO
ﬂ'wmiﬂszLLﬂlWﬁwqqqﬂLﬁusfuaﬂwqﬁaLﬁaqaﬂﬂ 77.33,80.81, 83.01 way 88.89 lulaswaud
d1m3U GLE Wauay GLE fignususeiiufiadae RGO fimnududu 0.10, 0.25, uay 0.50

[y

fadnsuseding mud1au naIntuanseualiihggeanamsniiuaududures RGO 9
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1.00 uay 2.00 fiadnsurediadans nafiunshlnimdminufueiuiage RGO \Wunau
9nlAs9a$19983 RGO 7iillAseas e Tl-conjugated @nusaiianisaneloudidnasaulamniely
spuu denalvimnnszualiiingeaaiutu uasmsanaswesinseudlaimdsanifiunududy
94 RGO (flpsunainnisavaudu RGO vuiin GLE finuniuld Ssdwmalidaanenisaielou
Budnaseuiivinda fadu RGO Ainnuidudu 0.50 Tndnsudediadans Alvrnsvudlniigean 3q

Dupnududuiimungaudmiunisusuuss GLE

150 75
90 A
70
o~ ~~
LR 2
= =
- =65 -
D i
= £
=-30 A ferT= -t =
S} O
----- bear GLE
——0.10 mg mL! 60 -
90 A 0.25mg mL?
-0.50 mg mL!
———1.00 mg mL!
——2.00 mg mL? T\
-150 ; > : 0 ; - . : .
-0.2 0.0 0.2 0.4 0.6 GLE 0.10 0.25 0.50 1.00 2.00
Potential (V) vs. Ag/AgCl RGO concentration (mg mL™")

SUT 4.13 (A) CV uae (B) nanstiiluliingeanues GLE fiUsudseiiuiiage RGO fiamidiudiu 0.10,
0.25, 0.50, 1.00 way 2.00 Aadnsuseladans nels 5 dadluaneans KFe(CN)] Tu 10 Tadlua

Aoans PBS (pH 7.4) N9nsinasawnny 20 dadlhadaoiund

4.3.3 anududuiinizanvas AuPt-Ru dmsuasradusuyniaulunaulnda

AuPt-RU/RGO #ildlun1suulgeiuiia GLE

aunAuIluadulndn AuPt-Ru/RGO Ww3eumeasoansalalla Janlsuseznauunlulane
Weu AuPt-Ru SuffagasazAuanunsatunsialwinnaden Weldausiuiusening RGO

AU AuPt-Ru aunsaviewiunisaelaudidnasauniegluszuuls viliaan1snavausmnelii

' [
aa s

AINATY aussaugneliives AuPt-RU/RGO gniasisvisiewmatla CV 9n3U7 4.14A uag

14B Tmaway AuPt-Ru fidanududusiafufe 0.10, 0.25, 0.50, 1.00 wax 1.5 dadnsuse

a a

19d3n5 AU RGO NTAMUNTUY 0.5 Hadnsunaiadans (8mns1@iu 1: 1 meusuing) annduln

o

pAUdanselANTEAU 25% 1Wunan 20 w1 waziadauatuu GLE Usuies 15 lulasans wun

'
= a

mﬂimaLL@Iuﬁﬂqqammimm%wé’amﬂ‘LJ%’ULwiﬂﬁuﬁaé’w AUPt-RU/RGO Tagfinauann 77.33,

9
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86.94 waz 92.01 lulasuond d1msu GLE wWawae GLE Aiuuussiiufingas AuPt-Ru/RGO 7
Aty 0.10 uaw 0.25 Sadnfusiofiadans pudidu uazAnszudlningeaaifistudios
Sntiesdlauaudutugstu mndusnaadionnududugeds 1.50 fadnsudedadang lns
nsanasasensialiihdiAnnannyiinm AuPt-Ru AnAuludmaliiandeusznouulu
Tavgrauinnsyuiiy Fuihliiiansdavinenisaeleudidnaseuls mnuan1smaassdsagy
¥ anududuilvangaudvivadrseynauluneulndnde AuPt-Ru aanadudu 0.25

o 1

Jaansunoladans

120 75
* / ;\/
Ll =
_ A = ~ 70+
z = = 70
2 =
- D
= 0 =
S S
St S
L=) =
e — — bear GLE o 65 1
60 ~——0.10mg mL?
——0.25mgmL!
——0.50 mg mL*
7 ~~1.00 mg mL!
1 — 1.50 mg mL! \r
-120 T — T 0 . o . . . -
-0.2 0.0 — 0.4 0.6 GLE 010 025 050 100 150
Potential (V) vs. Ag/AgCl AuPt-Ru concentration (mg mL)

£
A a Y

U 4.14.(A) CV uae (B) Ansthlaiigeanves GLE MU3uussitufinsns AuPt-Ru/ORGO finy

WU9W AuPt-Ru 0.10, 0.25, 0.50, 1.00 waz 1.50 Jaansuselagans n1gld 5 dadluanedns

Ky[Fe(CN)g T 10 fadluasiodns PBS (pH 7.4) fisnsinisawny 20 fadlaadaenuni

4.3.4 ANUANTUNNAUZEUVDILaUALUDS

mﬂgﬂﬁ 4.15A Uanaanselningeanves GLEAetawrco lgarnnisnevausanislni
oY Mé’qmﬂﬂgs’wqaﬁuﬁaﬁLﬁﬂimmé”mLLaUmLma% (Apt)‘ﬁ 0,1, 10, 25, 50, kag 75 wiluluase
Ans wuindlovhnisuuugsiiuiade Apt dwalianszudluiingeananasmuaududud
induves Apt Tnsanszualiiigsananasain 66.62 lulasuent aufs 42.10 lulasueut]
dnsu Apt Ainrudududaud 0 89 25 wiluluasiodng nsanaswasAnszualiiigeaniniy
fleann Apt ifulassains ssDNA swalugiingAnssuiduawiumslidmaliaansdaung
nsaeleudidnasouiiuinvesdidninee uazdonududu Apt getausd 25 wiluluadedns

FulU nudranszualniiiaed uansds Apt lignessuudidnivsnegvauysaluas deiuliddnge
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a Y v o a ' = ] ' a a & v o Y
LWNF’]'J']NLGUQJGUUQﬂLWWIW ﬁ]\ilﬂﬁqwamawqmﬂiiﬂJV]'NVLWﬂ']GU@Q@LaﬂIVﬁ@ ANUUY IumiﬁiNLL@‘Um

FuwasSIMANAT GLExprrurco 3080NTH Apt Nauidudu 25 uiluluanedns dwsuluansiil
AMULRNIZL1E9RD AFBL

4.3.5 ANUDUTUNAUZEUVDI BSA

mﬂgﬂﬁ 4.158 uaneAnszlning9gnved GLEpppureo fildnnisnavaumsliii
oY Mé’qmmﬁwqqﬁuﬁﬁLﬁﬂimméha BSA 71 0.00, 0.10, 0.25, 0.50, 1.00 u@az 2.00 %laeIa
foUTuns vdmnldanududuiivingauves Apt wudwgAnssumsliiiiafivesdidninge
Wasulundaannvitnisiin BSA Tnernszualniiigagnanasain 37.03 lulasuend lauds
27.76 lulasueand dw¥u BSA 1 0.00.f11 0.25%nssraseUiuns ilewnain BSA {Wulusiu
vuwlngFufianisthvremsaieloudidnasouiifiedidnlnsn ndvndu el
dudu BSA st 0.25 %laemareuiinng idusiuly dinszudlifigegniiaiasiidesanniiuia
vosdlanlngniinn1sdasa BSA Wwnaqulasasysaiuda il nssualsiirlaiifinnns
Wasuudas fay BSA 71 0.25 %laaanadeusines Suduauuduiivinsaumsunisadng
woum@uwasini el GLErpryrco

60
A B
80 -
260 4 240 E
Z 3
N ]
E40 1 £
= =
o Q 20 A
20 A
0 0
0 1 10 25 50 75 0.00 0.10 0.25 0.50 1.00 2.00
Aptamer concentration (nmol L) BSA concentration (% w/v)

31J17'i 4.15 AnTelaliigegnues GLEApaumco ﬁﬂ’;mﬁu%’uﬁmﬂﬁum (A) Apt 0, 1, 10, 25, 50,
war 75 wluluanadans waz (B) BSA 0.00, 0.10, 0.25, 0.50, 1.00 wag 2.00 %lasuianousung



98

4.3.6 nsigaiionanvaivaawaun@uaWRLAT GLEAprwreo

MRaMTIATIzieyn1AulunoulnEn AuPt-Ru/RGO A1 HR-TEM (3U7l 4.16A1)
wandliifiuineynin AuPt-Ru ilsfeguuusiu RGO Alassadausiuuns Taseynin AuPt-Ru i
Snwarlassaranuuunu-denadiona waxberry wagluzuil 4.16A2 wuszogsgwinadundn
yun 2.29 A, 1.97 A, 1.34 A, uag 1.13 A Geaonadesiuszunu (111), (200), (220), uag (311)
199 AUPt-RU ud1Ay Famsafuanszazseminadundnues Au (111) JCPDS card no. 04-0784)
[94], Pt (111) (JCPDS card no. 04-0802) [95], way Ru (101) lulpssadrevniass (JCPDS card
no. 65-7646) [96] TiwmATeRiFnw1ALITUYaRBszReULulavgNaLL UL -1UFeN
Au@Pt [98] M534AT1391 SAED %03 AuPt-RU (3UT1 4.16A3) uanaasiuiivsueniadnuaizned
ASARAYDY AUPt-RU T155W1U (111);, (200), (220), tiag (311) dnsulpseadns FCC 989 AuPt-Ru
aunn3u EDX (Ul 4.16A0 La Ad.1-3) Buduiniufaves RGO Usznaudaesin Au, Pt uaz Ru
Feusvanfamsduanyiioymauluaoslngn AuPt-Ru/RGO aesaLysal

Tugudl 4.168 A1331A57199 XRD. Hudunisa$ng AuPt-Ru/RGO Taguansgunuunis
Aealunad XRD a9 AUPt-RU/RGO (BL), AUPE-RU (B2), aw RGO (B3) wisuiiteuiiu dnwaus
94 RGO WUAEIgANszUIU (002) 11 2659 Wiosindnwaizves RGO Aliilundn Geaenados
fu AUPt-RU/RGO Yegeaniitas desriu AuaPt aejil 38.6° (111), 44.8° (200), 65.6° (220), uag
78.1° (311) Fasewiuagszunang Au (111) uaw Pt (111) Usdfalassasnaunu-wion Auept
yuefidunindeaures Ru ldusinglu XRD 983 AUPERU/RGO HlssannUSinasuazgnun
UesedayaIaves AuPt

anasy FT-R gnl¥fusunisnas RGO AU AuPt-Ru eesanysal TugUdl 4.16C1 wuns
duiiuansdemyuasnendiau Wu O-H (3828 em™), C=0 (1641 cm™ Wag 1522 cm™), wag O-H
(664 cm™) Fadudnuwaizionzvos AUPERU/RGO alnm3u FTIR 489 AuPt-Ru (U 4.16C2)

v = o

uay RGO (3U 4.16C3) nunmaniRfaenndosiulu AUPt-RU/RGO BsdudufsmnudiFaluns

Y

NALSINVDIULUADUINER
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-4 Au (220)

====y Au (311)

Intensity (a.u.)

i
10 20 30 40 50 60 70 80
20 (degree)

[ S—
3000-2800
C-H stretching

C1

ST

1641 CII, bend:
C=0 stretching Ili 2 | e bas
C=Q streiching | 0.1 bending

3428
O-H stretching

t L /]

3000-2800 Py 1368
. el g t 1 CH, bending
C-H stretching 1645 15,8 g
C=0 stretching =0 stretching

C2 3450
O-II stretching

C3

669
O-IT bending

+

3000-2800 T
C-H stretching 1695 1514
C=0 stretching

C—C stretching

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cmr!)

g‘d‘i?i 4.16 (A1) TEM, (A2) HR-TEM, (A3) SAED, (Ad) EDX w84 AuPt-Ru/RGO (B) XRD wa4y (B1)
AuPt-Ru/RGO, (B2) AuPt-Ru itay (B3) RGO Lay (C) FT-IR 294 (C1) AuPt-Ru/RGO, (C2) AuPt-Ru
Lay (C3) RGO

msitagsilassarsuesaliinldldivatia AFM uag Fe-SEM Gauanslugud 4.17A

wag 178 Mua U lagnuIni Uil GLE A9uTv3uselagiladnuvsuseiaduny 36.67 uilu

¥

wAs (JUA 4.17A1) ndsmnkunszuaunsyhmsazeniuiifomeda cv $1uu 25 sou
meldansagarensadaiiain 0.5 ladedns nuiriufanes GLE danufsuiunazaini
vguszanaady 30.47 uilues (JU 4.17A2) GaRamnnsadaiiinduduazdiovilvanside
Uushaq gneandlatuavarageaniuaniuislussrianssviunsasnudndluih nszuaunis
fnelsiuiddninsndanudsuinndy wazilorhnsuiuugiuiseynauiluneyings
AUPt-RU/RGO HURIU89 GLEjpipco MNAULIT 60,81 WTuies

AME1BT 1183 GLE 990 Fe-SEM (gﬂﬁ 4.178) wanan1sid suntasi datauly

=

lassaseiuiulodinmsusuumieTanenen tnewuiaves GLE (5U7 4.1781) newnisusuusedl

9

a

ANWAZISHUANILEND NAIINNITIARUAIY RGO NUANWazIadLNuTUIalrgdauiuiu (5U

Y
¥

4.1782) FadupuauiRiuves RGO NYeiuiuiialaf Wevinnsuiuugeiig AuPt-Ru Wuid
LAPIANBUZYDIDUNIANANLENT TINTTAN8RIERAZTINISNZNENTBIBUNIAUINEIY F9AAIN
Bawseudunulaenisvenasuazaseliuis il AuPt-Ru sausiulunguluunsda f

wansluguil 4.1783 Tusazfin1suuusase AuPt-Ru/RGO (3Uf 4.17B4) uansdnuwazianie
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1
=

Y9913 RGO Uag AuPt-Ru UnpguituiiiegTiuiu @9a1ndinisiiiuves RGO yilvlliuiiafuin

U Wunadsanisthlulglusnusudidnings

A1 Before acid surface pretreatment A2 After acid surface pretreatment A3 Modified GLE  ;p.rurco
RMS roughness 36.67 nm RMS roughness 30.47 nm RMS roughness 60.41 nm

de

secase WD
Standard 103 mm

20.00kV 13.0 x ETD SE

Ul 4.17 (A) AFM 9843 GLE (A1) riouvhawiazenaituiingonsa, (A2) vdwhanugzeiniiui
P8nA, Wag (A3) GLE ﬁu%uu§qﬁuaaﬁaa AUPt-RU/RGO wag (B) SEM w84 (B1) GLE, (B2) GLEgco,
(B3) GLEAptry %8 (BA) GLEAptpumrco
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nNnsadeusemAaila CV, EIS way DPV Tuasazans KyFe(CN)] 5 Sadluasodns 7
flansazanoviuies PBS 10 fadluasiodns (pH 7.4) (3U7 4.18A-D) N5AAT A CV (3UT 4.18A)
wuhnanevausmsliiiieives GLE wWarilildgnuiuussiufinlvenssudlniingeanog
53.12 lalaswaud LLasLﬁ'm?ﬂJ’(uGiaLﬁaqLﬁ@ﬁmWiﬂ%“uﬂsqaﬁuﬂ’aﬁwi“a@uﬂu 198 GLE prrumco WA
Ansvualniligeagauszana 77.32 lulaswond Fudindu 45.56% osanlasiadreunlunes
AUPt-RU/RGO 7ifis¥Uu T-Bidnnseunuuind eufl dasevialassads uanaind wanis¥n
nszualifiiusmsaunuioud 2.5 s 40.0 fiadlaadsoTufiluasazaeiioaitu (U 4.188)
dewFeuisunsuanipantduiussevinanseualnia (pa) fusinfiaesvesdasawnu (v2)
wagauduiussswitanszuali (pa) Audasiaunu (v) #a5U 41881 uag B2 amdrdy
wuhnsiiaeuuudioiasnsinisauny Anseualiggafiinduduiontu susfoty
nsmnsndenszuitnszuatusniiaestesnsaunuiiamiudunssgandinuaunis lpa (lu
Tasueud) = 16:389v 2 (fadlaaddeiundl) - 0.8707 (R* = 0.9991) FeUsuandengAnssud
mununalnmsteleudidnaseuneluszuuasdenisinsuuiuiadidnlnsm (u Randles-
Sevcik model) Tun s gy E1S (3Uf 4.180) ileTnrasumunisansleouusyy (Ry) nuh
R 199 GLE Busuil 463 lovin (2) wavanaswde 136 waz 62 Tovialy GLE ﬁﬂ%’uﬂqﬁw RGO
(b) UaE AuPt-RU/RGO (€) pmldnsiy anuiieidia Apt (d), BSA (e) oz AFB1 (f) Ry Wiy
74. 85 wag 141 lovii muaIdu JidennaesturanisIAsIE i DPV Iug‘uﬁ 4.18D 7fianwainig
WasuuasegAnssuvnalnifimileudy TaeTaauilunenlndnanuisateiiuUszavsam
nsaneloudidnasouiifuiddninsauaziiorinisnsa Apt, BSA Lazdunu AFB1 Fadfudanis
eleudidnaseurilfiAnnisanasonssualiiigeae laoramarduansdsanudnisaluns

asuaunduwas ATl GLE A perwico
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20
80 { A .
100 | Bl
i
40 e i
50 il &
2 2 »]  *y=16.389x-0.8707
= 0 = R? = 0.9991
Al N’ onn 20 40 60 80 100
E E 0 Scanrate (mV s1)12)
g-‘w ] =80 = —25mVs! :o: B2 e
= i ; 50 —5.0mV s -
O an | ~ B 7.5mv st 29 A
-80 560 © 10.0mVs! Z @ _4‘-""
= 4 7el & >
— @ GLE E Evpea -1 P
2120 - (b) GLE \up¢ o © -100 + N et ¢ y=2.0271x+27.708
—— (¢) GLEgco 0 300 ::‘ : . L Re-09721
P I GLE - " 0 0 E « L
160 @ '-‘“""R" RGO . a_ b 150 . '—40-0 “‘I\ st i Scan ::ne(::\‘ s7) °
-0.2 0.0 0.2 0.4 0.6 -0.2 0.1 0.3 0.6 0.8 1.1 1.3
Potential (V) vs. Ag/AgCl Potential (V) vs. Ag/AgCl
" = 120 I
15 F A S A g.pia ‘ @EES' i»c D c 100
- A R lel\e—e—jre- 100 2
30 | Y 4 <P i E
o 4 Y =
~ 251 nl s f ) 4 < 80 | C
G bo 3 2
- - T T T T T T
g 700 58509 a b cde f
N 154 - E
1 4 500 = a
10 s & 400 Q 401 —b

ll0 15
7 (k)

c-
4

gﬂ'ﬁ' 4.18 (A) n3an CV LLammaé’wémaa%ﬂw% — GLE, -~ GLEggo,

0.15 0.20 0.25 0.30 0.35 0.40

Potential (V) vs. Ag/AgCl

GLEn prr, $8E —

GLEauptrwigo (B) OV U8 GLE prrusmco HaasAnszualnilasanduilsidunes (B1) s1nfides

999N TINTALAULAE (B2) dnsanisawnulugg 2.5 6440 fadladdeiuan, (O) nsw Nyquist

waz (D) N15IAIEY DPV Nkanidunsunsiauivestauaduwastifwaiidnsu a) GLE, b)

GLEgco, ©) GLEauptru/mc0, d) GLEAuperuwrco/apt: €) GLEauptipusrcoraptesa HaE ) GLEAupt

ruRco/pyesivarer N3 AT AA LU sTuansasane PBS 10 adluasiodns (pH 7.4)

il 5 Nadluadodns Ks[Fe(CN)4l

nundandanuamnsansliinadaoatalui GLE Menoukaznain1susuuse ba

fnaleeldaunis Randles-Sevcik (@un157 4.5)

lpa = 2.69 x 10° n*?AC(DV)"?

(4.5)
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lne?l |, wnunszudabiihasgataueluin, n Aediwiudianaseuniaeleulussuu (und
191 n WU 1 @15 Ks[Fe(CN)eD), A wnuiunAndavauisanialwidad (cm2), C As
AU UTUVBY K3[Fe(CN)4] (5 Tadluaneaans), D AeA1dauUseans n1suns

(7.6 x 107% cm?st @1%5u Ks[Fe(CN)g] ‘ﬁlqquﬁ 25°C) wag v ARBAIINTTARAY (Vs

'
=

NNSALIA BRI A maunsonsliliinaiives GLE, GLEaupt-ru GLEReo Wa% GLEa bt
Ru/RGO AANMINANRUAD 10.12 £ 0.27 M15190AAWWAT, 12.27 + 0.30 A15198088L1URS, 13.75 +
0.30 A15190aAWAT wag 14.77 = 0.30 A1519daaUAT G?faLLamﬂﬁLﬁudwﬂﬁiﬂ%ﬂﬂqqﬁuﬁ’gﬁw
AUPt-RU, RGO Wag AuPt-Ru/RGO snefisdiuiifniitinasianansamaliiinaiivesin g
nnsineInIsaseUnduweIn il el GLEAmaurco 818N30aTUANLNTY

9403AUTENBURIEY TARIANTNT 4.7

A5199 4.7 anmefwnzadlunsasiaweuaiduirasnisinied GLE L paurco

fauUsiiAnen annsfivinzay
ANLUNTUVDY RGO 50 faansunedianans
AULNTUUEY AuPt-Ru 25 Jaansusiodanans
AMUILTUY DS Apt 25 uiluluasedns

AN UUDY BSA 0.25 %lagtimitindeU3uins

4.4 n1sAnwrEnIEImNNzaulunIsSAsIIn AFB1L
4.4.1 szamaﬂumw‘hﬂﬁﬁ?mﬁu AFB1

ns@nwinavessrznatunmsviuFseseninsue Undule s AFB1 fiannandudu
snaq Il 0.30,.3:00 waw-30.00 WlanSusiodadans (Uil 4.19A) wuInilenaniuiy nvud
DPV veanaUmiduieslwiliailazaesq anas iilosain Apt figasslivuiadidninsaazdudy
AFB1 Wagas1e Apt-AFB1-complex sndu dlenainisusitiuniy 30 und nszualililiiunnsg
fueteiifudndy Uiiin Apt vutaliihdnisdusu AFBL Winfiuds fefunarlunisyhufise,

U AFB1 91 30 wiisadunaiwmuizaulun1snsiade

4.4.2 pH vasd1sazanaUniwes PBS

naveeAn pH 1utladeddgidinasonisnevaussdluiued (UA 4.198) wasain

iN15An®I pH 5-9 WU pH 7 Tianuduiusiiadunafign (Anuduvesduwinhu 0.3191
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wazAn R? Wiy 0.9982) wiliiled pH wnviSetieenit 7 mnuhinsnevauewesduwesanas
81910 tesnnsnisiasuutas pH ansavitivlaseasns Apt LU?{auLLan%Qﬂﬁwma
denalvnsifeuraszning aptamer way AFB1 touas faifu pH Aunzdmiunisnsaainis
Juansazaneslles PBS 7 pH 7.0

4.4.3 ANnuNTUvasEIsazaneUnwas PBS

aNSNaveInNUTLTUYRIAITaYaY PBS #an15nTI9in AFBL gnnaaeuluyieniy

a  a

Wty 5-40 fadluadedns (3UN 4.190) Ineauidudy 20 Iadluanedns audulunis

a

M9 3nTNANan (1.0325) uwagden R? 71 0.9960 Tumienduiunanuuduresansazaiy PBS ¢
(5, 10 way 15 Tadluanadng) dnarinbiusednsnnassnisnavauasnglwiaiianas 1ieeann
Anudutuvesansdiininsladitesnsalessulussuutiey dwmalinnsaneloudidnasousulid
Usgansnam lusngnauindunainiiuly (PBS 1 40 dadluasedns) lviAnssualniingaaad
geiaudunas R? anas Weswnaindsialessununiiulvluaisagaeoiinelviianis
v d‘&’l’ a a a o v 1 a & o 5 Y v
avauuaruatasEaniiuiaBdnniavinlinisanoloudiannseuanas AaliuAuudy PBS (pH
7.0) Annudugu 20 fadluadadns Jaduanuituimiaisaunsunisnsiain AFBL meuau

AU asN b HANAT GLEAprumco

40 35

B e pH 55y =-0.1279x + 26,616 R*= 0.9836 C
*pH 6:y=-02242x + 27.673 R*= 0,9990
@ pH 7;y =-0.3191x + 29.692 R* = 0.9982

w
=]

DIl 8; y = -0.1627x + 26,146 R* = 0.9846 100
@ pH 9; y =-0.0914x + 23.205 R* = 0.9519 e

T
L Y

Current (pA)
Current (pA)
P

10 A

0
S

——0.3 pgmL! i
—-3.0 pg mL" 20 A
+-30.0 pg mL"

0 T T T T 0 T T T r T 0
0 10 20 30 45 60 0.00 5.00 10.00 15.00 20.00 25.00 30.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00
Incubation time (min) AFBI concentration (pg mL ™)

AFBI concentration (pg mL )

a

sUl 4.19 n3fnwiangiumneanlunisngaia AFB1: (A) La1UfAsen, (B) A1 pH ves

Y

a1sarangUnines PBS, way (C) AUNIuYeIdIsazansuWinas PBS nsainigimatin DPV

nela 5 fadluasedns KyFe(CN) Tu 10 Tadluasnodns PBS

NNsANwIanzMvnzanlun1snsain AFB1 Tnelduauaduwasnisludail

GLEauptrumco @18N30a3UanMzfimunzanlun13niainlafinnsnan 4.8
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A15199 4.8 ANME AN EUNENanDN1INTIVIN AFBL A28 GLEAptrurco

Fauusfianen anmeiimunzay
sreznalunsviuize 30 Wil

pH vesaTazasiines PBS 7.0
ANUNTUUBRIENTaraneUNwes PBS 20 faaluasodng
angn1saTIinmewaia DPV AFnglnHnea9 -0.2 — +0.5 1an

NOM5INTALNU 20 TadlafmeIuni

4.5 nsUseiiuusEnsninvewaumiduwasWANAsl GLEA serurco
4.5.1 NM15ANYIAMANBULVRIIS UNITATIEN AFBL

1. AnwAnududunsevaenisnsiain AFBL A28 GLE pirurco WELNATA DPV

Uszansnmeasweuniduwesiniinailasunisasisgoulneld AFBL Tupnududud
LANANRUSENINY 0.3 AlanSusaiiadans B 30.0 Alansuredadans n31v DPV fisdiunisly
asavane PBS anududi 20 fadluanedng (pH 7.0) 718 KslFe(CN)s) pudiudu 5 fadluase
an3 wandliiuAinssualniiasaraneaiionududues AFBL Ifituan 0.3 Alansusie
fiadians 1u 30.0 Alansusoliadang (3UT 4.20) lethwadlldunaiisnsmiduass ldaunisnis

anneesel nszualih (lulasuesd) = -1.1725 [AFB1, Alansusieiadans] + 64.245 Tnadldn

HuUseansmssnaule (R2) wihifu 0.9984



80

-~ (=)
=] (=]
L

Current (pA)

[
(=)
1

80

0.00 pg mL!

Current (uA)
]

%)
S

=)

2
-
s

Current=-1.1725(AFB1) + 64.245

R2=0.9984

0

30.00 pg mL!

10 20 30
AFB1 concentration (pg mL)

— 0.00 pg mL!
—— 0.30 pg mL!
—— 3.00 pg mL!
—— 6.00 pg mL!
12.50pg mL!
18.75pg mL!
25.00 pg mL!
\_— 30.00 pg mL!

0.20

0.30

Potential (V) vs. Ag/AgCl
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JUN 4.20 Msnevauemabiil DPV uaznsidunsmGonszninsmnudutuues AFBL uagen

nszualniinganlutieinisnsaain AFBL AUty 0.3 - 30.0 AlAn3ideladans

2. N1SANEIAIUNEIVDINITAATIZN

AFB1 91003494 0.3 - 30.0 Ailansuseladans ¥inn1snsiinalewmata DPV 311U

5 A9 AMNTUEIAIIUMIANT ERUUNINTTIUE RN (%RSD) A9n151991 4.9 wudlunis

59330 AFB1 fifndaauunnnsgrudiminseglutiiosas 0.88 §13 4.10 Feuandlyiutisuaymm

WuwesNasvulmn ey

A15199 4.9 LAndAERULLINTHINENNNSVDINITATIVIN AFBL

Standard added Found valued Accuracy Precision
(ug mL™Y) (Mean # SD, pg mL™) (%) (%RSD)
0.30 0.32 + 0.56 106.98 0.88

3.00 3.05+0.79 101.81 1.30

6.00 6.10 + 1.02 101.62 1.79
12.50 12.43 + 1.07 99.47 2.15
18.75 18.87 + 1.73 100.64 4.10
25.00 2521 +0.76 100.84 2.19
30.00 30.08 + 0.78 100.25 2.70
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3. Anundindnfnnngavasn1snsrada (Limit of detection, LOD) wazdadnfnnign
289 N5AATIABIUSUaL (Limit of quantitation, LOQ)

Tumsinwm¥nddnsgalunismsrate (LOD) uasdndriasanlunisiinsies (LOQ)
1§91 5P TaansarateuUasEIsIwIL 10 A%s 91ntuthunduanmal LOD was LOQ Tag

Toaunns fadl

3 (SD of Blank GLEAuPt—Ru/RGO)
Slope

LOD =

bbale

10 (SD of Blank GLE Ay pt—Ru/RGO)
LOQ =

Slope

4léi LOD way LOQ Winfu 0.009 way 0.031 RlAnsusefiadans mudwu Taglden
SD ¥4 blank GLExperumeo HHMSATHIALNMINAY 0.00359 WLANTURDNARANT

4. MsAn¥IAMUE NI NNz YaeUA I Tua s

MsAnvmLdsnsuzve e Guees Wi nadfnmm dulunisnsiadn AFBL 7
lavin1Tmsaadinarssunaunnee laun AFB1, AFB2, AFG1, AFG2, ZEN uaz OTA lagvinnns
s indnssuniuiieanuidudy 3 uilundudefiadans (@egandnanududuyes AFBL 100 1in)
wuirdnszualifigegaiildannisinansmaiiifinsudsuslasediidordidy deiftey
ﬁ’umaﬂimalw%qwaq blank GLEa pt-rumco (g‘dﬁ 4.21) wenand weuniduweslniii

WU GLEAptswrco E9QNATINEBUAIY AFBL NIRINUWNTY 30 WianSusedindans naued

|
=

AUANTIUNIWIIMUATINAY NaftauansnuansReInseiabniigagaidaiau Jelsvenin

waUNEURDT GLEA prruAco NNRUTUTTANUT N 1L NFsie ARBL
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Control- AFB1 AFB2 AFGl AFG2 OTA ZEN Mixture

JUN 4.21 madendumigvoteUniduresnaliilind GLE, om0 dMSUNI05I9T0 AFBL
lundindausimansinees leglianuwuduyesaissuniui 3 unluniusedading (geninAnny
\uduves AFBT 100 i)

4.5.2 An¥1508asN15AUNAUVDINSIATITA LUABLIINAAN UANIINITNTAT

WeUssiiiudsvavsnmasaountduwesvilad GLEA prruRcO 817IUATIVIN AFB1
lagin1slHi5Wuansunesgau AFBL fienudgusg 9 (3.0, 12.5, 25.0, 25.0 x 103 taz 50.0 x
10% flpnsusefiadans) T aslusiog naAn A g N15IAYAT WU NEALASLFT nTEiion 8184
Winlne wavdnavennsalng 9Nt RLAEA LM DsaTMSALAGU (%) 3INNS
yadoudn 3 A%1 uazudndralumTId 4.10 Beswananeasuandliiiudinfesasnisiunduog
Tu29 94.6-104.9%, 96.8-105.1%, 96.8-106.8%, 95.3-105.1% W@z 99.3-107.9% d@1915UNIN
LRSS NsELEa daaas wanlne wazdventzalneg musisy gusiineundumesli

AT GLE A perumco HaAnennlunistialulinsiadn AFBL Tundnimein1sinensasala wazviile

'
a

Wigugunan15ns39inUSunel AFBL Aagwasee HPLC-FLD 715¢AUANuduYas AFBL 91
25.0 x 10% Ly 50.0 x 10? filansuseladdns wuiilinafllunnd1siuegsdtudfny 8nng
waUR LS INH AT GLEAperwrco NE5190UHENMN5095727R AFBL Taludasanududunsn

191 HPLC-FLD Sawansliiufiadnenimlunisnsinin AFB1 ldegausiuduasiaulag
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Real samples

Added (pg mL™")

Electrochemical aptasensor GLE, piru/rco

HPLC-FLD

Found (pg mL™?)

Recovery (%)

Found (pg mL™)

Recovery (%)

Dried red chili 0 0.38 +0.61 - ND?. -
3.00 335 + 1.16 99.13 ND. -
12.50 1293  + 0.49 100.50 ND. -
25.00 24.03 + 1.37 94.63 ND. -
25.00 x 10° 24.96 x 103 +1.01 99.43 26.32 % 103 +0.93 105.28
50.00 x 10° 52.44 x 103 +0.48 104.89 53.54 x 103 + 0.52 107.07
Garlic 0 0.93 +0.21 - ND. -
3.00 4.02 +0.69 102.52 ND. -
12.50 13.05 +0.57 96.84 ND. -
25.00 2554 +0.30 98.41 ND. -
25.00 x 10° 26.27 x 103 +0.40 105.09 27.24 x 103 +0.22 108.97
50.00 x 10° 50.23 % 103 + 0.60 100.45 53.33 x 103 +0.13 106.65
Peanuts 0 234 +0.78 - ND. -
3.00 5.44  + 0.32 103.20 ND. -
12.50 14.44 + 0.95 96.76 ND. -
25.00 2673  +0.78 97.55 ND. -
25.00 x 10° 26.70 x 103 +0.70 106.79 23.49 x 103 + 0.50 93.97
50.00 x 10° 52.32 x 103 + 1.34 104.64 52.76 X 103 +0.21 105.52
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Real samples

Added (pg mL™")

Electrochemical aptasensor GLE, piru/rco

HPLC-FLD

Found (pg mL™?)

Recovery (%)

Found (pg mL™)

Recovery (%)

Pepper 0 1.78  +0.38 - ND. -
3.00 4.83 14.0.69 102.03 ND. -
12.50 13.68 '+ 0:d1 95,28 ND. -
25.00 2595 +023 96.72 ND. -
25.00 x 10° 2627%10° #1.00 105.09 2656 10" +0.48 106.26
50.00 x 10° 5023 x 10" | +1.21 100.45 5030 10" +0.83 100.60
Thai jasmine rice 0 0.46 +0.55 = ND. -
3.00 356 '+ 021 103,40 ND. ;
12.50 1395 +0.60 107.93 ND. -
25.00 2529 +0.24 99.31 ND; -
25.00 x 10° 2571% 10" '+ 0.60 102.84 2352x 107 +0.45 94.07
50.00 x 10° 4971 x 10" '+ 1.03 99.43 4849 x 100 +0.85 9739

°ND.: Not detected
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4.5.3 9352989UANMNLD DV IwaUA U S INH AT aZ19TUAUNITIATIZI

USuneu AFB1 arewaila HPLC-FLD

WalSeuisunadnsnlaanuausmdumasiuiliainu HPLC-FLD wuldunnsngegnadl

Hod1AYNI9ad s 3N1TNAFOU t-test NITAUANNTONU 95% (tiar = 1.0211 LAY Ty =

2.2622) (13197 4.11) Feafuayuitueundumesiiiuednwauundunlnidanuieusindu

7% HPLC-FLD 11913971 Tunisnsiadnusuna AFBL wazudufsauaiunsalunisihluldanula

934

A15797 4.12 tTest: Paired Two Sample for Means

HPLC-FLD Electrochemical aptasensor
GLEAuPt-Ru/RGO
Mean 123.44064 121.09012
Variance 2001.832669 1638.257073
Observations 10 10
Pearson Correlation 0.990394471
Hypothesized Mean Difference 0
df 9
t Stat 1.021070085
P(T<=t) one-tail 0.16694118
t Critical one-tail 1.833112933
P(T<=t) two-tail 0.33388236
t Critical two-tail 2.262157163

wennd ladnsiSeuiguivamiddeargauesduwesiiiialinlddmsunisnsinia

AFB1 1081 GLE A prrumco T0TuaSwusntlduaUnfuwesiniiailifionsiatn AFB1 wagnuin

< e a1 a o oA A v aa Y} o aa v
waun g uleIula LOD ‘1/1mﬂ’mmEJL‘Vl8‘UﬂU’Jﬁmim’JmmmﬂWW%ﬂm’e)us] V]ﬂJi’]‘EJ\ﬂubL']

ITYNBUNUN AILEAIlUAITI9N 4.12
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Electrode Modified electrode Technique Analyte LOD Linearity Recovery  Ref.
(pg mL™)  range (%)
(pg mL™)
Carbon felt PdNPs-boron nitride/L-cysteine/Anti AFB1 LSV Wine 830.0 10%- 104 93.0 - 106.0 [87]
Gold electrode  Chitosan-AuNPs/Anti-AFB1 cv Wheat 120.0 200 - 3.0 x 10* 90.1 - 105.7 [99]
Screen print GO/Hexamethylenediamine/Aptamer DPV Beer and wine 50.0 50 - 6.0 x 10° 84.0 - 89.0 [100]
carbon felt
Indium tin oxide  Mesoporous silicafilm/Aptamer DPV Peanut and corn 2.30 3.0-30x 10° 97.5-105.0 [101]
Indium tin oxide  RGO/Poly(5-formylindole)/Au PEC Peanut and wheat 2.00 10- 1.0 x 10° 97.2-110.0 [102]
Glassy carbon Graphene nanosheet Polystyrene- EIS Oil and soy sauce 2.00 1.0-1.0 x 10? 94.5-103.3 [103]
COOH/Aptamer
Glassy carbon AuNPs-ZIF-8/Aptamer DPV Corn oil and peanut oil 1.82 10- 1.0 x 10° 93.5-106.9 [45]
Glassy carbon Highly porous gold/cDNA/ DPV Corn 0.60 1.0 - 3.0 x 10° 95.0 - 120.0 [104]
Methylcyclohexane/Zr-MOF/Aptamer
Gold electrode  MoS,-RGO/DNA-AFB1/Thionin DRV Corn-oil and peanut oil 1.82 10-1.0 x 10° 96.6 - 109.1 [105]
Low-cost AuPt-Ru/RGO/Aptamer DPV Dried red chili, garlic, peanut, 0.009 0.3 - 30.0 94.6 - 107.9 This
goldleaf (GLE) pepper, and Thai jasmine rice work
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lunswdn GLE TuvesuuRinnstiu Saunuseduegi 0.15 aeaa1s Fegnninvaluilngs
Wedvd vl GLE dguaneauiunisidluiesiinisnnniuazviesuJURnsuinsgiu danns
4.3

A15199 4.14 LanensUIeuTIAveBlanInInUTELANANY

Electrode material Cost per Ref.
piece ($)

In-lab fabricated GLE 0.15 This work
Carbon paste electrode 120.00 [106]
Graphene-gold nanoparticles modified screen- - 13.00 Metrohm Siam Ltd.,
printed carbon electrode Thailand
Screen-printed gold electrode 7.40 Metrohm Siam Ltd.,

Thailand

a s Ay v Yo [ 1 dy a
LEAMISLYZI9K EJLaﬂI‘VliﬂLLUUVI‘lﬂJ‘lﬂi‘Uﬂ’ﬁﬂiULLGN‘W‘L!N’J

4.5.4 N1598NLUUYANTLNATDEIUANAHIU AFB1

Ad1Asy (Keyword): 4aw3uufa8e19, Msnagaun1sliiad, AFB1, HEnfuging

NITNWHT
psAANUNYITUNAR A
- Khattiya, A., et al,; Ultrasensitive electrochemical aptasensors based on
trimetallic AuPt-Ru nanoparticles decorated RGO with disposable and low-
cost goldleaf electrode for aflatoxin B1 quantification in agricultural products.

Microchemical Journal, 2024, 112631.
DOI: https://doi.org/10.1016/j.microc.2024.112631
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J230u Anudsninnsuilnaomsiiuasly lnglangIngAunienisnyns wu o
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wazAuTY ovviliiinn1sUuilowvesasieiidudunsienoguain nilsluan siwivaiilfe
aglamendu (AFs) Jsllmuanunsanenzisels neamiz AFBL Wuansialififiufignaseleeiie
waznuldvesigatuemsniinisuudeu wildsululsnanintesfionvdmansenuseguan

1 dl = < a
BYITULIT FUDNITINUAITU LUUWHQQ

174

n1sHRIYALATENAIaE 1asN snagunlaullazATINIzgs Ingliidedld

=

punsaifudou Tavandunoulunsinisudiogne sudsanUsinuasidedflunsamata
anuddayednsd stunszuiunsnsain AFBL W omutasasvvesiusilae yanaaoud
Wanndulsznous o9 bii 9o sr1Ua MU U TFUE AT (GLE xiprrumco) ©900NLUVLNLA Bl
anunsalfanulfine vieufigunsaimsisdansosafunngdusunslinuluanneialy Tay
Lidndudesindunsluriesufdins lnedoyaniluvesyanioudaog1auaz nnge Uuanafa

miﬂqﬁ 4.15

A1t u glunsnaaaU TakA WINLAILY NS a28ae wSalny tazd1ireu

ugdlvey YoipSeudeguaznisnageuilianansansndn AFBL lavianudiudusngndis 9 x 1073

o U <

Alansusofladans dnsunsiAusnwdalni i A A mmﬁuﬁqmmﬁ 2-8°C gy
wandeensdulatuLasLaslnenss etestunisidetaninuoseunmesidiuanssing
i AFB1 meluyawmseudiae1agnIIvaaoy Usenaunig: 1) T GLE s prrumco 2) 29
NaEANd 1S vaR AR 18818, 3) VINUTIVANTALALWNIUBS 60% F1VTUNITANAAIDES

(Reagent A), 4) vinusTaa1savatedwines PBS @1m35un19139919A308 1908881993 LN

a

(Reagent B), 5) la59Au1u1a 10 faaans I1UIU 2 IU-UAT 6) NaANYAEITALANY WaARIAITY

Y

a

4.22 YALATEURIDE1LAENAOU AFB1 aUnsaliuiiuionasadld laun 1nsesunfiag1s n3ad

1 v
§ Al a a

41 uwarlnines Maueiilasunsesnuwuuimeligldnuanansadniunislanewasiivsednsam
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BnsuszendldyanIsudiatnswaznagau AFB1
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5 1%1) Wansazane i eansudnnvenasuudaliiih GLEp prawnrco USHNNAAMUGATEN (Janaud
) enaoavenasazats 1 vea wdsantusendiidunan 30 i Aeudradasansazans
TWie$ (Reagent B) Litoserhlnnsaadadeseiados Potentiostat tnglfivadia DPV fisguuuy
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M13199 4.15 Tayailuresynnsuuiiegauasnaaau AFBL

e 18808

meogeingau NARSTVIINSNAT (WINUAILS, nTsiiioy, fdas, winlne,
wazUveNLTa )

YATINANITNTIVIN 9 x 10° NlAnSumolladans

MsAusnw iug’ﬁ,s"]uﬁ 2 - 8°C Asanslaunaan

SYYLIANNSTASIUAIDYS

Yngunsal

AN NNAUIZANNAINANAD
115652397 A AFB1 fa2e
wala Differential pulse

voltammetry (DPV)

YRI5

40 W17

1) 27 GLE smemico

2) WWNANERNANARIDE19 (Sample preparation cup)

3) PINUTTAANTALAULUNIUBS 60% E1UTUANAAIDE 19

(Reagent A)

4) wINUsTYEIasaneUies PBS (Reagent B)

5) o3 vLe 10 Taaans 2 Tu

6) NADANYARITASANY

1) szgzhmttunisvindisen 30 wiil

2)'pH 8sensaza1sinimwes PBS 7.0

3) AULNTLYBIEIsaraneUNes PBS 20 Hadluaneans

4) @n1EN15RSIVINRIEWALA DPV Adnglniaaag -0.2 - +0.5
Tan

5) fismsansainu 20 Tealhaddeiund

1) WignlugawIsadaedas fnsaauauaun i ivanza

svsfasyYamsUiiousewinety

2y eeald 2l GLE 91 91adawalfiAnaudanaalunis

JAsaen

3) 52AMSEIINNSLAS BULATNAARUA 9819 819 lanale Su

ANSNYINNGIBYNS
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uni 5

AJUNANITIVL AT VDLEUBLUE

muideiisravanudidalunsaianemiduigeimslaiieduuuldudad GLE 7
Uuussiiuiafooyniauluaeulnds AuPt-RW/RGO AifnuaUniueidmiunsuszgndlily
N1515997A AFB1 lundndneinianisinuyns lagauniauiluaeulndn AuPt-Ru/RGO gn
FupmeiiBnsidndumaniiswsundumuidansisidndlunisvieijise

1. Fan@eUsenavuniulavenay AuPt-Ru gndaasiznnieldnisly pvp Wuanssnw

a IS aa &1 [y A Ao a 6 1 o aaa d‘
WEDYIANNLES AA L‘Uumiimmammaummaaamﬂ%umﬂumsmamﬂgmm dn1Ien

a

winnzaulunIsauAsIERdantslsynavunlulane g AuPt-Ru nfUsEansamwlunsiiunisane

q

=Y

Toudidnaseuiniian Aefidnsdiuanududuasasiulanyloasu Au (I): Pt (I): Ru (1) og

q

v a a o

1: 1: 0.10 fiadluarodns 1 5 Tadns PP luiindu3ins 10 Sadsns lumssnuuadosam
vasaun AU lukayly 4 Jaddns vee 10 fadluasiedns AA Tlunissadlesoulanesiuiunisiv
aumIASanTIltaRNaNIU 25%Amp [Winan 20wt lnseunailfinsnauuasidnvue
AAETURENTOU AnvasUuoynInkuURNULaZIUG o Ineflaumeavesluunu euniaunaiiiy
Wasnuarounmasiiunnszaedalagseu Svunaedendi 57.35 « 8.24 uiluwas wnunang

o w

LAzURUHUWINYN 42.17 £ 3.11 Wlung Uag 8.1 + 1.76 WlUAs Aua1wiy

a a

2. RGO Qndaas1eidusnnnIssanduniaiaiized 3 Iadnsudeiladans GO Usuns
10 fadans selans1Fuianududy 0.1%lnaUsunns RGO
@ L4 = % :%/ 1 o
3. wounuduwe TN lii1LAT GLEAper./meo 198 GLE @Rasistuanuaunasdad
nelan s nULAUNDULAZINUNB AT WA D L URAS AN FITUINUAVUIAAIL
17 25 dadiuns, AUNTI9 10 Aadias LazuIndunIuAugnanewes gold-disc ag# 5

a 1%

faduns FegnusuusianuRgauniauluaaulngn AuPt-Ru/RGO NIAWNTY 0.25 way

(%
) [

50 findnsusiafiadans d1msu AuPt-Ru wae RGO muadu Felvinunianisinujisenlnd

o

WAl 14.77 = 0.30 m15198adLIRT 3NTUUSUUTINURIITIAUTINILIR12908 AFBL 93813

a

P39 Apt ANULTUY 25 Wiluluadeladdns iy BSA 0.25%lavunasnaUsung

waUA DU ININH AT GLEAperureo Na3 190 UIUN5ASI9IAUS UL AFBL Tnganfe

nsUasuLUaIngAnssunslniiaInn1siina1sUsenaulsgoussning Apt-AFB1 UUNUR?
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Fannsvinmewmaila DPV lnganeinzanlunisnsiain AFBL Ao vinnsunalsazany

e e

fegmoansazatsu1nsgIu AFB1 Wunan 30 Wil wazvinisasiatanield 5 dadluasedns
Ks[Fe(CN)s] Tu 20 fiadluanadng a1sazatstnines PBS (pH 7.0) 18nsin1sauny 20 Jadlan

a =

feAuT FananaUseavisnmnnsnTiaTalutig AFB1 Wadudaus 0.3 f 30.0 Alansusedadans
fadrianisngiata (LOD) uazdadrinsganisiiasiesi (LOQ) Winfu 0.009 uay 0.031 fla
n3useliadans aua1du ddnsnisAunduagluyae 94.6-104.9%, 96.8-105.1%, 96.8-106.8%,
95.3-105.1% Waz 99.3-107.9% amsUnSnllasusie nszifiey daas winlne wazdveunza
Tne mudsy wazauEunsalunsias1voweUndumadneblind GLE wrrawsco ag
Tu%929 0.88-4.10 %RSD Innav 19 uuansliuiadantnlunisnsiaia AFBL laogausiugn

uwazdnnuhguazamniauszensldlunnsain AFBL Tundndaminisinynsasale
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Due to the sxgnlﬂant Inuuse in cases of liver cmhosis and hepa(ocellular carcinoma amlaled with the
Electrochemical aptasensor agricultural products ¢ ption ¢ 4 with Afl in B1 (AFB1), there is an urgent need for rapid
Goldleaf electrode AFB1 detection methods. Herein, we prop nsmg berry-like h e AuPt-Ru ticles sup-
2:‘;:;‘1{;“;‘1“’1"‘““‘“ ported by RGO (AuPLRW/RGO) embedded goldleaf as a disposable and low-cost electrode (GLEAumnu/mGo) for
electrochemical aptasensor detecuon of AFBl The trimetallic AuPt-Ru P was hesized through

Agricultural produets

h 1

the ul ic-driven method. The AuPt-Ru- was integrated with RGO to accelerate the
electron transfer and increase the specific immobilizing surface area of the thiol-5-terminated modified aptamer
(aptamer) to target AFB1 on GLE. The electrochemical aptasensor GLEaupi.ru/rGo Shows a highly selective

P for AFB1 through specific hyd bonding and r-x stacking interactions. The linearity of differential
pulse y (DPV) for AFB1 was 0.3-30.0 pg mL " (R? = 0.9972) with a detection limit
(LOD) and a quantification limit (LOQ) of 9 x 1072 pg mL * and 3.1 x 10 2 pg.mL ', respectively. The
developed aptamer-based GLE zuptra/rGo performed effectively in actual samples, with recoveries ranging from
94.6 % to.107.9 % in agricultural products including dried red chili, garlic, peanuts, pepper, and Thai jasmine
rice. The fabricated aptamer-based GLE-decorated AuPt-Ru/RGO exhibited excellent electrochemical behavior
similar to that of a modified commercial electrode, which has great p ial application pects for detecting
AFB1 in agricultural products.

1. Introduction classified AFB1 as.a class I carcinogen [1]. AFB1 poses severe health

risks to both h and Is. It ¢ large quantities of

Aflatoxins (AFs), produced by Aspergillus flavus (A. flavus) and
Aspergillus parasiticus (A. parasiticus) fungi, are very toxic and cause
significant contamination in the food chain. There are various types of
aflatoxins, including AFB1, AFB2, AFG1, AFG2, and their metabolites
AFM1 and AFM2. Among them, aflatoxin B1 (AFB1) is particularly
notorious for being one of the most potent naturally occurring carcin-
ogens. The International Agency for Research on Cancer (IARC) has
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food, especially agricultural products such as dried red chili, garlic,
peanuts, pepper, and rice, and feed, affecting food security and
contributing to global food insecurity {2]. The acceptable limit for AFB1
in various foods has been setat below 20 pg kg ! (64.05 nmol L) [3].

& q ly, the develop of methods with high sensitivity and
selectivity for detecting AFB1 in real agricultural product samples is
critical for food quality control. The electrochemical biosensing
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techniques have drawn significant attention for AFB1 detection owing to
their various advantages, including rapid detection capabilities, selec-
tivity, high sensitivity, miniaturization, ease of operation, and low
manufacturing costs. Several publications have been reported on an
established electrochemical biosensor for AFB1 determination with high
sensitivity and selectivity. An electrochemical biosensing platform has
received much attention for AFB1 quantification by combining bio-
markers such as antibodies [4-6], enzymes [7], aptamers [8,9], and
DNA [10,11] with nanomaterials (NPs). The selection of NPs with large
specific surface areas and high conductive properties is critical for
improving the sensitivity of AFB1 electrochemical sensors. Recently,
some NPs such as reduced graphene oxide (RGO) {121, gold-platinum
bimetallic nanoparticles (Au-PtNPs) [13,14], and ruthenium nano-
particles (RuNPs) [ 15], have received much attention in electrochemical
biosensing. RGO is a nanostructured carbon material formed by stacking
up layers of carbon nanostructured graphite. RGO exhibits tunable sizes
and morphologies with properties of high surface area (>600 m* g’l)
[16], excellent mechanical stability (200-500 MPa) *(1%], thermal
(30-2600 W m™! K™") [18], and remarkable eléetrical conductivity
(>667 S m‘l) and electrochemical activity [197. Inspired by RGO
properties, we have found a novel and remarkable electrochemical ac-
tivity of tri llic AuPt-Ru ticles (AuPt-Ru) supported by RGO
(AuPt-Ru/RGO) towards the electrochemical aptasensor for AFB1
quantification. The Au-Pt nanoparticles (Au-PtNPs) could facilitate
electron transfer, hence accelerating the reaction rate. Moreover,
ruthenium nanoparticles (RuNPs) have long been known for their su-
perior catalytic performance. To achieve the biosensing application of
the found electrochemical activity, a label-free electrochemical bio-
sensing platform was carried out using AuPt-Ru/RGO signal receptor
triggered by a specific target aptamer (thiol-terminated modified
aptamer: 5-thiol-GTT GGG CAC GTG TTG TCT CTC TGT GTC TCG TGC
CCT TCG CTA GGC CCA CA-3; Apt) 120,211, The AuPt-Ru was synthe-
sized by ‘ultrasonic-driven chemical reduction = using . poly-
vinylpyrrolidone (PVP) and L-ascorbic acid (AA) as the stabilizer and
reducing agent, respectively. The combination of chemical reduction
and ultrasonic irradiation demonstrates excellent applicability for the
synthesis of AuPt-Ru. In addition, AuPt-Ru can further fix RGO surface
material. The as-synthesized AuPt-Ru/RGO exhibits excellent electrical
conductivity, facilitates efficient electron transfer, and thereby accel-
erates the reaction rate. It demonstrates strong catalytic performance
and provides active sites for binding thiol aptamers, effectively ampli-
fying electrical signals.

Additionally, the high cost of conventional electrochemical elec-
trodes has spurred efforts to find alternative, more affordable sources of
these metals, particularly driven by the demand for reusable and low-
cost devices. The gold leaf sheets (24 k), known for their thinness and
fragility but high conductivity and chemical stability {22}, were selected

Microchemical Journal 208 (2025) 112631

aflatoxin B1 (AFB1: C;7H;20¢), aflatoxin B2 (AFB2: C17H140g), aflatoxin
G1 (AFGI1, Cy7H1207), aflatoxin G2 (AFG2, Ci17H1407), zearalenone
(ZEN, CygH2,05), ochratoxin A (OTA, CzoH;gCINOg), bovine serum al-
bumin (BSA, CgH,;NOSi,), and thiol-terminated modified aptamer se-
quences of 5-SH-GTT GGG CAT CGT GTT GTC TCT CTG TGT CTC GTG
CCC TTC GCT AGG CCC ACA-3' (Apt) were all purchased from Sigma-
Aldrich (St. Louis, USA). All the chemicals used were of analytical re-
agent grade (AR grade). The 24 k gold leaf (30 mm x 30 mm) was bought
at local market (Krung Thep Maha Nakhon, Thailand). The polyimide
tape (Kapton®) and two-sided electrical conductivity copper tape were
purchased from 3 M Thailand, Ltd. All chemical solutions were prepared
using ultrapure deionized distilled water (DI water, Milli-Q® EQ 7000,
Merck).

The chemical and physical characteristics of AuPt-Ru hetero-
structured nanoparticles were identified by Transmission electron mi-
croscope (TEM, JEM-2010 model, JEOL, Japan), X-ray photoelectron
spectroscopy (XPS, AXIS Ultra DLD, Kratos Analytical, England), X-ray
diffraction analysis (XRD, Rikagu smart lab, Japan), Fourier transform
infrared spectrometer (FT-IR, IRTracer-100, Shimadzu, Japan), and
UV-visible spectrophotometer (UV-1800, Shimadzu, Japan). The AuPt-
Ru heterostructured nanoparticles supported on RGO with disposable
goldleaf electrode was characterized by field-emission scanning electron
microscopy (Fe-SEM,.S - 4700, Hitachi, US), Zeta potential analyzer
(Zetasizer nano ZS, Malvern, UK), and Atomic Force Microscopy (AFM,
SPA400 model, SETKO Instr Japan). Electrochi | measure-
ments were performed with a PGSTAT302N Autolab Potentiostats
workstation (Metrohm, Switzerland) and electrochemical impedance
measurements were carried out with a Gamry Reference 3000 P/G
system (Metrohm, Switzerland). The AuPt-Ru heterostructured nano-
particles supported on RGO modified goldleaf was used as the working
electrode (WI). The Ag/AgClkcl 3.5 my electrode and a platinum rod (1.0
mm diameter) were used as the reference (RE) and counter electrodes
(CE), respectively.

2.2. Synthesis of trimetallic AuPt-Ru nanoparticles decorated RGO

hecitbd

Trimetallic AuPt-Ru ticles were sy by the
ultrasonic-driven chemical reduction method. In brief, 0.4 mL of 20
mmol L~! HAuCl43Hz0, 0.4 mL of 20 mmol L ! HzPtCls-6H20, 40 jL of
20.mmol L™} RuCl3, and 10 mL of 3 mmol L~ ! of PVP were added into a
25 mL flask and mixed under a high-power ultrasonicator (VCX 130,
Vibra-Cell™, USA) for 5 min. Then, 4.0 mL of 10 mmol L™ ' AA was
added drop by drop to the solution and allowed to sonicate for 20 min.
The solution was removed from ultrasonic and then continuously stirred
at room temperature for 24 h. Subsequently, the mixed solution was
centrifuged, washed with 60 % v/v ethanel (C;HsOH), and dried at
80 °C to obtain black precipitated trimetallic AuPt-Ru nanoparticles.

as the base material for the electrodes. Herein, we report the goldleaf
electrode (GLE) fabrication modified with AuPt-Ru/RGO for an elec-
trochemical aptasensor of AFB1. The GLEpuprru/iGo €xhibits great
electrochemical performance in AFB1 detection. The detection limit
(LOD) can be aslowas 9 x 10 > pgmL- ! and linearity is relatively wide
(0.3pg mL ™' —30.0 pg mL ). Besides; the electrochemical aptasensor
GLEAupt-ru/RGO also displays high precision, stability, specificity and has
excellent recoveries in agricultural products. Moreover, the innovative
use of gold leaf sheets as a cost-effective electrode material underscores
the potential for creating affordable and disposable sensors.

2. Experimental
2.1. Chemicals, reagents and apparatus

The graphite power (99.9 %, measuring approximately 20 pm in
size), gold (III) chloride trihydrate (HAuCly-3H,0), chloroplatinic (IV)

acid hexahydrate (HyPtClg-6H50), ruthenium chloride (RuCly), L-
ascorbic acid (AA: CgHgOg), polyvinylpyrrolidone (PVP: (C¢HgNO),,

The ob d trimetallic AuPt-Ru particles were dispersed in 2 mL
DI to obtain a 2 mg mL ' colloidal concentration and stored in a
refrigerator at 4 °C.

Reduced graphene oxide (RGO) was synthesized by following pre-
viously reported procedures [23] with a few modifications. In the
experiment, 5.0 g of graphite was mixed with 5.0 g of NaNOj3 in a 500
mL round-bottom flask. 250 mL of concentrated H2S04 was carefully
added into the flask. The solution was continuously stirred in an ice bath
for 30 min, resulting in a black-colored product. Subsequently, 35 g of
KMnO4 was slowly added into the above reaction mixture, maintaining
the temperature below 10 °C for 2 h to yield a greenish-brown product.
This product was then transferred into a 1000 mL three-neck flask
containing 500 mL of DI water and heated to 90 °C for 10 h. Followed by
adding dropwise 50.0 mL of 30 % w/v H;0, to the reaction mixture. The
reaction mixture was centrifuged at 14,000 rpm for 5 min to yield a
black precipitate of graphene oxide (GO). The collected GO was rinsed
with DI water until pH 5.6 and dried in an oven at 80 “C. The prepared
GO has been reduced to RGO with hydrazine through gradual mixing of
1 pL of 50 %v hydrazine and 10 mL of 3 mg mL ' GO. In order to achieve
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a homogeneous RGO dispersion, the mixture was stirred at 80 °C for 12
h. Afterward, the prepared black dispersion of RGO was obtained.

To prepare AuPt-Ru heterostructured nanoparticles supported on
RGO, 5 mL of 0.25 mg mL ! of RGO and 0.50 mg mL ' of AuPt-Ru
heterostructured nanoparticles were sonicated for 40 min. Afterward,
the prepared dispersion was centrifuged for 10 min at 14,500 rpm and

Microchemical Journal 208 (2025) 112631

through scanning the potential (V) from —0.2 to + 0.5 V at 20 mV/s.
Experiments were conducted in triplicate. The findings were presented
as the mean + standard deviation.

To evaluate the ability of the electrochemical aptasensor GLE zypi.ru/
rco for detecting AFB1 with high specificity, five mycotoxins structur-
ally related to AFB1, including AFB2, AFG1, AFG2, ZEN, and OTA, were

rinsed with DI to eliminate free AuPt-Ru heterostructured ticles,
which were not bound to RGO, followed by drying at 80 °C for 12 h and
storing in a desiccator.

2.3. Electrode design and fabrication

The 24 k gold leaf (20 mm x 30 mm) was placed onto aflat surface of
30 mm x 35 mm single-side polyimide tape (Kapton®), followed by
thermal laminate (Lamirel LMR-220, Thailand). Subsequently, 2-faced
electrical conductivity copper tape (resistivity of 0,003 Q/in?) with a
size of 7.5 mm x 30 mm was placed over the edge of the gold leaf to
reinforce the gold film, aiming to create an electrical contact terminal.
Another piece of 5-mm diameter punched Kapton® tape (17.5 mm x 30
mm) was placed over the gold leaf to define the electrode surface area
(78.5 mmz). Finally, the GLE was laminated at 150 °C. As-a result; the
planar-disc gold leaf electrode (GLE) is in standard width and length of
10 mm and 25 mm, respectively. Afterwards, all GLE were cleaned using
acid treatment (1.0-M H,SO4). The electrochemical cleaning method
used was cyclic voltammetry (CV) with a potential range of — 0.2 Vto -+
0.6 V, 25 cycles, and a scanning rate of 0.5 V s_. Finally, the in-lab-
fabricated GLE was rinsed with DI water, dried with a hairdryer
(2100 W, BHD340, Philips), and kept at room témperature in a
desiccator.

To fabricate the electrochemical aptasensor, 0.125 mg mL ! of the
as-prepared AuPt-Ru/RGO solution was sonicated for 10 min. The 15 uL
of the prepared AuPt-Ru/RGO inks was dropcast onto the surface of the
GLE, dried at room temperature, and rinsed with DI, corresponding to an
AuPt-Ru/RGO mass loading of 14.3 pg em 2 Finally, 15 pL of 25 nmol
L ! thiol-terminated aptamer (Apt) in 10 mmol L " PBS (pH 7.4) solu-
tion was dropped onto the prepared GLEAp.ru/rGo Surface, followed by
incubation at 4 “C until dried to obtain the aptasensor GLEAup: Ru/RGO-
The obtained aptasensor GLE yupt-ru/RGo-apt Was carefully rinsed with 10
mM pH 7.4 PBS and stored at 4 °C until dried. To prevent ific

d. Moreover, a mixture of five mycotoxins containing AFB1 was
also investigated. Each of these mycotoxins was prepared at the same
concentration of 3 ng mL~', which is over 100 times higher than the
target AFB1 concentration of 30 pg mL 1 The GLEpt-ru/rGO €lectrical
aptasensor was incubated with 15 pL of each mycotoxin and a mixture of
five mycotoxins containing AFB1 solution for 30 min at room temper-
ature. After hing the electrochemical aptasensor GLEupi.ry/rGO
surface with:10 mmol L ! PBS solution (pH 7.4) to remove physically
adsorbed substances. DPV was recorded in 5 mmol L’ K3[Fe(CN)e]
containing 20 mmol L “IpBs (pH 7.0) through scanning the potential (V)
from 0.2 to + 0.5 V at 20 mV/s.

2.5. Correlation assay

To compare the significance of GLEpupr.rumco electrochemical
aptasensors for AFB1 detection, a correlation assay was performed using
the standard HPLC method (AOAC method 994.08) [24]. For the
analytical procedure, AFB1 was derivatized with trifluoroacetic acid
(TFA). The mechanism of AFB1 derivatization was shown in Fig. S1.
Briefly, 2.0 mL of prepared sample solutions were evaporated and dried
under a gentle nitrogen stream (N2, 99.995 %) at room temperature. The
dried samples were spiked with different concentrations of AFB1 of 3.0
pg mL™*,12.5 pg mL %, 25.0 pg mL~%, 25.0 x 10% pg mL %, and 50.0 x
10° pPg mL . Then, AFBI was derivatized with 700 L of a 1:7:2 vol ratio
of concentrated acetic acid, DI water (H0), and concentrated TFA
under a 50 °C ultrasonic bath (DR-P30, Derui) for 40 min. After cooling
down to RT, the derivatized AFB1 was diluted with 1 mL of 3:1:1 of DI
water (H0), 99.9 % CH30H, and 99.9 % C,H3N, followed by filtering
through a nylon membrane with a pore size of 0.45 um (CNW Tech-
nologies, China). For AFB1 detection, HPLC system (RF-20A Prominance
LC-20 series, Shimadzu, Japan) connected with a C18 capillary column
(4.6 mm x 150 mm x 5 pm particle size, GL Sciences, Japan) and a
il e detector (RE-20A) with excitation 365 nm and emission of

2

binding of AFB1 to the Apt, 15 pL of 0.25 % BSA blocking buffer was
dropped on aptasensor GLE y,piru/rco and allowed to dry at 4 °C for 30
min. Finally, the in-lab-fabricated af or GLEA puru/RGO Was Ob-
tained and stored at 4 °C for characterizations and further use.

2.4, Agricultural sample preparation and AFB1 measurement procedure

Agricultural samples, including dried red chili, garlic, p

430 nmwas used. The column was equilibrated at RT (25 + 5°C) witha
constant flow rate of 1.0 mL min . The AFB1-derivatized sample (10
uL) was injected into the HPLC and eluted usinga mixed mobile phase of
3:1:1 of DI water (H20), 999 % CH30H, and 99.9 % C2H3N. Data
acquisition and processing were carried out using LabSolutions software
version 5.92 (Shimadzu Co., Ltd., Kyoto, Japan).

3. Results and di

pepper, and Thai jasmine rice, were bought from the local market in
Krung Thep Maha Nakhon (Bangkok), Thailand, and stored at 30+ 5 °C
(room temperature, RT) for over 6 months. Approximately 5 g of the
agricultural samples were ground with a kitchen electric blender (450
W, HR2041/30, Philips). Then, each sample was extracted using 20 mL
of 60 % v/v methanol and sc d at room P ure for 20 min,
followed by centrifugation at 11000 rpm for 15 min. Finally, the su-
pernatant was filtrated to remove insoluble ‘solids, first through a
Whatman No. 42 filter paper (CHM™, Barcelona, Spain) and then
through a 0.22 pm pore size nylon membrane (CNW Technologies,
China). The filtrated sample solutions were stored in 500 mL plastic
bottles in a 4 “C refrigerator.

For AFB1 detection, the aptasensor GLEaupi.ru/RGo Was incubated
with 15 pL of spiked sample with different target AFB1 concentrations of
3.0pgmL ', 12,5 pg mL ', 25.0 pgmL?, 25.0 x 10° pg mL ! and 50.0
x 10° pg mL ! at 4 °C in the refrigerator for 45 min. The aptasensor
GLE pi-ru/rGo Was finally thoroughly rinsed with 10 mM pH 7.4 of PBS
and immersed in 5 mmol L ! K3[Fe(CN)g] containing 20 mmol L ! PBS
(pH 7.0) to perform differential pulse vol ry (DPV)

3.1, Formation and characterizations of the prepared trimetallic AuPt-Ru
nanoparticles- decorated RGO

Trimetallic AuPt-Ru nanoparticles-supported RGO (AuPt-Ru/RGO)
was prepared according to a very facile ultrasonic-assisted chemical
reduction method as shown in Fig. 1A. Firstly, trimetallic AuPt-Ru
nanoparticles (AuPt-Ru) are formed through the assembly of tetra-
chloroaurate ions [AuCls]~, hexachloroplatinate ions [PtClslz', and
ruthenium ions [Ru]®* with polyvinylpyrrolidone (PVP) and ascorbic
acid (CgHgOg) as the stabilizing and reducing agents, respectively.
Adsorption and cobridging of [AuCly]- are easily attracted to carboxyl
functional groups (C = O) and nitrogen (N) atoms of pyrrolidine ring of
PVP via bidentate coordinating covalent bonds, resulting in the [Au
(PVP)Cly] complex. While [P(Clé]Z can directly adsorb double-
layered onto [Au(PVP)Cl;]  complexes through the van der Waals in-
teractions. As is well known, high-intensity ultrasonic irradiation can
generate reactive radicals of e, H*, HO®, HO3, OH', H30", Hy, and
H,0,. The combination of ultrasound with the chemical reduction
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Fig. 1. Unique designs and geometries of GLEAupi.ru/rGo €lectrochemical AB1 ap

(A) Synthesis of GLEAupi.ru/rGo- (B) Schematic illustration of

planar-disc GLE design and fabrication. (C) Schematic representation for the stepwise fabrication of electrochemical GLEaupi.rurGo aptasensor and interaction

mechanism of GLEaupr.ru/mGo aptasensor with AB1.
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method (E°C6H805/C6H505 = +0.35 V vs. the standard hydrogen elec-
trode (SHE)) can create enormous reduction power of AuPt-Ru nano-
particles. When high-power ultrasonic irradiation was applied to the
complex solution, high-intensity shock waves (nano-sized bubbles) were
generated and altered the acoustic properties of the medium. Both
hydrogen radicals (H*) and hydroxyl radicals (HO®) may diffuse into the
bulk CgHgOg-reducing liquid phase and initiate the reduction of gold
(1) ions and platinum (IV) ions in [PtCl(,]2 double-layered [Au(PVP)
Cl4] complexes. The gold (III) species was rapidly reduced to metal-
lic Au (Au®) and formed core structure. Following this, platinum (IV)
ions were later reduced and then deposited on the Au® core, forming
shell nanoparticles leading to the generation of Au@Pt core-shell.
Considering the reduction potentials of [AuClg)™ and [Pl(ll(,]2 as a
measure of their ability to undergo reduction (ER., am/Au = +1.50 V vs.
SHE; E& avy/pe = +1.20 V vs. SHE). After the formation of Au@Pt cor-
e-shell, high-temperature and high-pressure conditions in ultrasonic
irradiation, more [Ru]z’ ions were reduced to Ru’ (EQR.. an/ru=+0.45V
vs. SHE) and then deposited onto the surfaces of the Au@Pt core-shell,
leading to the generation of AuPt-Ru nanoparticles, Note: ascorbic acid
functioned as the reducing agent and perhaps as-a stabilizing agent for
Ru’. The synthesis conditions and characterization of Au@Pt core-shell
were shown in Fig. 52-55. Most importantly, reduced graphene oxide
(RGO), as a potential electrical contact material, has been synthesized,
and the information were provided in Fig. S§6-S5. AuPt-Ru hetero-
structure nanoparticles were loaded on the surfaces of RGO by the ul-
trasonic irradiation method. Acute shock waves produced at a high-
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temperature and high-pressure of ultrasonic irradiation can create the
chemical reaction between RGO and AuPt-Ru. The RGO sheets, which
have partially oxygen-containing functional groups including -OH, —C
= 0, and —O-, served as a platform for the strong hydrogen bonding of
AuPt-Ru, resulting in the high uniformity and dispersity formation of
AuPt-Ru heterostructure nanoparticles-supported RGO (AuPt-Ru/RGO).

To investigate the successful synthesis of the AuPt-Ru/RGO, we first
characterized the AuPt-Ru/RGO by HR-TEM and SAED, XRD, XPS, and
FT-IR. The particle size, morphology, and crystallinity of AuPt-Ru/RGO
were determined using HR-TEM. Representative HR-TEM of AuPt-Ru/
RGO (Fig. 2A1) shows that AuPt-Ru was embedded on folded/wrin-
kled RGO nanosheets. The AuPt-Ru displayed a core-shell waxberry-like
structure with an average size of 53.83 + 4.54 nm, with a core of Au’
approximately 42.17 + 3.11 nm and a shell of Pt° thickness around 8.1
+ 1.76 nm. The spherical shape of Ru® was dispersed onto the surfaces of
the Au@Pt core-shell. In F'ig. 2A2, the observed lattice spacings of 2.29
A;1.97 A, 1.34 A, and 1.13 A are assigned to the (111), (200), (220),
and (311) planes of AuPt-Ru, respectively, which are in good agreement
with the interplanar distance between the Au(111) (JCPDS card no.
04-0784) 125, Pt(111) (JCPDS card no. 04-0802) [26], hexagonal Ru
(101) (JCPDS card no. 65-7646) [27], and the associated study of
Au@Pr core-shell-nanoparticles [28], respectively. Moreover, the
selected area electron diffraction (SAED) analysis of AuPt-Ru was ob-
tained (¥ig. 2A3). The bright rings with occasional bright spots are due
to the polyerystalline nature of the AuPt-Ru. The (111), (200), (220),
and (311) planes for FCC AuPt-Ru were obtained. The EDX spectrum
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Fig. 2. HR-TEM images (A1), lattice planes (A2), SAED image (A3), and elemental mapping images and EDX spectrum (A4) of AuPt-Ru/RGO. XRD pattern (B) of
AuPt-Ru/RGO (B1), AuPt-Ru (B2), and RGO (B3). XPS full survey XPS spectra of AuPt-Ru/RGO (C1), and XPS spectra of AuPt-Ru/RGO corresponding to the (C2) Au
4f, (C3) Pt 4f, and (C4) Ru 3d. FT-IR spectra of the as-synthesized AuPt-Ru/RGO (D1), AuPt-Ru (D2), and RGO (D3).
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(Fig. 2A4.1-3) also confirmed that the surfaces of RGO are composed of
Au, Pt, and Ru elements; the presence of strong peaks at approximately
2.12keV, 9.71 keV (Au), 2.05 keV, 9.44 keV (Pt), and 0.24 keV, 2.56 keV
(Ru) were attributed to the distinct energy shells of Ma and Lo, which
confirm that the AuPt-Ru/RGO have been successfully synthesized.
The successful formation of AuPt-Ru/RGO was further confirmed by
XRD. For comparison, the XRD patterns of RGO, AuPt-Ru, and AuPt-Ru/
RGO were shown in Fig. 2B. The XRD pattern of AuPt-Ru/RGO exhibits a
broad peak of RGO (002) at 26.5° due to the presence of amorphous
RGO, which was well observed for AuPt-Ru/RGO. The peaks associated
with Au@Pt at 38.6° (111), 44.8° (200), 65.6° (220), and 78.1° (311)
were located between the Au (111) and Pt (111) planes for the face-
centered cubic (fcc) lattice, indicating the formation of an Au@Pt cor-
e-shell, whereas no observable lines in the XRD spectra of Ru could be
detected with AuPt-Ru/RGO because they were low in content and
obscured by the dominant diffraction peaks of the AuPt components.
X-ray photoelectron spectroscopy (XPS) was utilized to determine
the atomic compesition, chemical state, and binding energy. of AuPt-Ru/
RGO. Fully spectra of high-resolution AuPt-Ru/RGO were recorded, and
the signals for Au 4f, Pt 4f, and Ru 3d were shownin Fig. 2C1. The Au 4f
XPS spectrum shows two binding energies (BE) of Au4fs 3 and Au4f; ; at

Microchemical Journal 208 (2025) 112631

87.5eV and 83.9 eV, respectively (Fig. 2C2). The peak BE values of 89.7,
88.9, 87.6, 87.2, 85.9, and 83.9 eV were attributed to Au®" 4fs2, Au'"
Afs/5, AU® 4fs AuP 4f;5, Aut! 4f;s5, and Au® 4f; )5, respectively. All
these BE results confirmed the p e of any oxidized sp of gold
in AuPt-Ru/RGO. Furthermore, the corresponding amplified peak of Pt
and Ru are seen in Fig. 2C3-4. The sharpening spectral in the Pt4f region
and its curve fitting show three species oxidation states for platinum Pt
(0), Pt (1), and Pt (IV). Two peaks located at BE of 74.7 eV and 71.4 eV
are attributed to Pt4f; 5 and Pt4f5 , of Pt (0), respectively. Another four-
emission signal at 76.4 eV (Pt 4f;5), 75.5 eV (Pt 4f;,), 74.6 eV (Pt 4f;,
2), 73.2 eV (Pt 4f;/5), 72.2 eV (Pt 4f;5) and 71.4 eV (Pt 4f;/5) can be
ascribed to oxidized Pt species of Pt (II), and Pt (IV). In addition, two
additional doublets can be identified at 281.8 eV and 285.1 eV due to
3ds/> (Ru®) and 3d3> (Ru”), respectively. These results confirm the
presence of any metal ions (Au, Pt, and Ru) in AuPt-Ru/RGO. The suc-
cessful AuPt-Ru heterostructure nanoparticles-supported RGO synthesis
could be affirmed by the more specific binding of C 1 s, and O 1 s, which
is mainly attributed to RGO and PVP compounds on the heterostructure
nanoparticles surface. The peaks corresponding to C 1 s, and O 1 s
(Fig. S9)-and the main connection mode, BE of C 1 s, and O 1 s, and the
parameter A (eV)for AuPt-Ru/RGO were shown in Table 51. TheC1s
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Fig. 3. Cyclic voltammogram characteristic peak (CV curve) of GLE in 0.5 mmol L~ H,S04 (scan rate 0.1 Vs ') (A), CV curves (B) of — GLE, — GLEggo, — GLE Aupt.
Rus aNd — GLEpupy.ru/RGO, CV curves of GLEAupi.ru/rGo Peak current as a function of (C1) square root scan rate and (C2) scan rate in the ranging of 2.5mV s~ to 40
mVs ', and Nyquist plots (D) and DPV characterization of stepwi: lop of el h of a) GLE, b) GLEggo, €) GLEA.M Ru/RGOs d) GLEAupr.
Ru/RGO/Apts €) GLEAupLRu/RGO/ApyBsA, and f) GLEAupt.ru/rGO/ApuBsa/ars1. The Electrochemical investigation was performed in 10 mmol L' PBS (pH 7.4) containing 5
mmol L~ K3[Fe(CN)s].
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response DPV curves and linear relationship between currents with different AFB1 concentrations, ranging from 0.30pg mL
amplitude 50 mV, pulse width 0.05's, and step-potential.of 5.0 mV. The error bar rep dard d

spectra of AuPt-Ru/RGO display four BE peaks, at 285.0 eV, 286.2 eV
(AeV=1.2eV),287.6 eV (AeV = 2.6 eV), and 288.5 eV (AeV = 3.5¢V),
corresponding to COO, C-0/0-C-O, C-O/C-N, and C-C/C-H bonds,
respectively. Moreover, the O 1 s spectra of AuPt-Ru/RGO display five
BE peaks at 531.1 eV, 531.9 eV (AeV = 0.8 V), 532.9 €V (AeV = 1.8
eV), and 534.2 eV (AeV = 3.1 eV), corresponding to € = O, COOH, C-
OH, and C-O-C bonds, respectively. XPS analysis confirmed the presence
of characteristic G 1 s and O 1 s peaks, which confirmed the successful
synthesis of AuPt-Ru/RGO.

Fourier transform infrared (FT-IR) spectra were investigated to
confirm the successful combination of RGO with AuPt-Ru. As seen in
Fig. 2D1, the intensity of the stretching bands of oxygen (—0-) func-
tionalities like O-H (3428 cm ') and C =0.(1641 em™!and 1522 cm ')
and bending bands of CH, (1389 cm ™ 1) and O-H (664 em l) corresponds
to characteristics of AuPt-Ru/RGO. All FTIR characteristics of AuPt-Ru
(Fig. 2D2) and RGO (Fig. 2D3) were found in arguments in AuPt-Ru/
RGO, which confirm the successfully embedded nanocomposite.

Upon the decoration of AuPt-Ru onto RGO (Fig. 510), a remarkable
electrochemical current was observed. The AuPt-Ru/RGO revealed
better electrochemical performance and had superior properties for
electron fer. This enh is attributed to the synergistic

v v
U o

! to 30.0pg mL* DPV conditions:

iation of five repli

interaction between AuPt-Ru and RGO that created additional electron
transport pathways and reduced resistance.

3.2, Morphology and electroch
aptasensors GLEaupe.ru/RGO

I performances of electrochemical

The in-lab-fabricated GLE (25 mm length, 12 mm width) was
designed and fabricated (I'ig. 1B) for ultrasensitive electrochemical
aptasensor of AFB1 quantification: The GLE was first electrochemically
cyeled in 0.1 M H,S04 solutions at a scan rate of 0.1 Vs~ for 25 cycles,
and the CVs are presented in I'ig. 3A. During potential cycling of GLE in
H2S04, anodic peaksof 1.35 V (vs. Ag/AgCl) and a well-defined cathodic
peak at 0.90 V were obtained by oxidation and reduction of the outer-
most layer of gold atoms. The electrochemical behavior of in-lab-
fabricated GLE was observed to be similar to that of commercial gold
electrodes [29-31]. The AFM and Fe-SEM were used to morphologically
characterize the electrode construction process, as shown in Fig. 511-
512. The GLE surface exhibited a surface topography of rougher and had
a surface roughness of 36.67 nm (Fig. S11A). After the 25 cycles of
anodic treatment, the topography changed to a smooth one, and the
roughness decreased to 30.47 nm (Fig. S11B). The changes in GLE
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polycrystalline roughness might be due to lower impurity adsorption.
The assembly process and sensing mechanism of the AuPt-Ru/RGO
electrochemical aptasensor were shown in Fig. 1C. The stepwise
devel of the ap was first dropping AuPt-Ru/RGO onto
the exposed GLE working electrode surface, resulting in a significant
increase in the electron transport rate on the electrode surface and
improvement of the electroactive site of the sensor. The surface
morphology of the AuPt-Ru/RGO decorated on GLE (GLEAuPt-Ru/RGO)
was observed by Fe-SEM (Fig. S12). The prepared GLEAuPt-Ru/RGO
trends are to be adsorbed onto the GLE surface through a gold-oxygen
bond of AuPt-Ru/RGO. The AuPt-Ru/RGO were densely packed on a
GLE, which affected an increase in surface roughness of 60.41 nm of the

Microchemical Journal 208 (2025) 112631

Where Ipa = anodic peak current, n = number of electrons (1 electron
for K3[Fe(CN)g]), v = scan rate (V/s), A = electrochemically active area
(em?), D = diffusion coefficient (7.6 x 10°® ecm? s for K3[Fe(CN)g]),
and C = concentration of Ks[Fe(CN)s] (5 mmol L™'). The electro-
chemical active surface areas of GLE, GLE,pr.py, GLERGo, and GLEp,.
Ru/RGo Were calculated to be 10.12 + 0.27 mm?, 12.27 + 0.30 mm?,
13.75 + 0.30 mm?, and 14.77 + 0.30 mm?, respectively. The observa-
tion of a larger active surface area means that the AuPt-Ru, RGO, and
AuPt-Ru/RGO contribute to the increase in the electrochemical active
surface area of the electrode.

Ngin Opdmuanon of the experimental parameters and electrochemical

modified electrode (Fig. 511C). Then, the addition of thiol- i d
modified aptamer is linked to AuPt-Ru/RGO by metal-thiol bonding
between the AuPt-Ru/RGO composite and aptamer, which acts as a
highly selective site for AFB1. The selected aptamer serves as a highly
selective recognition element for AFB1 {20,211, forming Apt-AFB1
complexes through specific hydrogen. bonding-and z-x stacking in-
teractions upon exposure to the target molecule. These interactions
induce conformational changes in the aptamer, folding around AFBI1,
which effectively traps the analyte on the electrode surface. Subse-
quently, BSA seals the unbound site of the electrode for blocking non-
target binding. The ing hanism relies on-monitoring changes
in the electrical behavior of the sensor using differential pulse voltam-
metry (DPV). When AFB1 binds to the immobilized aptamer, the for-
mation of Apt-AFB1 complexes disrupts. the electron transfer at the
electrode surface. This results in a measurable decrease in the peak
current during DPV analysis, proportiona] to the concentration of AFB1.
The as-prepared electrochemi behaviors were
by CV, EIS, and DPV methods, performed in 10 mmol L} PBS (pH 7.4)
containing 5 mmol L ! Ka[Fe(CN)e], as shown in Fiz. 3B-3E, The CV
analysis (Fig. 3B) corresponds to GLE, GLEAupi.ry;, GLERGo, and GLEayp;-
Ru/RGO, the current response of the GLEAup ru/mGo exhibited approxi-
mately 77.32 pA, which is a 45.56 % increase compared with bare GLE
(53.12 pA) due to the electron transport on its conjugated nanostructure,
which created a system of a-electrons that were delocalized over the
entire structure. The electron transfer kinetics of the modified GLE were
monitored, and the current response to different scan rates from 2.5 mV
s ! t0/40.0 mV s ! was performed in 10 mmol L~} PBS (pH 7.4) con-
taining 5 mmol L' Ka[Fe(CN)4], as shown in Fig. 5C. The results
showed that the plot of the current versus the square root of the scan rate
yielded a highly linear relationship according to the equation Ipa (pA) =
16.389v (mV's. 1)'/2 —0.8707 (R*= 0.9991). In contrast, the plot of the
current versus the'scan rate also displayed linearity, but with a lower R?
value of 0.9721 (Ipa (pA) = 2.0271v(mV s" ) +27.708), These findings
indicated that the modified electrode exhibited behavior characteristic
of diffusion-controlled reactions (Randles-Sevcik model) | 32 |. The effect
on impedimetric response was elucidated in terms of Ry, CPE,, R,, CPE;,
Rz, and CPEj3 by fitting the experimental curves with- the modified
Randles equivalent circuit [33]. EIS measured the impedance of an
electrochemical system over the wide frequency range of 0.1 mHz to 1
MHz and provided a kinetic of electrochemical processes, as shown in
Fig. 3D. Fig. 3D, (a) shows EIS spectra of GLE with higher charge transfer
resistance (Re) of 463 Q. The addition of AuPt-Ru/RGO (c), Apt (d), and
BSA (e) onto the working GLE surface leads to the binding of covalently
bound molecular linker, thiol bond (metal-8), and hydrogen bond (O-H),
respectively. This results in a reduction of resistance offered by the
electrode surface to 62 Q, 74 Q, and 85 Q, respectively. Subsequent
addition of AFB1(f), the R, was increased to 141 Q. For reference, the
R of RGO (b) on GLE was found to be 136 Q. The DPV results (Fig. 3E)
were in agreement with the EIS data, indicating the successful con-
struction of the electrochemical aptasensor. The electrode active surface
areas before and after modification of GLE were calculated by the
Randles-Sevcik Eq. (1).

1 1

Ipa = 2.69 x 10° n¥?AC(Dv)""? @®

v
a

l’":

Different experimental conditions for the electrochemical aptasensor
detection of AFB1 were investigated by DPV measurement, including
Apt coneentrations (1, 10, 25, 50, and 75 nmol L " in 10 mmol L' PBS
solution), BSA concentrations in the range of 0.10 %w/v to 2.00 %w/v
in 10 mmol L~ PBS solution, incubation times of 10, 20, 30, 45, and 60
min, pH of 59, and PBS concentrations between 5 mmol L' and 40
mmol L1,

As shown in Fig. 4A, The Apt concentrations on the modified elec-
trode significantly affected the electrical properties of the electrode. The
corresponding value of the current signals was decreased from 66.62 yA
t0 42.10 pA as Apt concentrations increased from 0 to 25 nmol L g
Then, reaching constant currents at-25 nmol L~ and higher Apt con-
centrations. This observation could be explained by the ssDNA structure
of the aptamer. These molecules restrict electron transport activities on
the electrode by acting as insulating layers on the electrode surface. The
higher concentrations indicated that the electrode surface was saturated
bound with Apt molecules. Therefore, 25 nmol L ' was carried out in the
modified electrochemical aptasensor, which played a crucial role in the
electrochemical aptasensor for specific binding capability. The optimal
BSA concentrations were also investigated. BSA was used to cover un-
bound active areas on the electrode. The results were shown in I'ig. 4B,
the currents of electrochemical aptasensors were decreased at BSA
conccntranons up t00.25 % w/v. At the higher concentrations, BSA was

ding to current values. Thus, 0.25 % w/v was
selected as the opnmal concentration. The effect of incubation nme was
mvesugated under different AFBl concentrations of 0.30 pg mL ", 3.00
pg mL ! a.nd 30.00 pg mL ' (Fig: 4C). The DPV current responses of
electroch al gradually decreased with increasing incu-
bation time, leading tomore Apt folded into Apt-AFB1 complexes. The
incubation time was longer than 30 min, and the currents did not
significantly differ, indicating the binding sites of the electrode became
saturated. Hence, the 30 min of incubation time was chosen for ensuring
complete interaction. The effect of pH.on the electrochemical aptasensor
is a critical parameter affecting the DPV responses to AFB1 detection.
Results showed that in Fig. 4D, the strongest linear relationship in
anodic currents was obtained in pH 7 (calibration slope = 0.3191 with
R? = 0.9982). However, more acidic and alkaline, there was a significant
decrease in the sensitivity due to the break of the aptamer-AFB1 linkage.
These results highlight the importance of maintaining a neutral pH for
reliable detection. The pH 7 was therefore selected as the optimal pH.
The influence of PBS concentrations on the detection performance of
AFB1 was examined over the concentrations from 5 mmol L™ to 40
mmol L™ (Fig. 4E), and 20 mmol L' provided the best calibration slope
of 1.0325 with the linear correlation coefficient (R?) of 0.9960. Electron
transfer efficiency is decreased by insufficient ionic strength. On the
other hand, higher PBS concentrations (40 mmol L) can increase ion
density and lead to shielding effects that minimize current responses and
interfere with efficient charge transfer. The optimal concentration was
therefore determined to be 20 mmol L' PBS. The performance of the
electrochemical aptasensor was verified using AFB1 at different con-
centrations of 0.3 pg mL ! to 30.0 pg mL . The DPV curves, performed
in 10 mmol L' PBS (pH 7.4) containing 5 mmol L' K3[Fe(CN)],
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revealed the peak current decreased with increased AFB1 concentrations
from 0.3 pg mL " to 30.0 Pg mL ! (Fig. 4F). A regression equation was
done and was found to be: Current (uA) = -1.1725 [AFBI1, pg mL’l] +
64.245, with 0.9984 of correlation coefficient (Rz). The directly
measured detection limit value (LOD = 3SD of blank/slope of calibra-
tion; the SD of blank measurements was calculated to be 3.59 x 103 pg
mL ') and the quantitation limit value (LOQ; 10SD of blank/slope of
calibration curve) for target AFB1 were 9 x 10 2 pg mL 'and.

3.1 x 102 pg mL"!, respectively. The RSD range from 0.88 % to
4.10 % (n = 5) is indicative of reliable analytical performance for AFB1
concentrations of 0.3 pg mL ! to 30.0 pg mL ", ensuring confidence in
the accuracy of the results. The results showed that the constructed
electrochemical aptasensor GLE,peru/rGo can be used for quantitative
analysis of AFB1. Furthermore, Table S2 shows a comparison of the
proposed electrochemical aptasensor to several previous reports on
AFB1 detection. The comparison clearly showed that the proposed
electrochemical aptasensor GLEauptru/rGo Outperformed the' competi-
tion in terms of performance, detection limit, and low-cost fabrication.

3.4. Electrochemical aptasensor GLEaup.ru/rGO Selectivity

The selective electrochemical aptasensor based on AuPt-Ru nano-
particles supported by RGO-modified goldleaf electrode was examined
in the presence of various substances, including individual and mixtures
of AFB1, AFB2, AFG1, AFG2, ZEN, and OTA. By detecting the interfer-
ents concentration of 3 ng mL ™' (higher than 100 times), all of the
nontarget sub es were not d d (Fig. $13) compared to blank. In
addition, the constructed electrochemical aptasensor GLEa,p.ry/rGO
was incubated with 30 pg mL™' of AFB1 containing all the above
interfering substance mixtures. There were significant differences in the
obtained current from only 30 pg mL~! AFB1, indicating that the pro-
posed GLEAup..rwRGo has outstanding selectivity.

Microchemical Journal 208 (2025) 112631
3.5. Detection of AFB1 in real agricultural products

To evaluate the performance of the proposed electrochemical apta-
sensor GLEa,p.ru/rGo for AFB1 detection, the standard addition method
was used to detect different concentrations of AFB1 (3.0 pg mL !, 12.5
pgmL !, 250 pgmL}, 25.0x10° pg mL !, and 50.0 x 10° pg mL ) in
agricultural products including dried red chili, garlic, peanuts, pepper,
and Thai jasmine rice. The recovery (%) of three replicate de-
terminations was calculated, and the results were shown in Table 1. The
results showed that recoveries were found to range from 94.6-104.9 %,
96.8-105.1 %, 96.8-106.8 %, 95.3-105.1, and 99.3-107.9 % for dried
red chili, garlie, peanuts, pepper, and Thai jasmine rice, respectively,
indicating that the electrochemical aptasensor GLEpupiry/mrGo iS €x-
pected to be used for the detection of AFB1 in real agricultural products.

Comparing HPLC equipped with FL detector (HPLC-FLD) signal
measurement results of AFB1 content in agricultural products (dried red
chili, garlic, peanuts, pepper, and Thai jasmine rice), two different
concentrations of AFB1, including 25.0 x 10° pg mL ! and 50.0 x 10° pg
mL ™", were selected for investigation. The HPLC-FID detection dis-
played recoveries from 94.0 % to 109.0 %. Since the HPLC-FID method
cannot detect the AFB1 concentrations less than 25.0 pg mL ', the
purposed electrochemical aptasensor GLE oup; ra/rGo Showed a superior
linear detection range, which demonstrated the great promise of the
proposed electrochemical platform in AFB1 quantification. Further-
more, the comparison between the results obtained through the elec-
trochemical aptasensor | GLE,piry/rco @nd HPLC-FLD showed no
significant differences based on the statistical paired t-test (tso = 1.0211
and t.4 = 2.2622) at a 95 % confidence level. These results corroborate
the ultrasensitive AFB quantification of our developed electrochemical
aptasensor GLEA pt-ru/rGo and confirm their practicability.
Additionally, the recently published electrochemical sensor was

d for c ive analysis of AFB1. The in-lab-fabricated GLE

decorated. with AuPt-Ru/RGO was used for the first time as an

Table 1
Determination of AFB1 in agricultural products.
Real samples Added (pg mL™}) ‘hemical ap GLE, HPLG-FLD
Found (pg mL ") Recovery (%) Found (pg mL ) Recovery (%)

Dried red chili 0 0.38 +0.61 - ND. -
3.00 335 +1.16 99.13 ND: -
12.50 12.93 10.49 100.50 ND. -
25.00 24.03 +£1.37 94.63 ND. -
25.00.x 10° 24.96 x10° +1.01 99.43 26.32x10° +0.93 105.28
50.00 x10° 52.44 x 10° 4 0.48 104.89 53.54 x 10° +0.52 107.07

Garlic 0 0.93 +0.21 = ND. -
3.00 4,02 +0.69 102,52 ND. -
12.50 13.05 +0.57 96.84 ND. -
25.00 25.54 4 0.30 98.41 ND. -
25.00x 10° 26.27 x 10° +0.40 105.09 27.24x10° #0.22 108.97
50.00 x 10° 50.23x 10° 40,60 100.45 53.33x10° +0.13 106.65

Peanuts 0 2.34 £0.78 - ND. -
3.00 5.44 +0.32 103.20 ND. -
12.50 14.44 +0.95 96.76 ND. -
25.00 26.73 +0.78 97.55 ND. -
25.00x 10* 26.70 x 10° +0.70 106.79 23.49x10° +0.50 93.97
50.00 x 10° 52.32x10% +1.34 104.64 52.76 x 10° +0.21 105.52

Pepper 0 1.78 +0.38 = ND. =
3.00 4.83 4+ 0.69 102.03 ND. -
12.50 13.68 +0.41 95.28 ND. -
25.00 25.95 +023 96.72 ND. -
25.00 x 10° 26.27 x 10° +1.00 105.09 26.56 x 10° +0.48 106.26
50.00 x 10* 50.23 x 10° +1.21 100.45 50.30 x 10° +0.83 100.60

Thai jasmine rice 0 0.46 +0.55 - ND. -
3.00 3.56 +0.21 103.40 ND. -
12.50 13.95 +0.60 107.93 ND. -
25.00 25.29 +0.24 99.31 ND. -
25.00 x 10° 25.71x10° +0.60 102.84 23.52x10° +0.45 94.07
50.00 x 10* 49.71 x10° +1.03 99.43 48.49x10° +0.85 97.39

# ND.: Not detected.
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electrochemical aptasensor for AFB1 detection. The proposed electro-
chemical aptasensor GLEaupi.ru/rgo exhibited relatively lower LOD
values for the electrochemical analysis of AFB1 than other electro-
chemical detection methods reported in the literature (Table 52).

The in-lab-fabricated GLE presents at $0.15 per piece, which is less
expensive than commercial working electrodes (Table 53). Therefore,
the fabricated GLE seems suitable for use in portable and standard
laboratories.

4. Conclusion

The in-lab-fabricated GLE modified with AuPt-Ru/RGO was suc-
cessfully fabricated for an electrochemical aptasensor AFB1 detection.
The AuPt-Ru/RGO was synthesized by a very facile ultrasonic-assisted
chemical reduction method. The waxberry-like core-shell structure
AuPt-Ru embedded on RGO was used as the sensor. substrate for elec-
trical signal amplification, and the aptamer with high specific recogni-
tion target AFB1 performance was used as-the sensor probe. The
fabricated electrochemical aptasensor GLEaypi.ru/rGo has remarkable
detection efficiency towards AFB1 in the range of 0.3 pgmL ' 10.30.0 pg
mL~', LOD0f 9 x 10 ® pg mL ', and recoveries ranging from 96.6 % to
107.2 %. The developed electrochemical aptasensor GLEg,p.rumGo
shows fantastic application prospects with low cost, simple design, and
easy operation, which makes it a good candidate for developing
disposable electrochemical electrodes for AFB1 detection in agricultural
products.

The unique properties of AuPt-Ru/RGO deposited on in-lab-
fabricated GLE, such as increased surface area, outstanding electrical
performance, and high reactivity, are shown to enhance the efficacy for
an electrochemical aptasensor AFB1 detection. However, these elec-
trochemical aptasensors based on AuPt-Ru/RGO still have limitations,
such as the compl hemisorption of ap lecules on the

ductive surface, ap shelf life, or even the quality of the 24 k
gold leaf sheet. Although many limitations must still be overcome, AuPt-
Ru/RGO deposited on in-lab- fabncated GLE have great potential as
probes for ultrasensitive el h p s of aflatoxin Bl
quantification in agricultural products.
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