B IANTINENANARTYIN TN 31 (1TLT 1) WN9IAN — WEIEW W.A. 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January — April 2026 Research Article

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983

N53LATIZTA WA LU RA LA nATARNINALS UL T I A WAR LIA LN NLNNS
TagldaalWwns A uaRaNNNansuUN i/ un1sAnLLaY
Differential Pulse Voltammetric Determination of Sulfite in Fruit Juice Samples

Using an Unmodified Screen-Printed Graphene Electrode
NUNNT WA, ARNTTN W4N, INTIAAT ATYTeNU)a Las AAST sulasny

Kanokphon Phuangkum, Suphicha Phasuk, Phetlada Sanchayanukun and Sasithorn Muncharoen’
MATTUAT ALISINEANARNT NININENFEYTN Ussina g
Department of Chemistry, Faculty of Science, Burapha University, Thailand
Received : 21 November 2025, Received in revised form : 24 January 2025, Accepted : 30 January 2026

Available online : 12 February 2026

UNARSD

'Y s a = v % o o o - £ =, o =
"mqﬂ‘a‘zﬂdmmzﬂu’] : ﬁ@ﬂuumuﬂﬂﬂuLLuQIuNV]‘Q?JELMWJ’m'&’]ﬂmwﬂ‘i_lﬂﬁi‘@l,l,@zﬁﬂﬂ’]wL‘W:H:LI’m"ﬂu ’Nmmﬂl‘wﬂﬁ"muﬂu

a

v '
=2 v ]

Tunnsulnasna s nausmnduiu vetiiiasaniina lidnduuaaedniuviazussinnidsslamd atngls
Anuunua lussanaesindniadndngiaetuenuns iy dalws deinusihnduasiudauasdastinengnasnsinet

winnu3lnalutFununineadudunmaseguainls Auiuaandusesfifanisnsaaiinsziida lnsamnia

o

WHUENgY LasHAUNWNIZAN %Qﬁﬂf.]'mZS’iﬂfuw’ﬂﬁi’]\ié\iﬁi'ﬂﬂﬂﬁ‘ﬂ‘ixﬁuQMﬂ’]W warANL AR EIRINAR U RIUNT
faammiinaiiafinmsimanid i Taannzimaiiaanmesudoaiadhaunsia (DPV) saufunisldda i
gilpiaaniu (Screen-Printed Electrode: SPE) avldupnuaulaatnandrean iesannilanmlalunisiinaned
AN ﬁunumﬁmmw’ﬁﬂ Idanssnadelunisnasides uazmunzduiunisyseynsldlunisinazviniaauis
Tnelwmadeiidenidda e uslaRuwaniui iiunisiauas GedauiRsugunisi i aouaies
maailuazanuudousge iannglszaslunsideiifewaun uazdszynaldde winnafusiafinianiuiilsl
dhumsdnudasianiumaianniesudsaiadlaaunuuyisluni siansddalifluiualiussqnass anvs
UssiudszAvsnmaedamsiiimmuntuluduaninlalun1siieessd apansusugn anaifieenss uazAnamsnzas
FAAN19R9IALATIEU IUNIARUIN

FaAndunudse | mslensialiiiamaiaaniesudaanadlawuum’ (OPV) nneldaninsiimanzax
TnaniswmsanasazaauInsgudalnslugasadndudu 25 - 500 lulasluans daet1etfiuins 80 lulasans
Taaf At An e Wi T 0.00 — 1.50 Taas it innuideas (step potential) 20 Ha@laas NagiatULaNNAYA
(modulation amplitude) 80 Aa@toas Nagiadulnad (interval time) 50 HaaRUT wardueasialnad (interval time)
200 fadAunil drusunisinewgAnssumnsliinieilaesda i daamaieloadnian muuyi dwiunnsdne
anaziimunzanlunnsiinmed faansdinenatesiiesresaisazanalnimes wazAnemnmiinesiaanailn

Aliaisdsaiadlaaunuiums taun amtinmudes (step potential) NagLadunannaqa (modulation amplitude)

170



B IANTINENANARTYIN TN 31 (1TLT 1) WN9IAN — WEIEW W.A. 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January — April 2026 Research Article

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983

D

nagatulnid (interval time) war@umasiang (interval time) tnaWatsuinszualiin wazdnwmue &y

v o

oA o o

-:i -:911 R 1% a I =2 ] . .
Wanzaniga wananWlaAnHAUANEUENINNTIAT InaAnsngaenanududuns (inearity) ANTAANTR
ANgAlUN13R9994A (Limit of Detection: LOD) uazainaninlunisatasnzsiSunn (Limit of Quantitation: LOQ) Ant

ANNNNE N1TAATI SN AINATNNTD 1NN3YNTN (Repeatability) warANNd1:13011N13M9101 (Reproducibility)

o &

‘EmﬂLmm‘lugﬂmmﬁﬁ@m:z&qwﬁmLuummﬁﬁuﬁmwm (%RSD) #115LN13ANHIE199UN D17 NTARREARTUN

a

neadmsn llunadasdesiun wazglase iusu vinlagaenansnatanuludinald drusuntsdseynsildlu
fnasinaase launfaatigunaldiaune 9 ala Town danzndig dnnetidla dndnualadsan Wndu Ynaua wianle

v ' v '
°

o 3 -l H ¢ ca o . = ° = ey T =
W1el5e dnansaiuass waztn lume @WﬂﬁLﬂ@?NW?Lﬂﬁ] TmﬂmwwLLm@muquﬂmmqLﬂmwmqamﬂWﬁmqu

& a o a v |
ipRuNanTuNelFanE NNz an

nan15a4e : 1ol nsAuatinuwansu (SPGE) linszualWingendndalWinarfueuiinwansu (SPCE) ating

o

= o ° S v o ! y A9 o oo = e
ALY Lmm\‘mmuummimi%lﬁ’mmmﬁ"ma@mm@mﬂmmmuﬂ@wmwmmwmnmmnmﬂu UBNATMNUNAAINAII

v o

ganAReaUNANNTAATIEHsRamAlindN Awautaninsalnt (Electrochemical Impedance Spectroscopy: EIS)

R

£

Inugnda iansWudAa s unIunIsanamilses (charge transfer resistance) Andn wanainidlavinnisdnm

'
o o a

A S o vy o - N P e | .
HALRIAINLeT (pH) NHFe Ny unAaadalavesdalnsd wudiAnszua IMdinzwde e tag lugas
ﬂl 1 = 1 o :’/ =< A = dl Adl o o a 1
2.0 - 3.5 LazanauilaA1WeaInndl 5.5 Asiuasdenieai 3.5 duaniasimuizandiniunisimseiisialy
Fusunmimefreanaiinsnme fisuduanaglaamumys (Differential Pulse Voltammetry: DPV) wWudniniRAa
annnsuazianesngalinielianinznimaaes e awmdlnmnudes 20 adlaas Negaduwaunagn 80 Jaaloash

o - s aa = co - & aa  ad o = = v &
m@mmui‘wu 50 Raau1 wazdwnasialngd 200 fadiuna mwﬂmmqmmmqum uaznnalaaniagil

ANz a I AN udun 29 lutaaANidNdw 25 — 500 Tulasiuans HAdulscAnsandunug () windu

0.9945 AN3ARNANTTATIAYA (LOD) KAaZAANTANNIIATIZAEILTNNM (LOQ) HANYINAL 12.27 uM Uaz 40.92 uM
AINAIAL wazduiLNIsAnEAfssLNauNLdn glasadinasunautieegn luanzinsaueanasindkaTLNIWgINgn

Madlanadumezniauesnesiniduarsianisniadjisansaendls atslsfinunudiuanissunoudaaglugos

'
= o

fensuld ualddenansznusensinmeiresiaanmzimimuntuills Weinaiszgndldiuinaliuss,
naeda1uIL 9 ain wudniarFasarnislandunuvesdalnsag ludaessudnefasay 80 - 120 waneliifiudnas
imuntuilildnanmiiasi il lumsieesidaiusetieeild

aqUnansive  snaduilldimuniinieszidaliflusiesiunineldlngldmaiaaefisudaaiad

TnaunuvsianiuiaiwinsAusiiafinwansui dunisdnuladlas maldaninsimunzantessnsazaiadian

axa

slasmdies 3.5 TneRsnwmunaunanslfiunslsc@ninan uazarndndenage Adasaonududunsessus

-

25 - 500 luIAsTNaNT (2 = 0.9945) ANTARNAANIINTIATH LAZANTAATITTLFHIWINAL 12.27 way 40.92 Tulns

' v
o o

AT ANANAL TN AN NANIANAIN17D TUAN T ILATNNT LGN Tnad AN Fas azaaddauLle

v

wmsgudurindegnferas 6.04 uaz 5.68 Anandl nstszynifldivmetainaliasdidnfeaaznslinduau

171



B IANTINENANARTYIN TN 31 (1TLT 1) WN9IAN — WEIEW W.A. 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January — April 2026 Research Article

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983

= o

] ] v ‘ﬁ! ] 6 v @ 1A -ﬂl d?l -ﬂ’ld £ ] o al
agludaefaray 80 - 120 Tvag lunousuns g uuand liAiud TE MU I uid A Ngnses uaut @i uay
anunsnrn 1 lunnsmsadiasnzvida s lunansineiinaa ldlnas19s9n i waz Nsz@n s

AdnAzy : T8 s wreshntna il dolwinnaAugiauwansw; matiawd lnin; gunsainmadauuLnnn

Abstract

Background and Objectives : In recent years, consumers have become increasingly health-conscious and tend to
consume fruit juices more frequently due to their valuable content of essential vitamins and minerals. However,
commercially packaged fruit juices often contain food additives such as sulfites, which serve as preservatives to
extend shelf life and maintain product quality. However, excessive intake of sulfites can pose potential health risks.
Therefore, the development of analytical methods that are rapid, accurate and cost-effective for sulfite determination
is essential. Electrochemical techniques, particularly Differential Pulse Voltammetry (DPV) combined with Screen-
Printed Electrodes (SPEs) have gained considerable attention due to their high analytical sensitivity, low cost,
minimal sample preparation requirements and suitable on-site analysis. In this study, an unmodified Screen-Printed
Graphene Electrode (SPGE) was employed owing to its outstanding electrical conductivity, chemical stability and
mechanical strength including robust structural properties. The objective of this research was to develop and apply
the unmodified SPGE coupled with DPV for the determination of sulfite in commercially available fruit juice samples,
as well as to evaluate the analytical performance in terms of sensitivity, accuracy and precision including feasibility
of this method for practical field applications in the future.

Methodology : The sulfite analysis was carried out using DPV under optimized conditions. Standard sulfite solutions
with concentrations ranging from 25 to 500 uM were prepared, and 80 uL of each solution was used for
measurement. The applied potential was set between 0.00 and 1.50 V with a step potential of 20 mV, modulation
amplitude of 80 mV, modulation time of 50 ms and interval time of 200 ms. The electrochemical behavior of the
electrode was examined by Cyclic voltammetry (CV), while the optimal analytical conditions were determined by
studying the effects of buffer pH and various DPV parameters, including step potential, modulation amplitude,
modulation time and interval time considering the current response and peak characteristics. Analytical
performance was evaluated in terms of linearity, limit of detection (LOD) and limit of quantitation (LOQ). Additionally,
the precision of the method was assessed through repeatability and reproducibility tests in terms of relative
standard deviation (%RSD). The study of interferences was investigated using compounds commonly present in
fruit juices for instant ascorbic acid, citric acid, potassium sorbate and sucrose. For real sample analysis, nine (9)
types of fruit juice such as coconut, apple, mixed fruit and vegetable, orange, lychee, longan, guava, strawberry
and pandan were purchased from a local supermarket. All samples were analyzed using the unmodified screen-

printed graphene electrode under the optimized DPV conditions.
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Main Results : The screen-printed graphene electrode (SPGE) exhibited a significantly higher current response
compared to the screen-printed carbon electrode (SPCE) indicating superior electrical conductivity as previously
reported for graphene-based materials. This observation was consistent with the electrochemical impedance
spectroscopy (EIS) results, which showed that the SPGE possessed a lower charge transfer resistance. The effect
of pH on the voltametric response behavior of sulfite was also examined. The results revealed that the current
increased within the pH range of 2.0 — 3.5 and decreased at pH values above 5.5. Therefore, pH 3.5 was selected
as the optimal condition for subsequent measurements. For differential pulse voltametric parameters, the sharpest
and most stable peak was obtained under the following conditions of step potential of 20 mV, a modulation
amplitude of 80 mV, a modulation time of 50 ms and an interval time of 200 ms. These parameters provided a well-
defined peak with minimal background noise, ensuring reliable quantitative analysis. Under the optimized
conditions, the developed method demonstrated a linear response for sulfite determination within the concentration
range of 25 - 500 uM with a correlation coefficient (r?) of 0.9945, indicating excellent linearity. The limits of detection
(LOD) and quantification (LOQ) were found to be 12.27 uM and 40.92 uM, respectively. Interference studies
revealed that sucrose caused the least interference, whereas ascorbic acid produced the most noticeable
interference due to its electroactive nature. Nevertheless, the magnitude of this interference remained within an
acceptable range and did not compromise the overall analytical performance. Application of the method to nine
commercially available fruit juice samples yielded recovery values ranging from 80 — 120%, which fall within the
acceptable limits for standard analytical procedures (AOAC standard). These results confirm that the proposed
method provides satisfactory accuracy and precision. Overall, the findings indicate that the developed method is
suitable for sulfite determination in fruit juice beverages and gives potential for practical implementation in quality
control laboratories.

Conclusions : This study successfully developed a method for the rapid and efficient determination of sulfite in fruit
juice using DPV coupled with an unmodified screen-printed graphene electrode (SPGE), achieving optimal results
at an electrolyte pH of 3.5. The method demonstrated high analytical performance, exhibiting a wide linear range
of 25 - 500 pM (" = 0.9945), low limits of detection and quantification of 12.27 UM and 40.92 uM, respectively and
excellent precision with repeatability and reproducibility values of 6.04% and 5.68%, respectively. Furthermore, the
method proved highly reliable when tested with real fruit juice samples, %recovery in the range of 80 — 120%,
thereby confirming its accuracy, precision and stability for practical quality control applications.

Keywords : sulfite; fruit juice beverage; screen printed electrode; electrochemical technique; portable device

*Corresponding author. E-mail : muncharoen@buu.ac.th

173



B IANTINENANARTYIN TN 31 (1TLT 1) WN9IAN — WEIEW W.A. 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January — April 2026 Research Article

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983

Introduction
laqiiutlszansnninayndasdaiuniliaaudrAyiunisguaganiniiuuInau vianisaennidinig

4o o dl T ¥ 2o < e N o
n1TaaNfulsEnIueIung FINNNITLABNLATANANLNARTNIN ualdqnduvilalunadenilafuainuiian Wasann

v
° o o o

HIRUNAIAATYI0IRANHULAZUTB6)7 s lemliesnanie Snedeiiamineetnaunsuang welugtuuuinualsd

q
v

Auanuazinnaliussanaeaiansnsonndeldazaanlugilefnfifnuassasmaudialy ednslsfinnaniinalst

v
o S

UssqnaesNnEIuNIELIUNTHARNHNRNdRRReUWluaNMg (Food additives) fne 9 Hatliatinangnsiiuine

o o

o o a o & o A oy ~ & | - a
TNWIAITNAAN AQU LAZADINTNURINRRNTUT TmmmmL@@ﬂusl,wmmmhwmmumu@qﬂmm Uszasn 19 Tulu

' v
a K

TmReuNgALNE (Monosodium glutamate) ) ldiednefinsapenmsiiaanunasnaesiinay Mneswulsen
(Sodium benzoate) 1d meﬁfmﬂmﬁuﬂm@?m Fulaesuuniideuazidon nunadousefiun (Potassium sorbate)
diiladneer 5@ﬂqiL@?m FiulnresdasuazuuaiiGe sitedalns (Sulfite) ldite Tuansiudeuazdaerlaeiunisaioy
‘ﬂm@@u‘wd %‘\‘1 ﬂmmmwmmmnmmmmﬂm \Iusu (Gutema et al., 2025; Lee et al., 2024; Mercy Magomya
et al., 2020; Shaha et al., 2024; Zhang et al., 2024)

da e (S0,%) Lﬁw‘fmﬁ@ﬂumm?'ﬁmﬁwﬂ%ﬁum;mLLWiuawﬁﬂummiLL@”Lm?mﬁu Lagann

%D

ﬂmamﬂﬁ 1 Vﬂgluﬂ’]?ﬂ‘].l?;l\‘iﬂ"I?L@?m‘ﬂ‘ﬂﬂ‘ﬂ@u‘i’li‘ﬂ ﬂmnumnﬂmummmammm LL'Z‘]me@@ﬂ’]ﬁ‘L@@N@ﬂ’]WM?@ﬂ’]i

=

whidefiAaannUffFeeantiedu (oxidation) Tesemnsuazieiesiu atelafaamndustnaldrudalnslufuno

A a & o \ P v a ] = | = s
V]N'TﬂLﬂullﬂﬁﬁ\’ﬂllﬂ']ﬁ‘@:ﬁﬂuiuﬁ‘qQﬂ’]ﬂﬂqQﬂﬂiﬁLﬂmwﬂﬂizwumﬂqmﬂqw Iﬂﬂﬂﬁ‘qﬂ\iqu'ﬂ’]ﬂq?iﬂv\lﬂﬂ TLRANA LTU ﬁqiﬂﬂ

]

o o D N = = = a val R AL =
B ﬂ']ﬁ‘ﬂ@q NAITIN LIEUATIHE DAL VL‘]J'QLLQ\?VN@@[;] TmilL'ﬂ‘mﬂug‘wuﬂw:LL‘W‘VI?@WJQ?JTMM@U 419 sﬁﬂuﬂim

sunsaaatlilgn9@e@ia e (Candido da Silva et al., 2024; Martins et al., 2011) faausianiznssnnBnIsTasanig

&

N1M7F1UR1U1T (Codex Alimentarius Commission: CAC) Fafluanznssuiiniznnalin1snNAusINTeI89ANNg

DIMITUAZINEATUUANLUI2T1T1R (FAO) wazesAn1sauisialan (World Health Organization: WHO) aslanuue

BununiaisinaigeniUldsesuresda s (wanududameslnaanlad) 87 0.7 Saansudenlaniuretinvengy
sadu (Codex Alimentarius, 2019: Joint, 2009) aausi ludsemalnadinanuaniznssun1seaunsuazen (ag.) laaan

UsznANITNINEI5130442 1TUT 214 (W.A. 2543) Auun iianudamesineanladlunsesmuniussg luniaus

a o

Upaiinsagluiniu 70 Faansusienlandy (Ministry of Public Health, & Food and Drug Administration, 2000)
ANENAAINAI3 TnanenAanslalianuanlalunisimuimatiansmazvidalnsluans Tnaane

Tunguiptasiaiinnnntu maieinesldludaqiu W madlalasuninawuuiadulessy (lon Exclusion

Chromatography: IEC) (Kim, 1990) walaleaaulasurinnsad (lon Chromatography) (Kim & Kim, 2006; Koch

et al., 2010) wazimaiagilnnsalniauns Lmv;lﬁm’mmmm’u wUUdzyiawnszans (Diffuse Reflectance Fourier

o

Transform Infrared Spectroscopy: DRS-FTIR) (Verma & Deb, 2007) uidnazidumaiaf Wnanisims e daans

o o o 2%

gnaas uazianiwlogs (High sensitivity) watasiidadainananailsznis u Tunsunisssausaag1sndudau

1% A A P ' =y o o A oa o Y o o o \
sLTL'J@']ur]u Lﬂﬁ‘@\?ﬂ@ﬂﬁ‘qﬂq@j\‘lLL@zN"ﬂuqﬁsLﬂfy ?qwﬂqmﬂﬂﬂqﬁﬂNL“ﬁﬂqquysluﬂqﬁ‘ﬂQUﬁﬂqu WRACATEUURINTNAAINANI

al

174



B IANTINENANARTYIN TN 31 (1TLT 1) WN9IAN — WEIEW W.A. 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January — April 2026 Research Article

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (¢

aslddnasdimatianiaadlWirandszensldluntsdms siidalWs asannidumaiinnfinaugnsausdue
TS nansdaatnaties HAuMuAINd wazarunsoimu lginsallaviadniuunzansenisldeuniaauis
(On-site analysis) ¢ nilelugilnsninlasunanuaulastrsunsnatana 49 A9 lafiulaniy (Screen-Printed
Electrode: SPE) @asauda W W1%191% (Working electrode) 49 T #1 81984 (Reference electrode) wazda lWwngdqs
(Auxiliary electrode) Muuudusasfuneqiu vin lida i Jaunadnneindm wnnngeaan wasnanladne wasludaa
nengse g iatiafawansulasunisimun lilanssnusgaaulnanisUsudgeiiufiofaeadanun luatinsing -
W11 83N1ANE9UT L1 (AUNPS-SPCES) Laraun1ARuun Tl (AgNPs-SPCESs) AnFunnsA s da I lueTaann
(Molinero-Abad et al., 2013) auniar1suau uiindusunisimsziflulad (Lozer et al., 2022) uavayunIATiEaw
2an AAINSUNNTATIZ LYY (Mohammadzadeh Jahani et al., 2024) 1w

Tutlaqiiuda Iniansnluaiininwan3u (Screen-Printed Graphene Electrode: SPGE) la3uaanuilsiiin
wnaulunisszgnaldiun i i iWesainnaWulinuanimnsi@nduaziaintaanuuansisainansuey

= , o= o Y e = o a = = . oA
sUunnay 1 Haauudeussgandniamanuazings dnnsnifaandanesuns daonutinieg uge uazaiunsnadadsy
= = P ! H v 1 a a

nnsipaaunaesdianaseuszuded Miuazasazaneliad9dilsc&@nBnaw (Ehsan et al., 2021; Karuwan et al.,

2017) frganuantffinaansWuasgnian ldianiudaguiTuatindu - et geinuiiovesda Winatiniuwans

Iiflanssourgeaulunisiinasimiaail i iy vieunTulnd nslsa uazeayniaunTulanzsne) (Jahaniet al.,
2022; Pungjunun et al., 2022) agnelafinnunsfudpaiuiafoadanuitunatsaiia lunszuounisimeaiuln

naliiinAngsenlunawzanda Win sondalfuugILazsTaZAINITEETINTILY

v KX Ao

st inaAnzidnaidngUsrasslunisimunuaztlssgnslddn liinsuaiaswansuuuunsan 14

(ready-to-use) FaunumAdAfNineTuTaanadlaaunuiun? (Differential Pulse Voltammetry: DPV) d1%151Nn" 7
AanziiBunnudalwsludaatisiinaliussqnassiarmiia luiesnata iwaduuuonislunisimuaesile

AarzsmaAaNle urusn 1FuazAn WNITEIMSUINIARAII LT IBANAAUIN T9LINaLIRNANNIT AT A WAIN

Uaandrvenansineiiungusinasely

Methodology

1.819008 wazpilnsnl
anspn g luanuiqad 1wnseadraeif (Analytical Reagent Grade) laun Taaaudalwst (Na,SO,, Loba
Chemie) 11 ua1911m991% NeALaTAN (CH,COOH, QREC™) uazlaiRauuadinn (CH,COONa+*3H,0, Ajax

Finechem) 1dd115Un19mseN @138 a8 wadn At WinasieT 3.5 NTATHIN (C,H,0,+3H,0, RCI Labscan) nsn

waaAaslin (C,H,0,, Ajax Finechem) 4tasa (C,,H,,0,,, Ajax Finechem) uaztwunaidasgasiun (C,H,KO,, thermos

scientific) &1 MFUNIANNAUDIANTIUNIU

175



BURAPHA SCIENCE JOURNAL

B IANTINENANARTYIN TN 31 (1TLT 1) WN9IAN — WEIEW W.A. 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.1) January — April 2026 Research Article

ISSN 2985-0983 (¢

(%
Qo/dl'L?./ !

wireailefldlun1siseil 1dun Potentiostat (Autolab PGSTAT204, Metrohm, The Netherlands) gnAILAN
99119 uENLT 2N 1 NOVA 1afdu 1.1 T Wi nsfuafinRuwansu (lAfunseyAszian as.dunding
Aga3and Auediuntumalulagiuiead (NANOTEC)) ndedqanssaiiBlannsauuuudeansin (SEM) LALLAIRIALATIEY
FaAdntuuunszananaaau (EDX) (PANalytical) gﬂﬁwﬂ%ﬁ@ﬁﬂmgﬂéw FmoUEURY uavAiAInziacrilaznay
28909

2. N13RAzvTa IWsAaENARAANINA ST ANAR 1A ALNNLNNT

nsnnzifalsiidunisine dinedaaniesudeaiadiaauwnuus neldanacilivanzan e
wisanasazanaunsguda s ludasaandndu 25 - 500 lulastuand sunssaetiamindu 80.00 lulasans
Suuadaedndliinfiaunuszning 0.00 - 1.50 Taasl Wdamninudes 20 adloas nagiaduuaunagn 80
Hadlast nagiadulnad 50 Had3uni uaz@umnasiialnad 200 Aadiuy

3. MsAnHINgANTINT8IT IWINT L

nasAnsng Anssuaesda i s uadaiuwansy daenainloadnloaunuys (Cyclic Voltammetry:
cV) IngApsnzdansazanadabimdudy 100 lulasiuans Usuams 80.00 lulasams Tneawnudne lnwnlugog
0.00 —1.20 Taa# NEMIINITALNUIENING 20 — 70 HARAFAFABIUT

4. N1PANHIANISTNNIZAN

4.1 WBTUDNAI1TAZAE

P2
ol

ANsANEIANLeTYIeYaNTazansBlan TN lasni Inaldansazaratinmasludaiias 2.0 — 9.0 WuALAN
Welaslunnsdnenil waamnsadanszudlninasvgnsazanada lnmduds 500 lulasluans luasazanatinmass
P ' o o v A a - a o A
Wagsine) Melianiaznisnmadnmamatinanmefisudaaiadliamumranmnzas

4.2 WpRPANINa AT AN AR I AINULLYT

o o = a o o A a - = o = o A= ¥
@qﬂﬁuﬂq?ﬁﬂﬂqﬂﬂqqz‘wLuquﬂﬂﬂqﬂﬁ‘uL'V]ﬂuﬂﬂwLW@?L?HL‘]]E@W@?&TQ@W]NLNVW Iﬂﬂﬂ'ﬂ@ﬂmﬂﬂﬂq VL@LLﬂ

=

awnTwinudes (step potential) 71 5 — 25 HadTaas nagiaduLeNnaqn (modulation amplitude) 7 5 — 100 AaaTaas
nagLadulnad (modulation time) 7 10 - 250 #aa3W17 wazduasialnd (interval time) A 150 — 400 HART W
Wusu Tnafinaeilunisiansanae nazudiininaadalduasaneaiedyyin

5. Anuanse luN1791A I

5.1 F9ANNliudunas (Linear range)

a1z a lns lutag 25 — 500 Tulasiuans Inada lWinnsNusiafuwaniu nsaadn
% a o - = o = % =
snemanARNafsudsatadhamuusnne lian s imvnnzas

5.2 In]18ANTATI95A (Limit of Detection : LOD) kasIAS1AANITATISMTILFN0S (Limit of

Quantitation : LOQ)
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AN3ANENTAIN A ANNIAIIATR LT AR RNNIAIRAATIATI BN TaentsAiaszridn InsTianu
dudusingaraansvlunmegu yimasagnauau 10 a%t lansdundeadnianisasmadn waziasianisnma
AATLTILTI d1mnsnAanelAann LOD = 3.3SD of blank/the slope of calibration graph k& LOQ = 10 SD of
blank/the slope of the calibration graph

5.3 AINAIN70 1UN17Y197 (Repeatability) uazAua1130T14n19M91T7 (Reproducibility)

FMUINSAN A NANN T LA LA ANNENENTD UN NIUTN TR S1eNUkS
Iugﬂ‘?ﬂm:mmﬁmmummﬁ’mﬁuﬁwﬁ(%RSD) TaanisAnEIA NaNNT0lUN13¥E1 inlaansAsada
nszualninansansazaedalsaonududn 100 lulastuans lugnsazarsuedinmiineTfies 3.5 T19 19
6 AfaanThia i eldan19zn1 ARt LaLAMILINNTANE A NENNA LA NN Tinlnenns e
an9azane s Audud iU e Wi n s Tl A WansusA1afe S1uan 10 49 udaFundatas
dmﬁmmummﬂmﬁuﬁwﬁ’Lﬁ'@ﬂmﬁumwmﬁF;|ﬂmﬁmmﬁmﬁié’iwdw%ﬁvmﬁ

6. N17ANIAITLNIL

TunsAnEiiaend19sunIunANasan1sRsida IFannfaetnarsasaNantina b Inegnssunqun
= al :I/ a £ 1 A a a = & =S o 1 o I
Anwdviannn 4 18 Teun nsaueanasin neadssn Tunadanmesiun uavglase TngAnundnsdouszudneda s
WAZANIILNAUR 1:1, 1:2, 1:5, 1:10, uaz 1:100 Tnaaanudnduresdalwsildlunisfnugnituualiaamii 100

Tulmsluang

7. Useeins 15 lusane1943

sinatinetinua Nl lunisAne Tewn Wnnznin dnwathila wndnualdson gy Unaua wianle wnelss
% & ﬂl 90/ d‘ d’lj [ o & o A o [ %3 al o ] 50/ v 1 a o
wranasiuesd wazinluee Gdeangilidasunfiialudneiiles Sandngais saetnsuinaliusdazaiingniun
o A £ = o e dl o % 1 1 U £ dl 1 a I3
Mn19iaeaeRaansazaeuadiantinesites 3.5 ieiuldagludosnnududuinmuizansanisiingz
annuunIN1AIeiEa s aqada I n s AuslaRnwanIusauiun1snmadasemaARA AWe FLeud e awad
Tamuuyiznalfan 19NN san wazd1niun1smzilTunada I lusaetneaaiadiunisine 199501945y

#1793 (standard addition method)

Results

1. uan12An A9 1/ Tun1931mseida IWsTaaeida Inin s Wuaa Auwan sy

AuIul g lunnsaiasneida s Tnelddn WA ns NuslaAuWansw neadnasemainanmasiswdsa
Aadlawmuiuns lnglaAnenlFaumausendnadalnwa 2 ais Tewn dq Wi naAusiaiuwandu wazdq liin
ANTLAUTRANNNANTU HAN1TANHILARAIAT Figure 1 WAZANN Figure 2 LaAININENe 1899 IW19s 2 aflasanaas

WAZNABIANIIALLLILARINIIA (SEM)
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Figure 1 Differential pulse voltammograms of sulfite (500 uM) using a screen-printed graphene electrode: SPGE
(green) and a screen—printed carbon electrode: SPCE (blue), within the potential range of 0.00 - 1.50 V

and a step potential of 10 mV.

(a) Graphene (CE)

Ag/AgCI (RE)

Mag= 1.00KX WO= 8mm ENT = 20.00 V. Signal A s SE1

(b) Carbon (CE)

Carbon (WE) Ag/AgCl (RE)

SR Mag= 1.00KX Wo= 14mm ENT = 15,00 KV Signat A = SET

Figure 2 (a) Graphene screen printed electrode (SPGE) (b) Carbon screen printed electrode (SPCE)
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2. NANIANINOANTINYEIY IWANTIRUT AN WEN T

2.1 pruansa lunsd i aesda inWsaeneiipdian mandneasunuaudainmsalnd
AHNAIN170 TN sEN I aaedq Wi 2 9is Tawn 4 AN A A RaRwan T wazdn Wi AT
a a s = 4 o ° :’/ :l/ a o a v A a = a o e
TRARNNANTU TIN1N13908091A8N13192 IH9S 2 98ia WI7IN1TAITHRNATABLAN TNTAN ADABN A AL

aidninsalnd lanan1maaessa Figure 3
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Figure 3 Nyquist diagrams of the screen—printed graphene electrode (SPGE: orange) and the screen-printed

carbon electrode (SPCE: purple).

2.2 woAinzsnesda Wina uaiaiiuwaniusagmatinloadanamuimni
woAnssuvesia indinsAusiaiuwansy vn1sdaranuiduduesialifmmacnudndu 100 lulas
Tuang srewnaiialiadnamuiwys lnanvuagnsnisaunud 10 — 70 Aadlareduni ldnan1maaessa Figure 4

3. NANIANIANIITUNIZAL

3.1 MATUAIAITAZAE

a ol o o 1 a 5% a al d‘ a I'd
mmzmﬂai‘wﬂ@mummmmm‘ﬁmL@Wﬁzmmiqmmwmfmmmumwmﬂﬂﬂw AIRINNITAUATIEN

-

wudnAnszud N lnannsaes e nsfidudu 500 lulasTuans fifies 2.0 - 9.0 wanssa Table 1 uaz Figure 5
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(b)
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Figure 4 (a) Cyclic voltammogram of 100 uM sulfite in 0.1 M acetate buffer pH 3.5 at different scan rates

(10 — 70 mV/s), (b) graph of peak current vs. scan rate, (c) graph of peak current vs. square-root of scan

rate and (d) graph of logarithm of peak current vs. logarithm of scan rate.

1.00 -

Current (UA)

0 0.2

0.4

0.6

0.8

Potential applied (V)

Figure 5 Differential pulse voltammograms obtained under the following experimental conditions :

step potential 10 mV, modulation amplitude 10 mV, modulation time 100 ms and interval time 300 ms.
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Table 1 The solution pH affecting on voltammograms for sulfite analysis

pH Electrolyte type Signal features

Current (uA)
N
8

2.0 Hydrochloric acid -
000 T T T T T 1
0 02 04 06 08 1.2
Potential (V)
4.00 -
<
=2
€ 200 -
o
3.5 acetate buffer 5 -
o 000 T T T T T 1
0 02 04 06 08 1 12
Potential (V)
400 -
<
2
g 200 _’-———/
5.5 phosphate buffer =
O 000 T T T T T 1
0 02 04 06 08 1 12
Potential (V)
400 -
<
a2
= 2.00 's___—-—/'/
c
7.0 phosphate buffer 2
8 000 T T T T T 1
0 02 04 06 08 1 12
Potential (V)
__ 400
<§. /
= 2.00
€
9.0 phosphate buffer g 0.00 4 . . . . . .
O

0 02 04 06 08 1 12
Potential (V)
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3.2 wailaainasisudeanadlnamuuys
=8 n:i o o Y a a & = & o =
nNsANEIanIEImNNzanlun1nsIadada W saemnaRA RN fisud e AN S o ammuwNys Iasnng
Fagzvida i mdudu 500 tulasluans luansazatswadantviesnies 3.5 Avaand wmudea 20 Hadloas

NanaTULENWAYA 80 HaAIas Nagedulng 50 Hadaui wazdumnasiialnd 200 Had3un (Table 2)

Table 2 The optimal experimental conditions for differential pulse voltametric (DPV) analysis

Parameter Study value Selected value
Step potential (mV) 5-25 20
Modulation amplitude (mV) 5-100 80
Modulation time (ms) 10 - 250 50
Interval time (ms) 150 - 400 200

4. uamsAnwnaidnwaelunTiinTey

v
awv A

AudnvaznTInTzRnfnulusenudded lun Tuenududunsdunsimsidalid ardadiin
A1aalun13959970 waraATadnnngalun1sTiaseiidaUsunm Aua1salunisingl (Repeatability) wag

AMUEINTOLUNITNIUGY (Reproducibility) BaWan1sAnwILEnssa Figure 6 wag Table 3

20.00 -
14.00 5 _
< 15.00 - 500 uM
2
12.00 4 € 1000 - T
o
1000 J 8 500 A B N e }
_ 0.00 T T T T T T R S
:‘?:,— 8.00 0 02 04 06 08 1 12 14 e i
*g Potential (V) .7 y = 0.0212x + 0.3548
£ 600 - & R? = 0.9945
O ........
400 4 LT
@
200 4 e
@
o
000 T T T T 1
0 100 200 300 400 500

Concentration of sulfite (uM)
Figure 6 Calibration curve and differential pulse voltammograms (inset) obtained for sulfite analysis using

a screen-printed graphene electrode
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Table 3 Analytical characteristics of sulfite determination on a screen-printed graphene electrode using

differential pulse voltammetry

Analytical performance Results
Linear range (UM) 25-500
Linear equation y = 0.0212x + 0.3548
Coefficient of determination (r2) 0.9945
Limit of Detection (LOD) (uM) 12.27
Limit of Quantitation (LOQ) (uM) 40.92
Repeatability (%RSD, n = 6) 6.04
Reproducibility (%RSD, n = 10) 5.68

5. NMIANIRITIUNIU (Interference study)

4 A A o . . ¥ v o .y -
anssunuienalinasianinseiEa s ludaed wina lagninun Anenlunimaaestilianues 4 aiis

lAun neauaanasiin (Ascorbic acid) n9ndesn (Citric acid) lunaiFangasiun (Potassium sorbate) wazgiasa

(Sucrose) IAENINIIANIBAINEIUITNINT A AT UA1TUNIUAEAINEY 1:1, 1:2, 135, 1:10 way 1:100 Iasina

NN9ANHILARIAS Table 4

Table 4 Interference substances affecting on sulfite analysis

Interference Standard Sulfite : Interference % error
Ascorbic acid 1:1 8.54
Citric acid 1:2 6.33
Potassium sorbate 1:2 6.73
Sucrose 1:100 1.91

6. MINATIERIUGI8819959 (Real sample analysis)

a o

dwiunsiinszidalidlusaetainaldaiasiig o) lumeanddell Idfnmaineaaznisldndudu (%

Recovery) InYNANITANHLARNIAT Table 5
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Table 5 Percentage recovery (%Recovery) for sulfite analysis in fruit juice beverage samples

Sulfite concentration (uM)

Sample %Recovery
Added Detected
0 18.80 + 8.21
75 86.69 + 13.89 90.52 + 7.60
Coconut water A
125 126.51 +£13.12 86.17 + 3.95
200 20419 £ 17.74 92.69 +5.75
0 N.D.
75 73.14 +2.08 98.33 + 1.30
Coconut water B
125 131.44 +3.27 105.94 +2.19
200 230.16 + 6.21 115.57 + 2.56
0 N.D.
75 70.39 + 10.21 94.77 + 10.37
Apple juice
125 12443 £6.25 100.09 + 3.27
200 162.76 + 48.59 99.03 £ 7.01
0 N.D.
Mixed fruit and 75 58.86 + 3.56 81.87 +1.18
vegetable juice 125 130.16 + 7.52 106.16 + 3.80
200 223.62 + 14.71 113.08 + 5.98
0 N.D.
Longan juice 75 50.09 + 7.08 85.08 + 4.06
125 115.83 + 16.83 103.64 £ 10.25
200 191.65 + 18.76 102.69 + 7.45
0 N.D.
75 46.23 £ 5.46 82.89 + 3.07
Lychee juice
125 105.63 £ 9.97 97.25 £ 5.50
200 201.76 £ 20.62 108.85 + 8.76
0 9.29 +2.37
75 75.47 +2.83 88.24 + 0.82
Orange juice
125 132.07 £1.79 98.22 +0.79
200 220.42 +17.07 105.56 + 7.77
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Sulfite concentration (uM)

Sample %Recovery
Added Detected
0 N.D.
75 4251 £ 0.77 80.81+0.42
Guava juice
125 99.41 + 2.89 94.00 + 2.20
200 201.83 £ 12.87 109.96 + 6.26
0 N.D.
75 42.39+0.43 80.74 + 0.24
Strawberry juice
125 97.93+4.34 92.87 + 3.59
200 182.31 £ 2.47 100.24 +1.31
0 N.D.
75 78.06 + 1.32 101.95 +0.84
Pandan juice
125 136.51 +£4.03 107.93 +2.74
200 22423 £ 11.44 111.31 £ 5.47

Note N.D. : not detected.

Discussion

a o a o
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Falsznaudasdfuasnaumfiauiestunaaidnseadulasdnavnuany vnlfaunsadeteudidnaseyldasined
ﬂizam%mwzgqndﬂmqm?ﬁ\w@\m’]ﬁlﬂuv'l”ffl,ﬂ (N3 L) 'ﬁﬂizﬂ@‘uoﬁ”w%”wa:mum?‘mwma%wﬁﬂuﬁu (Arnold
et al., 2025; Lee et al., 2017; Pasakon et al., 2024) ”cmLﬂﬂﬁ%ﬂﬂﬁﬁﬂa‘ﬁ'\lumﬂmﬁuw’mrﬁuﬁﬂﬁﬁmmﬁmﬂa‘:Lm"LV\I‘ﬁ’]
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Wqt?mﬁmm%ﬂWﬂﬁnmﬂmﬁmﬁw’zﬁﬂ?uhmﬁLﬂiﬁ:ﬁ%@in’LﬂuLLuummwdwmi@lmsfuLL@xma‘LLwé uanani
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