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Abstract: Excessive intake of aluminum ions poses a risk to human health; therefore, developing highly sensitive and rapid analytical
methods for aluminum ion detection is of great significance. Among various techniques, electrochemical sensors have attracted attention due to
their simple operation and fast response. In this study, an electrochemical sensor based on a polyornithine-modified glassy carbon electrode
(POr/GCE) using morin as a probe was constructed for the sensitive detection of aluminum ions, and its feasibility for practical sample analysis
was evaluated. The polyornithine electrochemical sensor was prepared using cyclic voltammetry (CV). The surface morphology and
electrochemical performance of the POrn/GCE were characterized by scanning electron microscopy (SEM) and electrochemical impedance
spectroscopy (EIS). Compared with the bare glassy carbon electrode (GCE), the POrn/GCE exhibited excellent electrocatalytic activity toward
morin, with a significantly increased peak current. Since morin can form coordination complexes with aluminum ions, the oxidation peak
current of morin at the POrn/GCE decreased with increasing aluminum ion concentration in the same solution. Based on this principle, an
electrochemical sensor using morin as a probe was developed for aluminum ion detection. The linear range of the sensor was 8.0x107 to
1.0%10° mol L%, with a correlation coefficient R=0.998 3 and a detection limit of 6.00>10"mol L. The proposed electrode was successfully
applied to determine aluminum ions in real samples, with recovery rates ranging from 97.87% to 106.38%. This method is simple, rapid, and
accurate, and holds good application prospects in fields such as food safety.
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Fig.2 CV Curves: POrn/GCE in Morin Solution, GCE in Morin Solution, POrn/GCE in Blank Solution
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Fig.5 CVs of Morin on POrn/GCE at Different pH (Inset: Oxidation Peak Potential vs. pH)
242 HIREEFE

v OV )

04 02 00 02 04 06 08 10 12 14
E/V

& 6 R POrn/GOE _EREFHERE LAY OV #i%k (PBENR BRSNS RMEFHERE T AIthZE)
Fig.6 CV curves of morin on POrn/GCE at different scan rates. (Inset: oxidation peak current versus scan rate.)
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Fig.7 CVs of morin on POrn/GCE at different concentrations.( Inset: oxidation peak current versus concentration.)
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Fig.8 CV curves of morin on POrn/GCE with different concentrations of Al3.( Inset: oxidation peak current vs. Al concentration.)
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3 0.47 0.48 0.95 100.00
3 g

A FOE IS EIIR AL RIN G T R SRRIEBEN (POMIGCE), FERFMA T R E KM AFERD
ME SR, T — P e A AR s T AR T RO RGN . et SR, (R ESEIe & T, AP 5
AN 5REERERMIEN, APHIKE 5Z GO POMIGCE FREILIERIT ML R R, 78 APWRE
Yy 8.0%107~1.010°mol L™ i, SRt K A LI HRITE S AP AT/ N, AHSC R % R=0.998 3, BT
F PR 6.0007mol L™, 5 B 2% 40 47 J7 2 LA 5 v ) R0 R A2 B R R IS L o S B AR S B [ oA R A
97.87%~106.38% 8], H4 5 SRS N E 1.000°mol L SRR, BUH, B RzEmKmse, 409
JCE 5. 15, 30 KJo, MEFR—HESREORE, 2 3FFF 98.3%. 97.6%. 97.0%KIWIAG RN, H#E— DI
6



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.8

T IZARIREAESE PR 3 b (O HERAYE ST e tE, HRRR 7 W TR R T 5 LPnid, 2T POm/GCE
AL IR AR IR AP TIPUE .. REUSIAMUESE T — T 6, Oy R s RS S H & S
ZAVGBUE R B TTAEGOENE, 2R R R R MR BRARAREEIL S, R
G PRBEIIN B I RS 36 A5 U I L IR A PR N T

B K
[1] MRl B8 3, 200 48 T S OB L AL A E A T[] 244X 55 01,2024, 21:90-91.

[2] YOKELR A. Aluminum in beverages and foods: a comprehensive compilation of regulations; concentrations in raw, prepared, and stored
beverages and foods; and intake [J]. Comprehensive Reviews in Food Science and Food Safety, 2025, 24(3): 70175.

[3] GUIHERME R, ALMEIDA YV B P, SOUZAE A, et al. Clinical outcomes of the deleterious effects of Aluminum on Neuro-Cognition,
inflammation, and health: a review [J]. Nutrients, 2023, 15(9): 2221

[4]  XE & FEE, dOoR SR AN S AR ISR S W A (R FUE R [J]. & i TV, 2023,44(7):470-476.

[5(] CGUBUK S, KAPLAN P, NALLBANI B G, et al. A versatile reusable polymer-based sensor for aluminum analysis in various food
matrices [J]. Food Chemistry, 2025, 471: 142809.

[6] GB 2760—2024,fr fit %z 4= M ZbriE £l IR INFHAE HIARELS].

[71 BLAYLOCK R L. Additive aluminum as a cause of induced immunoexcitotoxicity resulting in neurodevelopmental and
neurodegenerative disorders: a biochemical, pathophysiological, and pharmacological analysis [J]. Surgical Neurology International, 2024,
15:1-13.

[8] FAWZY K H, ZAYED M A, FRAG E Y. Chemically modified flubendazole carbon electrochemical sensor for aluminum determination
in food stuff, Multivitamin syrup and real water samples supported by DFT calculations, IR and morphological tools [J]. Food Chemistry,
2023, 421: 136197.

[9]  PEABKSL, NGB, TR AE SC, 58 43 D160l BE VA AR Ht SRR 5 55 80 A J i V2 0 s A9 2% v B 5 i PR 4 SR L[] 8 o 22 4 o B A W 27
#%,2021,12(17):6929-6932.

[10] GURAY T, ERCENGIZ D, UYSAL U D. A new spectrophotometric study with ortho hydroxy schiff base for thedetermination of
aluminum in drug [J]. Cumhuriyet Science Journal, 2020, 41(2): 456-461.

[11]  SEORME, 30, 75 S A i s o B e B B 5 [J BAUAR B #9,2024,30(3):189-193.

[12] SAHOO S S, BEHERA K C, BAG B. Substituted thiourea incorporated rhodamine-based chemosensors for selective detection of
aluminium ions [J]. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 2025, 328: 125494.

[13] A5, MR T2, B A A5 R T WSO w2 00 52 SR — R AN 77 P 0 B 1B ). T B BAR R H 2472, 2018,35(7):971-974.

[14] 5K ZIIEEH1 S5 TR B I L (0O R S 20 BRI FE[3]. 1L PG DR B SRR, 2024,3(2):334-340.

[15] MAKARISHCHEVA D D, KOLESNIKOVA O N, TREGUBOVA V E, et al. Development of a quantitative determination method for
Aluminum lons in adsorbed drugs using atomic absorption spectrometry with electrothermal atomization [J]. Pharmaceutical Chemistry
Journal, 2022, 56(4): 527-531.

[16] k-5, 1 0E R, AR, S G BOL T T i FO I BORPRE R A R B R S B B A R e R A
##,2025,16(5):10-15.

[17]  RRAESC 5K, S, S T RRANK s PO siAs T B B [9]. 70 Hr 1.2, 2019,47(12):1901-1908.

[18] ANCN,LIHY,LIUCF, et al. Novel flavonoid photoswitchable “Turn-On” fluorescent chemosensors: synthesis of bromo flavonols for
nanomolar aluminum ion detectionand cellular imaging, among other applications [J]. Journal of Fluorescence, 2024, 34: 2745-2756.

[19] TUMAY S O, SENOCAK A, MERMER A. A "turn-on" small molecule fluorescent sensor for the determination of AI** ion in real
samples: theoretical calculations, and photophysical and electrochemical properties [J]. New Journal of Chemistry, 2021, 45:
18400-18411.

[20] SURESH S, PRABAKARAN G, PRABHU J, et al. A pyridine naphthalene conjugate: ESIPT based molecular chemosensor for AI** ions
and sequential detection of H.POs~ and applications in milk, water samples and bio-imaging [J]. Journal of Food Composition and
Analysis, 2024, 133: 106364.

[21] AYALA M C, LOPEZ L L, JARAMILLO-BOTERO A, et al. Electrochemical modified electrode with bismuth film for

7



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.8

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]
[30]

ultrasensitivedetermination of aluminum (iii) [J]. Journal of Electroanalytical Chemistry, 2022, 919: 116552-1165509.

SOLIMAN | M, EI-NAHASS M M, MANSOUR Y. Electrical, dielectric and electrochemical measurements of bulkaluminum
phthalocyanine chloride (AIPcCI) [J]. Solid State Communications, 2016, 225: 17-21.

WU S Z, LIANG Y M, GUO H Y. An electrochemical sensor for sub-attomolar determination of aluminum ion with an ultra-wide
response range [J]. Microchemical Journal, 2023, 195: 109527.

REYES-LOAIZA V, DE L R J, HEMANDEZ-RENJIFO E, et al. Laser-induced graphene electrochemical sensor for guantitative
detection of phytotoxic aluminum ions (A1) in soils extracts [J]. Scientific Reports, 2024, 14: 5772.

YIN M J, YUAN JC, YU L, et al. Poly (L-lysine) modified glassy carbon electrode for sensitive electrochemical measurement of 2, 3, 5,
6-tetramethylpyrazine [J]. International Journal of Electrochemical Science, 2024, 19: 100500.

DHAMODHARAN A, MURUGAN E, LI H X, et al. Hexagonal morphology nickel sulfde anchored on GrapheneOxide—Modifed glassy
carbon electrode for the sensitive detectionof paracetamol in biological samples [J]. Electrocatalysis, 2025, 16: 182-195.

KADER M, AZMIN, KAFI A. Recent advances in gold nanoparticles modified electrodes in electrochemical nonenzymatic sensing of
chemical and biological compounds [J]. Inorganic Chemistry Communications, 2023, 153: 110767.

F R, S RS R A 3 T I S R R B (A 5Bk AR PR AR R 2kl Eh IR L RS L R i) & B 0] A A -
k2243 1F,2022,58(5):506-511.

PO T AT S0 ) P AL A SRR X I S N J i DUV A DUATT S [ D] it )iy K 22,2022.

YANG D X, ZHU L D, JING X Y, et al. Sensitive determination of Sudan | at an ordered mesoporous carbon modified glassy carbon
electrode [J]. Sensors and Actuators B: Chemical, 2009, 141(1): 124-129.



