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Colorimetric detection of bisphenol A in milk and milk powder based on

label-free aptamer and metal-organic framework enzyme mimics
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Abstract: [ Objective] To develop a label-free and visual colorimetric assay for the rapid detection of bisphenol A (BPA) using a BPA
aptamer as the recognition molecule and metal-organic framework (Fe-MIL-101) nanozyme mimics as the signal probe. [ Methods] The
BPA aptamer was added to the Fe-MIL-101 solution, where it was adsorbed onto the Fe-MIL-101 surface through electrostatic interactions,
thereby inhibiting the activity of nanozyme mimics. In the presence of BPA in the test sample, the aptamer specifically binds to BPA and
detaches from the Fe-MIL-101 surface, restoring the catalytic activity of Fe-MIL-101. This enables Fe-MIL-101 to catalyze a colorless
peroxidase substrate, generating a colorimetric output signal. The qualitative and quantitative analysis of BPA was achieved by monitoring
the changes in the colorimetric signal. [ Results] Under optimized conditions, the linear detection range for BPA in a buffered solution was
1~80 ng/mL, with a naked-eye visual detection limit of 0.5 ng/mL. When applied to BPA detection in milk and milk powder, the method
achieved spike recoveries ranging from 83.6% to 95.2%, with relative standard deviations (RSDs) between 2.96% and 7.45%. [ Conclusion ]
This method is simple, rapid, and highly accurate, demonstrating strong potential for practical applications.
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Figure 1
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Table 1 Results of tests for precision and recovery (n=3)

wm Rt/ TG BT 7 1 YR 0, 7 — R B T % vk

FES (ng-g™") Bt/ (ngeg™)  HIUERY% RSD/%  #iiid/(ng-g™) [/ % RSD/%

43 5 4.35+0.16 87.0+3.10 3.59 4.3240.21 86.4+4.20 4.86
20 17.74+1.25 88.5+6.25 7.06 18.10.97 90.5+4.85 5.36
100 94.444.74 94.44-4.74 5.02 92.54-5.40 92.545.40 5.84

ks 5 4.18+2.83 83.6+5.66 6.78 42241.12 84.4-2.24 2.65
20 17.240.51 86.0+2.55 2.96 18.54+1.66 92.548.30 8.97
100 95.24-7.06 95.247.06 7.45 97.24-5.88 97.24-5.88 6.04
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Table 2 Comparison of detection performance of the established method with that of existing detection techniques

LRUIDIRER P T A6 0 600 B LML [FICR/% K Rl /min - 2% S0k

A e Oy R NS (LT 0.15 ng/mL 1~80 ng/mL 83.6~95.2 50

A5 / L] 2.1 ng/g 3.5~10 000 ng/g  80.07~85.53 / [6]
WA 5 — TS Tk / ORE AR R AT A 3 ng/mL 10~2 000 ng/mL 87.5 / [23]
TR R 2 928 43 AT EIINEN W IR K 0.43 ng/mL 1~50 ng/mL 82.83~101.94 150 [8]
YK 4 b R T R K 0.1 ng/mL 0.01~100 ng/mL 95.6~103.8 25 [25]
oAb 2 AT R Si (WL NI TV 0.8 nmol/L 1~10 000 nmol/L ~ 95.1~100.3 100 [26]
BESCAG I IE LR / 0.5 pmol/L 0.5~1 000 pmol/L 95~104 / [27]
BT NIOLE G EmA / 0.03~0.08 ng/mL  0.1~10 000 ng/mL 95~103 5 [28]
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A7 R R R A 1) 2% A v L 1~80 ng/mL, AT AR AE
O ER > 0.5 ng/mL, B & Hoi b [mHCR  83.6%~95.2%
1207 17 T B b AR A A T 1, G 25 4R 2 152,
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